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Chapter 1
Overview

This manual describes the DSP56303 24-bit digital signal processor (DSP), its memory,
operating modes, and peripheral modules. The DSP56303 is an implementation of the
DSP56300 core with a unique configuration of on-chip memory, cache, and peripherals.

Use this manual in conjunction with the DSP56300 Family Manual (DSP56300FM/AD),

which describes the CPU, core programming models, and instruction set. The DSP56303

Technical Data (DSP56303/D)—referred to as the data sheet—provides DSP56303 electrical
specifications, timing, pinout, and packaging descriptions.

You can obtain these documents—and the Motorola DSP development tools—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.

1.1 Manual Organization
This manual contains the following sections and appendices:
= Chapter 1, Overview—Features list and block diagram, related documentation,
organization of this manual, and the notational conventions used.
= Chapter 2, Sgnals/Connections—DSP56303 signals and their functional groupings.

= Chapter 3, Memory Configuration—DSP56303 memory spaces, RAM configuration,
memory configuration bit settings, memory configurations, and memory maps.

= Chapter 4, Core Configuration—Registers for configuring the DSP56300 core when
programming the DSP56303, in particular the interrupt vector locations and the
operation of the interrupt priority registers; operating modes and how they affect the
processor’s program and data memories.

= Chapter 5, Programming the Peripherals—Guidelines on initializing the DSP56303
peripherals, including mapping control registers, specifying a method of transferring
data, and configuring for general-purpose input/output (GPIO).
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Chapter 6, Host Interface (HI08)—Signals, architecture, programming model, reset,
interrupts, external host programming model, initialization, and a quick reference to
the HIO8 programming model.

Chapter 7, Enhanced Synchronous Serial Interface (ESS)—Enhancements, data and
control signals, programming model, operating modes, initialization, exceptions, and
GPIO.

Chapter 8, Serial Communication Interface (SCl)—Signals, programming model,
operating modes, reset, initialization, and GPIO.

Chapter 9, Triple Timer Module—Architecture, programming model, and operating
modes of three identical timer devices available for use as internals or event counters.

Appendix A, Bootstrap Code—Bootstrap code and equates for the DSP56303.

Appendix B, Programming Reference—Peripheral addresses, interrupt addresses, and
interrupt priorities for the DSP56303; programming sheets listing the contents of the
major DSP56303 registers for programmer’s reference.

1.2 Manual Conventions

This manual uses the following conventions:

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 programming sheets to see the exact location
of bits within a register.

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

The word “assert” means that a high true (active high) signal is pulled higkstorV

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
Ve SeeTable 1-1.

Table 1-1. High True/Low True Signal Conventions

Signal/Symbol Logic State Signal State Voltage
PIN? True Asserted Ground?
PIN False Deasserted Vel

1-2
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Table 1-1. High True/Low True Signal Conventions (Continued)

Signal/Symbol Logic State Signal State Voltage
PIN True Asserted Vee
PIN False Deasserted Ground

Note:

1. PINis 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) are indicated
likethis:

— In text, they have an overbar: for exam®ESET is asserted low.

— In code examples, they have a tilde in front of their namedsxample 1-1, line 3
refers to thesso signal (shown asSS0).

Sets of signals are indicated by the first and last signals in the set, for instance
HADI[0-7].

“Input/Output” indicates a bidirectional signal. “Input or Output” indicates a signal
that is exclusively one or the other.

Code examples are displayed in a monospaced font, as sh&xample 1-1.

Example 1-1. Sample Code Listing

BFSET #$0007, X PCGC  Confi gure: line 1
M SQ), MBI 0, SCKO for SPI naster line 2
; ~SS0 as PC3 for GPIO line 3

Hex values are indicated withbgpreceding the hex value, as follows: $FFFFFF is the
X memory address for the core interrupt priority register.

The word “reset” is used in four different contexts in this manual:
— the reset signal, written &ESET

— the reset instruction, written as RESET

— the reset operating state, written as Reset

— the reset function, written as reset
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1.3 Features

The Motorola DSP56303, a member of the DSP56300 core family of programmable DSPs,
supports wireless infrastructure applications with general filtering operations. Like the other
family members, the DSP56303 uses a high-performance, single-clock-cycle- per-instruction
engine (code compatible with Motorola's popular DSP56000 core family), abarrel shifter,
24-bit addressing, instruction cache, and DMA controller. The DSP56303 offers 100 million
instructions per second (MIPS) performance using an internal 100 MHz clock with 3.3 V core
and input/output (1/0) power.

All DSP56300 core family members contain the DSP56300 core and additional modules. The
modules are chosen from alibrary of standard predesigned elements, such as memories and
peripherals. New modules can be added to the library to meet customer specifications. A
standard interface between the DSP56300 core and the on-chip memory and peripherals
supports awide variety of memory and peripheral configurations. In particular, the DSP56303
includes a JTAG port integrated with the Motorola OnCE™ module.

The DSP56303 is intended for use in telecommunication applications, such as multi-line
voice/data/fax processing, video conferencing, audio applications, control, and general digital
signal processing

1.4 DSP56300 Core

Core features are fully described in 8P56300 Family Manual. This manual, in contrast,
documents pinout, memory, and peripheral features. Core features are as follows:

= 100 million instructions per second (MIPS) with a 100 MHz clock at 3.0-3.6 V
= Object code compatible with the DSP56000 core
= Highly parallel instruction set
= Data Arithmetic Logic Unit (Data ALU)
— Fully pipelined 24 x 24-bit parallel Multiplier-Accumulator (MAC)

— 56-bit parallel barrel shifter (fast shift and normalization; bit stream generation and
parsing)

— Conditional ALU instructions
— 24-bit or 16-bit arithmetic support under software control
= Program Control Unit (PCU)
— Position Independent Code (PIC) support
— Addressing modes optimized for DSP applications (including immediate offsets)
— On-chip instruction cache controller
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— On-chip memory-expandable hardware stack
— Nested hardware DO loops
— Fast auto-return interrupts
= Direct Memory Access (DMA)
— 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
= Phase Lock Loop (PLL)
— Allows change of low power Divide Factor (DF) without loss of lock
— Output clock with skew elimination
= Hardware debugging support
— On-Chip Emulation (OnCE) module
— Joint Test Action Group (JTAG) Test Access Port (TAP)
— Address Trace mode reflects internal Program RAM accesses at the external port
= Reduced power dissipation
— Very low-power CMOS design
— Wait and stop low-power standby modes
— Fully-static design specified to operate down to 0 Hz (dc)

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

1.5 DSP56300 Core Functional Blocks
The functional blocks of the DSP56300 core are:

= Data arithmetic logic unit (ALU)
= Address generation unit

= Program control unit

= PLL and clock oscillator

» JTAG TAP and OnCE module
= Memory

In addition, the DSP56303 provides a set of on-chip peripherals, discuSeetion 1.8,
Peripherals, on page 1-12.
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1.5.1 Data ALU

The data ALU performs all the arithmetic and logical operations on data operands in the
DSP56300 core. These are the components of the data AL U:

= Fully pipelined 24 x 24-bit parallel multiplier-accumulator

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

= Conditional ALU instructions
= Software-controllable 24-bit, 48-bit, or 56-bit arithmetic support
= Four 24-bit or 48-bit input general-purpose registers: X1, X0, Y1, and YO

s SixdataALU registers (A2, Al, A0, B2, B1, and BO) that are concatenated into two
general-purpose, 56-bit accumulators, A and B, accumulator shifters

= Two data bus shifter/limiter circuits

1.5.1.1 Data ALU Registers

The data ALU registers are read or written over the X databus and the Y data bus as 16- or
32-bit operands. The source operands for the data ALU can be 16, 32, or 40 bits and aways
originate from data ALU registers. Theresults of all data ALU operations are stored in an
accumulator. Data ALU operations are performed in two clock cyclesin apipeline so that a
new instruction can be initiated in every clock cycle, yielding an effective execution rate of
one instruction per clock cycle. The destination of every arithmetic operation can be a source
operand for the immediately following operation without penalty.

1.5.1.2 Multiplier-Accumulator (MAC)

The MAC unit comprises the main arithmetic processing unit of the DSP56300 core and
performs all of the calculations on data operands. For 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
twos-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 is either truncated or rounded into the MSP. Rounding is
performed if specified.
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1.5.2 Address Generation Unit (AGU)

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

The AGU isdivided into halves, each with itsown identical address ALU. Each addressALU
has four sets of register triplets, and each register triplet includes an address register, offset
register, and modifier register. Each contains a 24-bit full adder (called an offset adder). A
second full adder (called a modulo adder) adds the summed result of the first full adder to a
modulo value that is stored in its respective modifier register. A third full adder (called a
reverse-carry adder) is also provided. The offset adder and the reverse-carry adder work 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 addersis output.

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

1.5.3 Program Control Unit (PCU)

The PCU fetches and decodes instructions, controls hardware DO loops, and processes
exceptions. Its seven-stage pipeline controls the different processing states of the DSP56300
core. The PCU consists of three hardware blocks:

= Program decode controller — decodes the 24-bit instruction loaded into the instruction
latch and generates all signals for pipeline control.

= Program address generator — contains all the hardware needed for program address
generation, system stack, and loop control.

= Program interrupt controller — arbitrates among all interrupt requests (internal
interrupts, as well as the five external requasts,, IRQB, IRQC, IRQD, andNMl), and
generates the appropriate interrupt vector address.

PCU features include the following:

= Position-independent code support
= Addressing modes optimized for DSP applications (including immediate offsets)
= On-chip instruction cache controller
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On-chip memory-expandable hardware stack
Nested hardware DO loops

Fast auto-return interrupts

Hardware system stack

The PCU uses the following registers:

Program counter register
Status register

L oop address register

L oop counter register
Vector base address register
Size register

Stack pointer

Operating mode register
Stack counter register

1.5.4 PLL and Clock Oscillator

The clock generator in the DSP56300 core comprises two main blocks: the PLL, which
performs clock input division, frequency multiplication, and skew elimination; and the clock
generator, which performs low-power division and clock pulse generation. These features
allow you to:

Change the low-power divide factor without losing the lock

Output a clock with skew elimination

The PLL allows the processor to operate at a high internal clock frequency using a

low-frequency clock input, afeature that offers two immediate benefits:

1-8

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.
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1.5.5JTAG TAP and OnCE Module

In the DSP56300 core is a dedicated user-accessible TAP that is fully compatible with the
|EEE 1149.1 Sandard Test Access Port and Boundary Scan Architecture. Problems with
testing high-density circuit boards led to the development of this standard under the
sponsorship of the Test Technology Committee of |EEE and the JTAG. The DSP56300 core
implementation supports circuit-board test strategies based on this standard. The test logic
includes a TAP with four dedicated signals, a 16-state controller, and three test data registers.
A boundary scan register links all device signalsinto a single shift register. The test logic,
implemented utilizing static logic design, is independent of the device system logic. For
details on the JTAG port, consult the DSP56300 Family Manual.

The OnCE modul einteracts with the DSP56300 core and its peripherals nonintrusively so that
you can examine registers, memory, or on-chip peripherals. This facilitates hardware and
software devel opment on the DSP56300 core processor. OnCE module functions are
provided through the JTAG TAP signals. For details on the OnCE module, consult the
DSP56300 Family Manual.

1.5.6 On-Chip Memory

The memory space of the DSP56300 core is partitioned into program, X data, and Y data
memory space. The datamemory spaceisdivided into X and Y data memory in order to work
with the two address AL Us and to feed two operands simultaneously to the data ALU.
Memory space includesinternal RAM and ROM and can be expanded off-chip under
software control. For details on internal memory, see Chapter 3, Memory Configuration.
Program RAM, instruction cache, X dataRAM, and Y data RAM size are programmable, as
shownin Table 1-2.

Table 1-2. On-Chip Memory

'”Séguc‘;]t;o“ SI\‘/’I"OiEjCeh Progg?eRAM g‘;g[]‘fgloz 2 X Data RAM Size | Y Data RAM Size
disabled disabled 4096 x 24-hit 0 2048 x 24-hit 2048 x 24-hit
enabled disabled 3072 x 24-bit 1024 x 24-bit 2048 x 24-bit 2048 x 24-bit
disabled enabled 2048 x 24-bit 0 3072 x 24-bit 3072 x 24-bit
enabled enabled 1024 x 24-bit 1024 x 24-bit 3072 x 24-bit 3072 x 24-bit

Thereis an on-chip 192 x 24-bit bootstrap ROM.
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1.5.7 Off-Chip Memory Expansion
Memory can be expanded off chip to the following capacities:
= Datamemory expansion to two 256 K x 24-hit word memory spaces using the standard
external address lines
= Program memory expansion to one 256 K x 24-bit words memory space using the
standard external address lines
Further features of off-chip memory include the following:

= External memory expansion port

= Simultaneous gluelessinterface to static random access memory (SRAM) and dynamic
random access memory (DRAM)

1.6 Internal Buses

To provide data exchange between the blocks, the DSP56303 implements the following
buses:

= Peripheral 1/0 expansion bus to peripherals

= Program memory expansion bus to program ROM

= X memory expansion busto X memory

= Y memory expansion busto Y memory

= Global data bus between PCU and other core structures

= Program data bus for carrying program data throughout the core

= X memory databus for carrying X data throughout the core

= Y memory databusfor carrying Y data throughout the core

= Program address bus for carrying program memory addresses throughout the core

= X memory address bus for carrying X memory addresses throughout the core

= Y memory address bus for carrying Y memory addresses throughout the core.

The block diagram in Figure 1-1 illustrates these buses among other components.

1-10 DSP56303 User's Manual @ MOTOROLA



DMA

All internal buses on the DSP56300 family members are 24-bit buses. The program data bus
isalso a24-bit bus. Figure 1-1 shows a block diagram of the DSP56303.
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Figure 1-1. DSP56303 Block Diagram
Note: See Section 1.5.6, On-Chip Memory, on page 1-9 for memory size details.

1.7 DMA
The DMA block has the following features:

= Six DMA channels supporting internal and external accesses
= One, two-, and three-dimensional transfers (including circular buffering)
= End-of-block-transfer interrupts
= Triggering from interrupt lines and all peripherals
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1.8 Peripherals
In addition to the core features, the DSP56303 provides the following peripherals:

= Asmany as 34 user-configurable GPIO signals
= HIO8 to external hosts

s Dua ESSI

= SCI

= Tripletimer module

= Memory switch mode

m Four external interrupt/mode control lines

1.8.1 GPIO Functionality

The GPIO port consists of up to 34 programmable signals, also used by the peripherals (H108,
ESSI, SCI, and timer). There are no dedicated GPIO signals. After areset, the signals are
automatically configured as GPIO. Three memory-mapped registers per peripheral control
GPIO functionality. Programming techniquesfor these registersto control GPIO functionality
are detailed in Chapter 5, Programming the Peripherals.

1.8.2 HIO8

The HI08 is a byte-wide, full-duplex, double-buffered parallel port that can connect directly
to the data bus of a host processor. The HI08 supports avariety of buses and provides
connection with a number of industry-standard DSPs, microcomputers, and microprocessors
without requiring any additional logic. The DSP core treats the HI08 as a memory-mapped
peripheral occupying eight 24-bit words in data memory space. The DSP can use the HI08 as
amemory-mapped peripheral, using either standard polled or interrupt programming
techniques. Separate double-buffered transmit and receive data registers allow the DSP and
host processor to transfer data efficiently at high speed. Memory mapping allows you to
program DSP core communication with the HI08 registers using standard instructions and
addressing modes.
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1.8.3 ESSI

The DSP56303 provides two independent and identical ESSIs. Each ESSI has 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. ESS| capabilities include the following:

= Independent (asynchronous) or shared (synchronous) transmit and recelve 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 hits)

= Program options for frame synchronization and clock generation
= Onerecelver and three transmitters per ESS|

1.8.4 SCI

The SCI provides afull-duplex port for serial communication with other DSPs,
microprocessors, or peripherals such as modems. The SCI interfaces without additional logic
to peripheralsthat use TTL-level signals. With asmall amount of additional logic, the SCI can
connect to peripheral interfaces that have non-TTL level signals, such asthe RS-232C,
RS-422, etc. Thisinterface uses three dedicated signals: transmit data, receive data, and SCI
serial clock. It supports industry-standard asynchronous bit rates and protocols, as well as
high-speed synchronous data transmission (up to 12.5 Mbps for a100 MHz clock). SCI
asynchronous protocols include a multidrop mode for master/slave operation with wakeup on
idle line and wakeup on address bit capability. This mode alows the DSP56303 to share a
single serial line efficiently with other peripherals.

Separate SCI transmit and receive sections 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 allow the baud-rate generator to function as a
general-purpose timer when the SCI isnot using it or when the interrupt timing is the same as
that used by the SCI.
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1.8.5 Timer Module

Thetriple timer moduleis composed of acommon 21-bit prescaler and three independent and
identical general-purpose 24-bit timer/event counters, each with its own memory-mapped
register set. Each timer has the following properties:

= A singlesignal that can function asa GPIO signal or as atimer signal

= Usesinternal or external clocking and can interrupt the DSP after a specified number
of events (clocks) or signal an external device after counting internal events

= Connection to the external world through one bidirectional signal. When thissignal is
configured as an input, the timer functions as an external event counter or measures
external pulse width/signal period. When the signal is used as an output, the timer
functions as either atimer, awatchdog, or a pulse width modulator.
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Chapter 2

Signals/Connections

The DSP56303 input and output signals are organized into functional groups, as shown in
Table2-1 andillustrated in Figure 2-1. The DSP56303 operatesfrom a3 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. DSP56303 Functional Signal Groupings

Functional Group Number of Signals Description and Page
Power (V) 18 Table 2-2 on page 2-3
Ground (GND) 19 Table 2-3 on page 2-4
Clock 2 Table 2-4 on page 2-5
PLL 3 Table 2-5 on page 2-5
Address bus 18 Table 2-6 on page 2-6
Data bus Port A* 24 Table 2-7 on page 2-6
Bus control 13 Table 2-8 on page 2-6
Interrupt and mode control 5 Table 2-9 on page 2-9
HI08 Port B2 16 Table 2-11 on page 2-11
ESSI Ports C and D3 12 Table 2-12 on page 2-15
Table 2-13 on page 2-17
SCI Port E4 3 Table 2-14 on page 2-19
Timer® 3 Table 2-15 on page 2-20
OnCE/JTAG Port 6 Table 2-16 on page 2-21
NOTES:

1. Port A signals define the external memory interface port, including the external address bus, data bus, and

control signals. The data bus lines have internal keepers.
2. Port B signals are the HI08 port signals multiplexed with the GPIO signals. All Port B signals have keepers.
3. Port C and D signals are the two ESSI port signals multiplexed with the GPIO signals. All Port C and D

signhals have keepers.

4. Port E signals are the SCI port signals multiplexed with the GPIO signals. All Port C signals have keepers.

5. All timer signals have keepers.
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Note: 1.

The HI08 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 mode is configured independently, any combination of these

modes is possible. These HI08 signals can also be configured as GPIO signals (PB[0-15]). Signals with dual

designations (for example, HAS/HAS) have configurable polarity.

2. The ESSIO, ESSI1, and SCI signals are multiplexed with the Port C GPIO signals (PC[0-5]), Port D GPIO signals
(PD[0-5]), and Port E GPIO signals (PE[0-2]), respectively.

3. TIO[0-2] can be configured as GPIO signals.

Figure 2-1. Signals Identified by Functional Group
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2.1 Power
Table 2-2. Power Inputs

Power Name Description

Veep PLL Power— V¢ dedicated for use with Phase Lock Loop (PLL). The voltage should be
well-regulated and the input should be provided with an extremely low impedance path to the V¢
power rail.

Veeg (4) Quiet Power— An isolated power for the internal processing logic. This input must be tied externally
to all other chip power inputs, except for Vocp. The user must provide adequate external decoupling

capacitors.

Veea (4) Address Bus Power— An isolated power for sections of the address bus I/O drivers. This input
must be tied externally to all other chip power inputs, except for Vecp. The user must provide

adequate external decoupling capacitors.

Veep (4) Data Bus Power— An isolated power for sections of the data bus I/O drivers. This input must be tied
externally to all other chip power inputs, except for Vccp. The user must provide adequate external

decoupling capacitors.

Veee (2) Bus Control Power— An isolated power for the bus control I/O drivers. This input must be tied
externally to all other chip power inputs, except for Vccp. The user must provide adequate external

decoupling capacitors.

Veen Host Power— An isolated power for the HIO8 I/O drivers. This input must be tied externally to all
other chip power inputs, except for Vccp. The user must provide adequate external decoupling

capacitors.

Vees (2) ESSI, SCI, and Timer Power— An isolated power for the ESSI, SCI, and timer I/O drivers. This input
must be tied externally to all other chip power inputs, except for Vccp. The user must provide

adequate external decoupling capacitors.

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 Vcp are labeled Vcc. The numbers of connections
indicated in this table are minimum values; the total V¢ connections are package-dependent.
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2.2 Ground

Table 2-3. Grounds

Ground Name

Description

GNDp

PLL Ground— 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 puF capacitor located

as close as possible to the chip package.

GNDp;

PLL Ground 1— Ground dedicated for PLL use. The connection should be provided with an
extremely low-impedance path to ground.

GNDg, (4)

Quiet Ground— An isolated ground for the internal processing logic. This connection must be tied
externally to all other chip ground connections, except GNDp and GNDp. The user must provide

adequate external decoupling capacitors.

GNDa (5)

Address Bus Ground— An isolated ground for sections of the address bus 1/O drivers. This
connection must be tied externally to all other chip ground connections, except GNDp and GNDp.

The user must provide adequate external decoupling capacitors.

GNDp, (4)

Data Bus Ground— An isolated ground for sections of the data bus I/O drivers. This connection
must be tied externally to all other chip ground connections, except GNDp and GNDp;. The user

must provide adequate external decoupling capacitors.

GND¢ (2)

Bus Control Ground— An isolated ground for the bus control I/O drivers. This connection must be
tied externally to all other chip ground connections, except GNDp and GNDp;. The user must

provide adequate external decoupling capacitors.

GNDy

Host Ground— An isolated ground for the HIO8 1/O drivers. This connection must be tied externally
to all other chip ground connections, except GNDp and GNDp;. The user must provide adequate

external decoupling capacitors.

GNDg (2)

ESSI, SCI, and Timer Ground— An isolated ground for the ESSI, SCI, and timer 1/O drivers. This
connection must be tied externally to all other chip ground connections, except GNDp and GNDp;.

The user must provide adequate external decoupling capacitors.

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 GNDp; are
labeled GND. The numbers of connections indicated in this table are minimum values; the total GND
connections are package-dependent.
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2.3 Clock
Table 2-4. Clock Signals

Signal State During . R
Name Type Reset Signal Description
EXTAL Input Input External Clock/Crystal Input— Interfaces the internal crystal oscillator
input to an external crystal or an external clock.
XTAL Output | Chip-driven Crystal Output— Connects the internal crystal oscillator output to an
external crystal. If an external clock is used, leave XTAL unconnected.

2.4 Phase Lock Loop (PLL)
Table 2-5. Phase Lock Loop Signals

State During

Reset Signal Description

Signal Name Type

PCAP Input Input PLL Capacitor— Connects an off-chip capacitor to the PLL filter. See
the DSP56303 Technical Data sheet to determine the correct PLL
capacitor value. Connect one capacitor terminal to PCAP and the
other terminal to Vcp.

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

CLKOUT Output Chip-driven Clock Output— 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/NMI Input Input PLL Initial/Non-Maskable Interrupt—  During assertion of RESET,
the value of PINIT/NMI is written into the PLL Enable (PEN) bit of the
PLL control register, determining whether the PLL is enabled or
disabled. After RESET 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.
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2.5 External Memory Expansion Port (Port A)

Note:

When the DSP56303 enters a low-power standby mode (Stop or Wait), it releases
bus mastership and tri-states the relevant Port A signals: A[0-17], D[0-23],
AAO/RASO-AA3/RAS3 RD, WR, BB, CAS BCLK, BCLK.

2.5.1 External Address Bus
Table 2-6. External Address Bus Signals

Signal State During Reset, . .
Name Type Stop, or Wait Signal Description
A[0-17] Output Tri-stated Address Bus— When the DSP is the bus master, A[0—17] specify

the address for external program and data memory accesses.
Otherwise, the signals are tri-stated. To minimize power
dissipation, A[0—17] do not change state when external memory
spaces are not being accessed.

2.5.2 External Data Bus
Table 2-7. External Data Bus Signals

Signal
Name

Type

State During Reset,
Stop, or Wait

Signal Description

D[0-23]

Input/Output

Tri-stated

Data Bus— When the DSP is the bus master, D[0-23] provide the
bidirectional data bus for external program and data memory
accesses. Otherwise, D[0-23] are tri-stated.

2.5.3 External Bus Control
Table 2-8. External Bus Control Signals

Signal
Name

Type

State During Reset,
Stop, or Wait

Signal Description

AAO/RASO—

AA3/RAS3

Output

Tri-stated

Address Attribute or Row Address Strobe— As AA, these signals
function as chip selects or additional address lines. Unlike address
lines, however, the AA lines do not hold their state after a read or write
operation. As RAS, these signals can be used for Dynamic Random
Access Memory (DRAM) interface. These signals have programmable
polarity.

Output

Tri-stated

Read Enable— When the DSP is the bus master, RD is asserted to
read external memory on the data bus (D[0-23]). Otherwise, RD is
tri-stated.

Output

Tri-stated

Write Enable— When the DSP is the bus master, WR is asserted to
write external memory on the data bus (D[0-23]). Otherwise, WR is
tri-stated.
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Table 2-8. External Bus Control Signals (Continued)

Signal
Name

Type

State During Reset,
Stop, or Wait

Signal Description

Input

Ignored Input

Transfer Acknowledge— If the DSP56303 is the bus 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) can 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, asserted
to enable completion of the bus cycle, and 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 set the minimum number of wait
states in external bus cycles.

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

TA functionality cannot be used during DRAM-type accesses;
otherwise improper operation may result.

Output

Output
(deasserted)

Bus Request— Asserted when the DSP requests bus mastership and
deasserted when the DSP no longer needs the bus. BR can be
asserted or deasserted independently of whether the DSP56303 is a
bus master or a bus slave. Bus “parking” allows BR to be deasserted
even though the DSP56303 is the bus master (see the description of
bus “parking” in the BB signal description). The Bus Request Hold
(BRH) bit in the BCR allows BR to be asserted under software control,
even though the DSP does not need the bus. BR is typically sent to an
external bus arbitrator that controls the priority, parking and tenure of
each master on the same external bus. BR is affected only 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—Must be asserted/deasserted synchronous to CLKOUT
for proper operation. An external bus arbitration circuit asserts BG
when the DSP56303 becomes the next bus master. When BG is
asserted, the DSP56303 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.
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Table 2-8. External Bus Control Signals (Continued)

Signal
Name

Type

State During Reset,
Stop, or Wait

Signal Description

Input/
Output

Input

Bus Busy— Indicates that the bus is active and must be asserted and
deasserted synchronous to CLKOUT. Only after BB is deasserted can
the pending bus master become the bus master (and then assert the
signal again). The bus master can 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. BB is
deasserted by an “active pull-up” method (that is, 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, DRAM
uses CAS 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 active when
the OMR[ATE] is set. When BCLK is active and synchronized to
CLKOUT by the internal PLL, BCLK precedes CLKOUT by one-fourth
of a clock cycle.

BCLK

Output

Tri-stated

Bus Clock Not— When the DSP is the bus master, BCLK is the
inverse of the BCLK signal. Otherwise, the signal is tri-stated.

2-8

DSP56303 User's Manual @ MOTOROLA



Interrupt and Mode Control

2.6 Interrupt and Mode Control

The interrupt and mode control signals select the chip’s operating mode as it comes out of
hardware reset. AfteRESET is deasserted, these inputs are hardware interrupt request lines.

Table 2-9. Interrupt and Mode Control

State During

Signal Name Type Reset

Signal Description

RESET Input Input Reset—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 and
operate synchronously. 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.

MODA/IRQA Input Input Mode Select A/External Interrupt Request A—  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/IRQA MODA, MODB, MODC,
and MODD select one of sixteen initial chip operating modes, latched
into the OMR when the RESET signal is deasserted.

Internally synchronized to CLKOUT. 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 a STOP
instruction puts the processor is in the Stop standby state and IRQA is
asserted, the processor exits the Stop state.

MODA/IRQA can tolerate 5 V.

MODB/IRQB Input Input Mode Select B/External Interrupt Request B—  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.

Internally synchronized to CLKOUT. 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 During

Reset Signal Description

Signal Name Type

MODC/IRQC Input Input Mode Select C/External Interrupt Request C—  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.

Internally synchronized to CLKOUT. 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—  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.

Internally synchronized to CLKOUT. 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.

2.7 Host Interface (HI08)

The HI08 provides afast, parallel data-to-8-bit port that can directly connect to the host bus.
The HI08 supports a variety of standard buses and can directly connect to a number of
industry-standard microcomputers, microprocessors, DSPs, and DMA hardware.

2.7.1 Host Port Usage Considerations

Careful synchronization is required when the system reads multiple-bit registers that are
written by another asynchronous system. Thisis a common problem when two asynchronous
systems are connected (asthey are in the Host port). The considerations for proper operation
are discussed in Table 2-10.

Table 2-10. Host Port Usage Considerations

Action Description

Asynchronous read of receive |When reading the receive byte registers, Receive register High (RXH), Receive register
byte registers Middle (RXM), or Receive register Low (RXL), the host interface programmer should use
interrupts or poll the Receive Register Data Full (RXDF) flag that indicates data is
available. This assures that the data in the receive byte registers is valid.
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Table 2-10. Host Port Usage Considerations (Continued)

Action

Description

Asynchronous write to transmit

byte registers

The host interface programmer should not write to the transmit 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 transfer valid data to
the Host Receive (HRX) register.

Asynchronous write to host

vector

The host interface programmer must change the Host Vector (HV) register only when the
Host Command bit (HC) is clear. This practice guarantees that the DSP interrupt control
logic receives a stable vector.

2.7.2 Host Port Configuration

HI08 signal functions vary according to the programmed configuration of the interface as
determined by the 16 bitsin the HI08 Port Control Register (HPCR). Refer to the Chapter 6,
Host Interface (H108), for detailed descriptions of HI08 configuration registers.

Table 2-11. Host Interface

. State During . o
Signal Name Type Reset or Stopl Signal Description
H[0-7] Input/Output | Disconnected | Host Data— When the HI08 is programmed to interface with a
internally non-multiplexed host bus and the HI function is selected, these signals
are lines 0-7 of the Data bus.

HAD[0-7] Input/Output Host Address— When the HIO08 is programmed to interface with a
multiplexed host bus and the HI function is selected, these signals are
lines 0-7 of the Address/Data bus.

PB[0-7] Input or Port B 0-7— When the HIO8 is configured as GPIO through the HPCR,

Output these signals are individually programmed through the HI08 Data
Direction Register (HDDR).
This input is 5 V tolerant.
HAO Input Disconnected | Host Address Input 0— When the HIO8 is programmed to interface
internally with a non-multiplexed host bus and the HI function is selected, this
signal is line 0 of the Host Address bus.

HAS/HAS Input Host Address Strobe— When the HI08 is programmed to interface
with 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 HIO08 is configured as GPIO through the HPCR,

Output this signal is individually programmed through the HDDR.
This input is 5 V tolerant.
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Table 2-11. Host Interface (Continued)

Signal Name

Type

State During
Reset or Stop 1

Signal Description

HA1

HA8

PB9

Input

Input

Input or
Output

Disconnected
internally

Host Address Input 1— When the HIO8 is programmed to interface
with a non-multiplexed host bus and the HI function is selected, this
signal is line 1 of the Host Address bus.

Host Address 8— When the HI08 is programmed to interface with a
multiplexed host bus and the HI function is selected, this signal is line 8
of the Host Address bus.

Port B 9— When the HI08 is configured as GPIO through the HPCR,
this signal is individually programmed through the HDDR.

This input is 5 V tolerant.

HA2

HA9

PB10

Input

Input

Input or
Output

Disconnected
internally

Host Address Input 2— When the HIO8 is programmed to interface
with a non-multiplexed host bus and the HI function is selected, this
signal is line 2 of the Host Address bus.

Host Address 9— When the HI08 is programmed to interface with a
multiplexed host bus and the HI function is selected, this signal is line 9
of the Host Address bus.

Port B 10— When the HI08 is configured as GPIO through the HPCR,
this signal is individually programmed through the HDDR.

This input is 5 V tolerant.

HRW

HRD/HRD

PB11

Input

Input

Input or
Output

Disconnected
internally

Host Read/Write— When the HI08 is programmed to interface with a
single-data-strobe host bus and the HI function is selected, this signal is
the Host Read/Write input.

Host Read Data— When the HIO8 is programmed to interface with 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.

Port B 11— When the HI08 is configured as GPIO through the HPCR,
this signal is individually programmed through the HDDR.

This input is 5 V tolerant.
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Table 2-11. Host Interface (Continued)

Signal Name

Type

State During
Reset or Stop 1

Signal Description

HDS/HDS

HWR/HWR

PB12

Input

Input

Input or
Output

Disconnected
internally

Host Data Strobe— When the HI08 is programmed to interface with a
single-data-strobe host bus and the HI function is selected, this signal is
the Host Data Strobe (HDS) Schmitt-trigger input. The polarity of the
data strobe is programmable, but is configured as active-low (HDS)
following reset.

Host Write Data— When the HI08 is programmed to interface with a
double-data-strobe host bus and the HI function is selected, this signal
is the Host Write Data Strobe (HWR) Schmitt-trigger input. The polarity
of the data strobe is programmable, but is configured as active-low
(HWR) following reset.

Port B 12— When the HI08 is configured as GPIO through the HPCR,
this signal is individually programmed through the HDDR.

This input is 5 V tolerant.

HCS

HA10

PB13

Input

Input

Input or
Output

Disconnected
internally

Host Chip Select— When the HIO8 is programmed to interface with a
non-multiplexed host bus and the HI function is selected, this signal is
the Host Chip Select (HCS) input. The polarity of the chip select is
programmable, but is configured active-low (HCS) after reset.

Host Address 10— When the HIO08 is programmed to interface with a
multiplexed host bus and the HI function is selected, this signal is line
10 of the Host Address bus.

Port B 13— When the HI08 is configured as GPIO through the HPCR,
this signal is individually programmed through the HDDR.

This input is 5 V tolerant.

HREQ/HREQ

HTRQ/HTRQ

PB14

Output

Output

Input or
Output

Disconnected
internally

Host Request— When the HIO8 is programmed to interface with a
single host request host bus and the HI 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 can be programmed as a driven or open-drain output.

Transmit Host Request— When the HI08 is programmed to interface
with 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.

Port B 14— When the HI08 is programmed to interface with a
multiplexed host bus and the signal is configured as GPIO through the
HPCR, this signal is individually programmed through the HDDR.

This input is 5 V tolerant.
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Table 2-11. Host Interface (Continued)

Signal Name

Type

State During
Reset or Stop 1

Signal Description

HACK/HACK

HRRQ/HRRQ

PB15

Input

Output

Input or
Output

Disconnected
internally

Host Acknowledge— When the HIO8 is programmed to interface with 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 the HIO08 is programmed to interface
with 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 through the HDDR.

This input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal state.
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2.8 Enhanced Synchronous Serial Interface 0 (ESSIO)

Two synchronous serial interfaces (ESSIO and ESSI 1) provide afull-duplex serial port for
serial communication with a variety of serial devices, including one or more
industry-standard CODECs, other DSPs, microprocessors, and peripheral s that implement the

Motorola Serial Peripheral Interface (SPI).

Table 2-12. Enhanced Synchronous Serial Interface 0 (ESSIO)

Signal
Name

Type

State During?

Reset Stop

Signal Description

SCO00

PCO

Input or
Output

Disconnected
internally

Input

Serial Control 0— Functions in either Synchronous or
Asynchronous mode. For Asynchronous mode, this signal is
the receive clock I/O (Schmitt-trigger input). For Synchronous
mode, this signal is either for Transmitter 1 output or Serial I/O
Flag 0.

Port C 0— The default configuration following reset is GPIO.
For PCO, signal direction is controlled through the Port C
Direction Register (PRRC).

This signal is configured as SC00 or PCO through the Port C
Control Register (PCRC).

This input is 5 V tolerant.

SCO01

PC1

Input/Output

Input or
Output

Disconnected
internally

Input

Serial Control 1— Functions in either Synchronous or
Asynchronous mode. For Asynchronous mode, this signal is
the receiver frame sync 1/0. For Synchronous mode, this
signal is either Transmitter 2 output or Serial I/O Flag 1.

Port C 1— The default configuration following reset is GPIO.
For PC1, signal direction is controlled through PRRC.

This signal is configured as SCO1 or PC1 through PCRC.

This input is 5 V tolerant.

SC02

PC2

Input/Output

Input or
Output

Disconnected
internally

Input

Serial Control Signal 2— 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.
For PC2, signal direction is controlled through PRRC.

This signal is configured as SC02 or PC2 through PCRC.

This input is 5 V tolerant.
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Enhanced Synchronous Serial Interface 0 (ESSIO0)

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

Signal
Name

Type

State During !

Reset

Stop

Signal Description

SCKO

PC3

Input/Output

Input or
Output

Input

Disconnected
internally

Serial Clock— Provides the serial bit rate clock for the ESSI
interface for both the transmitter and receiver in Synchronous
modes, or the transmitter only 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 (that is, 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.

Port C 3— The default configuration following reset is GPIO.
For PC3, signal direction is controlled through PRRC.

This signal is configured as SCKO or PC3 through PCRC.

This input is 5 V tolerant.

SRDO

PC4

Input

Input or
Output

Input

Disconnected
internally

Serial Receive Data— Receives serial data and transfers the
data to the ESSI receive shift register. SRDO is an input when
data is being received.

Port C 4— The default configuration following reset is GPIO.
For PC4, signal direction is controlled through PRRC.

This signal is configured as SRDO or PC4 through PCRC.

This input is 5 V tolerant.

STDO

PC5

Output

Input or
Output

Input

Disconnected
internally

Serial Transmit Data— Transmits data from the serial
transmit shift register. STDO is an output when data is being
transmitted.

Port C 5— The default configuration following reset is GPIO.
For PC5, signal direction is controlled through PRRC.

This signal is configured as STDO or PC5 through PCRC.

This input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal state.
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2.9 Enhanced Synchronous Serial Interface 1 (ESSI1)
Table 2-13. Enhanced Synchronous Serial Interface 1 (ESSI1)

Signal
Name

Type

State During?

Reset Stop

Signal Description

SC10

PDO

Input or
Output

Disconnected
internally

Input

Serial Control 0— Functions in either Synchronous or
Asynchronous mode. For Asynchronous mode, this signal is
the receive clock I/0O (Schmitt-trigger input). For Synchronous
mode, this signal is either for Transmitter 1 output or Serial 1/0
Flag 0.

Port D 0— The default configuration following reset is GPIO.
For PDO, signal direction is controlled through the Port D
Direction Register (PRRD).

This signal is configured as SC10 or PDO through the Port D
Control Register (PCRD).

This input is 5 V tolerant.

SCl11

PD1

Input/Output

Input or
Output

Disconnected
internally

Input

Serial Control 1— Functions in either Synchronous or
Asynchronous mode. For Asynchronous mode, this signal is
the receiver frame sync I/0O. For Synchronous mode, this signal
is either Transmitter 2 output or Serial I/O Flag 1.

Port D 1— The default configuration following reset is GPIO.
For PD1, signal direction is controlled through PRRD.

This signal is configured as SC11 or PD1 through PCRD.

This input is 5 V tolerant.

SC12

PD2

Input/Output

Input or
Output

Disconnected
internally

Input

Serial Control Signal 2— 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 D 2— The default configuration following reset is GPIO.
For PD2, signal direction is controlled through PRRD.

This signal is configured as SC12 or PD2 through PCRD.

This input is 5 V tolerant.
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Enhanced Synchronous Serial Interface 1 (ESSI1)

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

Signal
Name

Type

State During !

Reset

Stop

Signal Description

SCK1

PD3

Input/Output

Input or
Output

Input

Disconnected
internally

Serial Clock— Provides the serial bit rate clock for the ESSI
interface for both the transmitter and receiver in Synchronous
modes, or the transmitter only 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 (that is, 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.

Port D 3— The default configuration following reset is GPIO.
For PD3, signal direction is controlled through PRRD.

This signal is configured as SCK1 or PD3 through PCRD.

This input is 5 V tolerant.

SRD1

PD4

Input

Input or
Output

Input

Disconnected
internally

Serial Receive Data— Receives serial data and transfers the
data to the ESSI receive shift register. SRDO is an input when
data is being received.

Port D 4— The default configuration following reset is GPIO.
For PD4, signal direction is controlled through PRRD.

This signal is configured as SRD1 or PD4 through PCRD.

This input is 5 V tolerant.

STD1

PD5

Output

Input or
Output

Input

Disconnected
internally

Serial Transmit Data— Transmits data from the serial transmit
shift register. STD1 is an output when data is being
transmitted.

Port C 5— The default configuration following reset is GPIO.
For PD5, signal direction is controlled through PRRD.

This signal is configured as STD1 or PD5 through PCRD.

This input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal state.

2-18

DSP56303 User's Manual @ MOTOROLA



Serial Communication Interface (SCI)

2.10 Serial Communication Interface (SCI)

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

Table 2-14. Serial Communication Interface (SCI)

State During?

Signal . .
Name Type Signal Description
Reset Stop
RXD Input Input Disconnected Serial Receive Data— Receives byte-oriented serial data and
internally transfers it to the SCI receive shift register.
PEO Input or Port E 0— The default configuration following reset is GPIO.
Output When configured as PEO, signal direction is controlled through
the Port E Directions Register (PRRE).
This signal is configured as RXD or PEO through the Port E
Control Register (PCRE).
This input is 5 V tolerant.
TXD Output Input Disconnected Serial Transmit Data— Transmits data from SCI transmit data
internally register.
PE1 Input or Port E 1— The default configuration following reset is GPIO.
Output When configured as PEL, signal direction is controlled through
the SCI PRRE.
This signal is configured as TXD or PE1 through PCRE.
This input is 5 V tolerant.
SCLK Input/Output Input Disconnected Serial Clock— Provides the input or output clock used by the
internally transmitter and/or the receiver.
PE2 Input or Port E 2— The default configuration following reset is GPIO.
Output For PE2, signal direction is controlled through the SCI PRRE.

This signal is configured as SCLK or PE2 through PCRE.

This input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal state.
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2.11 Timers

The DSP56303 has three identical and independent timers. Each can use internal or external
clocking, interrupt the DSP56303 after a specified number of events (clocks), or signal an
external device after counting a specific number of internal events.

Table 2-15. Triple Timer Signals

) State During?!
Signal

Name

Type
Reset Stop Signal Description

TIO0 Input or Input Disconnected Timer 0 Schmitt-Trigger Input/Output—  As an external
Output internally event counter or in Measurement mode, TIOQ is input. In
Watchdog, Timer, or Pulse Modulation mode, TIOO is 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 Input Disconnected Timer 1 Schmitt-Trigger Input/Output—  As an external
Output internally event counter or in Measurement mode, TIO1 is input. In
Watchdog, Timer, or Pulse Modulation mode, TIO1 is 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.

TIO2 Input or Input Disconnected Timer 2 Schmitt-Trigger Input/Output—  As an external
Output internally event counter or in Measurement mode, TIO2 is input. In
Watchdog, Timer, or Pulse Modulation mode, TIO2 is 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 input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal state.
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2.12 JTAG/OnCE Interface
Table 2-16. JTAG/OnCE Interface

Signal Name

Type

State During

Signal Description

Reset

TCK Input Input Test Clock— A test clock signal for synchronizing JTAG test
logic.

This input is 5 V tolerant.

TDI Input Input Test Data Input— A test data serial signal 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.

TDO Output Tri-stated Test Data Output— A test data serial signal for test
instructions and data. TDO can be tri-stated. The signal is
actively driven in the shift-IR and shift-DR controller states and
changes on the falling edge of TCK.

This pin is 5 V tolerant.

TMS Input Input Test Mode Select— Sequences the test controller’s state
machine, 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— Asynchronously initializes the test controller, has
an internal pull-up resistor, and must be asserted after power
up.

This input is 5 V tolerant.
DE Input/Output Input Debug Event— Provides a way to enter Debug mode from an

external command controller (as input) or to acknowledge that
the chip has entered Debug mode (as output). When asserted
as an input, DE causes the DSP56300 core to finish the current
instruction, save the instruction pipeline information, enter
Debug mode, and wait for commands from the debug serial
input line. When a debug request or a breakpoint condition
cause the chip to enter Debug mode DE is asserted as an
output for three clock cycles. DE has an internal pull-up
resistor.

DE is not a standard part of the JTAG Test Access Port (TAP)
Controller. It connects 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 interface with the
OnCE module must occur through the JTAG port.

This input is 5 V tolerant.
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Chapter 3
Memory Configuration

Like all members of the DSP56300 core family, the DSP56303 addresses three sets of

16 M x 24-bit memory internally: program, X data, and Y data. Each of these memory spaces
includes both on-chip and external memory (accessed through the external memory
interface). The DSP56303 is extremely flexible because it has several modesto allocate
on-chip memory between the program memory and the two data memory spaces. Y ou can
also configure it to operate in a special sixteen-bit compatibility mode that allows the chip to
use DSP56000 object code without any change; this can result in higher performance of
existing code for applications that do not require alarger address space. This section provides
detailed information on each of these memory spaces.

3.1 Program Memory Space
Program memory space consists of the following:

= Internal program RAM (4 K by default)

= Instruction cache (optional, 1 K) formed from program RAM. When enabled, the
memory addresses used by the internal cache memory are switched to external
memory. The internal memory in this address range switches to cache-only mode and
is not available via direct addressing when cache is enabled. In systems using
Instruction Cache, always enable the cache (CE = 1) before |oading code into internal
program memory; this prevents the condition in which code loaded into program
memory before cache is enabled “disappears” after cache is enabled.

= Off-chip memory expansion (optional, as much as 64 K in 16-bit mode or 256 K in
24-bit mode using the 18 external address lines or 4 M using the external address lines
and the four address attribute lines). Refer tdf@56300 Family Manual, especially
Chapter 9, External Memory Interface (Port A), for details on using the external
memory interface to access external program memory.

= Bootstrap program ROM (19224-bit)

Note: Program memory space at locations $FFO0C0-$FFFFFF is reserved and should not
be accessed.
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3.1.1 Internal Program Memory

The default on-chip program memory consists of a 24-bit-wide, high-speed, SRAM
occupying the lowest 4 K (default), 3K, 2 K, or 1 K locations in program memory space,
depending on the settings of the OMR[MS] and (SR[CE]) bits. Section 4.3.2, Operating
Mode Register (OMR), on page 4-15 provides details on the MS bit. Section 4.3.1, Satus
Register (SR), on page 4-9 provides details on the CE bit. The default on-chip program RAM
isorganized in 16 bankswith 256 locations each (4 K). Setting the M S bit switches four banks
of program memory to the X data memory and an additional four banks of program memory
to the Y data memory. Setting the CE bit switches four banks of internal program memory to
the Instruction Cache and reassigns its address to external program memory. The memory
addresses for the Instruction Cache vary depending on the setting of the MS and CE hits.
Section 3.6 provides a summary of theinternal RAM configurations. Refer to the memory
maps for detailed information.

3.1.2 Memory Switch Modes—Program Memory

Memory switch mode allows reallocation of portions of program RAM to X and Y data
RAM. OMR]7] isthe memory switch (MS) bit that controls this function, as follows:

= When the MSbit is cleared, program memory consists of the default 4 K x 24-bit
memory space described in the previous section. In this default mode, the lowest
externa program memory location is $1000. If the CE bit is set, the program memory
consists of the lowest 3 K x 24-bits of memory space and the lowest external program
memory location is $0CO0.

= When the MSbit is set, the highest 2 K x 24-bit portion of the internal program
memory is switched to internal X and Y data memory. In this mode, the lowest
external program memory location is $800. If the CE bit is set and the MShit is set, the
program memory consists of the lowest 1 K x 24-hits of memory space and the lowest
external program memory location is $400.

3.1.3 Instruction Cache

In program memory space, the location of theinternal Instruction Cache (when enabled by the
CE hit) varies depending on the setting of the M S hit, as noted above. Refer to the memory
maps for detailed address information. When the instruction cache is enabled (that is, the
SR[CE] hit isset), 1 K program words switch to instruction cache and are not accessible via
addressing; the address range switches to external program memory.
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3.1.4 Program Bootstrap ROM

The program memory space occupying locations $FFO000-$FFO0BF includes the internal
bootstrap ROM. This ROM contains the 192-word DSP56303 bootstrap program.

3.2 X Data Memory Space
The X data memory space consists of the following:

= Internal X data memory (2 K by default up to 3 K)
= Internal I/O space (upper 128 locations)

= Optional off-chip memory expansion (up to 64 K in 16-bit mode, or 256 K in 24-bit
mode using the 18 external address lines, or 4 M using the external address lines and
the four address attribute lines). Refer toB856300 Family Manual, especially
Chapter 9, External Memory Interface (Port A), for details on using the external
memory interface to access external X data memory.

Note: The X memory space at $FF0000-$FFEFFF is reserved and should not be
accessed.

3.2.1 Internal X Data Memory

The default on-chip X data RAM is a 24-bit-wide, internal, static memory occupying the
lowest 2 K locations ($000—-$7FF) in X memory space. The on-chip X data RAM is organized
into 8 banks with 256 locations each. Available X data memory space is increased by 1 K
through reallocation of program memory using the memory switch mode described in the next
section.

3.2.2 Memory Switch Modes—X Data Memory

Memory switch mode reallocates portions of program RAM to X and Y datamemory. Bit 7 in
the OMR isthe M S bit that controls this function, as follows:

= When the MShit is cleared, the X data memory consists of the default 2 K x 24-bit
memory space described in the previous section. In this default mode, the lowest
external X data memory location is $800.

=  When the MShit is set, a portion of the higher locations of the internal program
memory isswitched to X and Y data memory. The X data memory in this mode
consists of a3 K x 24-bit memory space. In this mode, the lowest external X data
memory location is $COO0.
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3.2.3 Internal /0O Space—X Data Memory

One part of the on-chip peripheral registers and some of the DSP56303 core registers occupy

the top 128 locations of the X data memory ($FFFF80—-$FFFFFF). This area is referred to as
the internal X 1/0O space and it can be accessed by MOVE, MOVEP instructions and by
bit-oriented instructions (BCHG, BCLR, BSET, BTST, BRCLR, BRSET, BSCLR, BSSET,
JCLR, JSET, JSCLR and JSSET). The contents of the internal X I/O memory space are listed
in Appendix A.

3.3 Y Data Memory Space

The Y data memory space consists of the following:

= Internal Y data memory (2 K by default up to 3 K)
= External I/O space (upper 128 locations)

= Optional off-chip memory expansion (up to 64 K in 16-bit mode, or 256 K in 24-bit
mode using the 18 external address lines, or 4 M using the external address lines and
the four address attribute lines). Refer toB856300 Family Manual, especially
Chapter 9, External Memory Interface (Port A), for details on using the external
memory interface to access external Y data memory.

Note: The Y memory space at $FFO000—-$FFEFFF is reserved and should not be
accessed.

3.3.1 Internal Y Data Memory

The default on-chip Y data RAM is a 24-bit-wide, internal, static memory occupying the
lowest 2 K ($000-$7FF) of Y memory space. The on-chip Y data RAM is organized into 8
banks with 256 locations each. Available Y data memory space is increased by 1 K through
reallocation of program memory using the memory switch mode described in the next section.

3.3.2 Memory Switch Modes—Y Data Memory

Memory switch mode reallocates of portions of program RAM to X and Y datamemory. Bit 7
in the OMR isthe M S bit that controls this function, as follows:

= When the MShit is cleared, the Y data memory consists of the default 2 K x 24-bit
memory space described in the previous section. In this default mode, the lowest
external Y data memory location is $800.

= When the MShit is set, a portion of the higher locations of the internal program
memory isswitched to X and Y datamemory. TheY data memory in this mode
consists of a3 K x 24-bit memory space. In this mode, the lowest external Y data
memory location is $COO.
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3.3.3 External I/O Space—Y Data Memory

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).

3.4 Dynamic Memory Configuration Switching

Do not change the OMR[MS] bit when the SR[CE] bit is set. The Instruction Cache occupies
the top 1 K of what is otherwise Program RAM, and to switch memory into or out of Program
RAM when the cache is enabled can cause conflicts. To change the MS bit when CE is set:

1. Clear CE.

2. Change MS.
3. SetCE.

CAUTION

To ensure that dynamic switching is trouble-free, do not allow any
accesses (including instruction fetches) to or from the affected address
ranges in program and data memories during the switch cycle.

Because an interrupt could cause the DSP to fetch instructions out of sequence and might
violate the switch condition, special care should be taken in relation to the interrupt vector
routines.

CAUTION

Pay special attention when executing a memory switch routine using the
OnCE port. Running the switch routine in trace mode, for example, can
cause the switch to complete after the MS/MSW bits change while the DSP
is in Debug mode. As aresult, subsequent instructions may be fetched
according to the new memory configuration (after the switch) and thus
may execute improperly.
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3.5 Sixteen-Bit Compatibility Mode Configuration

The sixteen-bit compatibility (SC) mode allows the DSP56303 to use DSP56000 object code
without change. The SC bit (Bit 13 in the SR) is used to switch from the default 24-bit mode
to thisspecia 16-bit mode. SCiscleared by reset. Y ou must set this bit to select the SC mode.
The address ranges described in the previous sections apply in the SC mode with regard to the
reallocation of X and Y data memory to program memory in MS mode, but the maximum
addressing ranges are limited to $FFFF, and all data and program code are 16 bits wide.

3.6 RAM Configuration Summary

The RAM configurations for the DSP56303 are listed in Table 3-1.
Table 3-1. DSP56303 RAM Configurations

Bit Settings Memory Sizes (in K)
MS CE Program RAM X data RAM Y data RAM Cache
0 0 4 2 2 0
0 1 3 2 2 1
1 0 2 3 3 0
1 1 1 3 3 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
3-2.

Table 3-2. DSP56303 RAM Address Ranges by Configuration

MS CE Program RAM Location Cache Location
0 0 $000-$FFF N/A
0 1 $000-$BFF $CO0-$FFF (internal location not accessible; address range
assigned to external Program Memory)
1 0 $000-$7FF N/A
1 1 $000-$3FF $400-$7FF (internal location not accessible; addressed

assigned to external Program Memory)
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3.7 Memory Maps

Thefollowing figures describe each of the memory space and RAM configurations defined by
the settings of the SC, M S, and CE bits. The figures show the configuration and the table
describes the bit settings, memory sizes, and memory locations.

Default

Program X Data Y Data

$FFFFFF
$FFFFFF Internal I/O $FFFFFF External I/O
$FFFFS0 External $FFFFS0 External
Internal $FFF000 $FFFO00
Reserved
Internal Internal
Reserved Reserved
$FFFOCO
Bootstrap ROM

$FF0000 $FF0000 $FF0000
Ao External R o o R R
$001000 External External

Internal $000800 $000800

Program RAM
4K Internal Internal
X data RAM Y data RAM
2K 2K
$000000 $000000 $000000
Bit Settings Memory Configuration
sc | Ms | CE | Program RAM | XDataRAM | Y Data RAM Cache Addressable
Memory Size
0 0 0 4 K 2K 2K None 16 M
$000-$FFF $000-$7FF $000-$7FF
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Program X Data Y Data
$FFFFFF $FFFFFF $FFFFFF
FEFES0 Internal 1/0 . External I/O
$ External $ External
Internal $FFF000 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO Sootel ROM
ootstra
$FF0000 P $FF0000 $FF0000
o o o o o o
External External External
$000C00
Internal $000800 $000800
Internal Internal
Progrg”}l RAM X data RAM Y data RAM
2K 2K
$000000 $000000 $000000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
0 0 1 3K 2K 2K 1K 16 M
$000-$BFF $000-$7FF $000-$7FF internal not
accessible

Figure 3-2. Instruction Cache Enabled (0, 0O, 1)
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Program X Data Y Data
$FFFFFF
$FFFFFF Internal 1/0 $FFFFFF External I/O
$FFFF80 External $FFFF80 External
Internal $FFF000 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO
Bootstrap ROM
$FF0000 $FF0000 $FF0000
o o o o o o
External External External
$000C00 $000C00
$000800 Internal Internal Internal
Program RAM X daéaKRAM Y da;aKRAM
2K
$000000 $000000 $000000
Bit Settings Memory Configuration
sC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
0 1 0 2K 3K 3K None 16 M
$000-$7FF $000-$BFF $000-$BFF

@ MOTOROLA

Figure 3-3. Switched Program RAM (0, 1, 0)
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Program X Data Y Data
$FFFFFF
:;;;;';g Internal 1/0 $';';';';';g External I/O
External $ External
Internal $FFFO00 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO
Bootstrap ROM
$FF0000 $FF0000 $FF0000
o o o o o o
External External
External
$000C00 $000C00
$000400 Internal Internal
Internal X data RAM Y data RAM
Program 3K 3K
$000000 RAM 1K $000000 $000000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
0 1 1K 3K 3K 1K 16 M
$000-$3FF $000-$BFF $000-$BFF internal not
accessible

3-10

Figure 3-4. Switched Program RAM and Instruction Cache Enabled (0, 1, 1)
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Program X Data Y Data
$FFFF $FFFF Internal 1/0O SFFFF External /0O
$FF80 $FF80
External
External External
oA oA R R oA oA
$1000
Internal
Program RAM $0800 $0800
4K
Internal Internal
X data RAM Y data RAM
2K 2K
$0000 $0000 $0000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
1 0 0 4K 2K 2K None 64 K
$000-$FFF $000-$7FF $000-$7FF

@ MOTOROLA

Figure 3-5. 16-bit Space with Default RAM (1, 0, 0)
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Program X Data Y Data
$FFFF
SFFFF Internal 1/0 $FFFF External I/O
$FF80 $FF80
External External
External
N N o o N N
$0CO00
$0800 $0800
Internal Internal Internal
Program RAM X data RAM Y data RAM
3K 2K 2K
$0000 $0000 $0000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
1 0 1 3K 2K 2K 1K 64 K
$000-$BFF $000-$7FF $000-$7FF internal not
accessible

Figure 3-6. 16-bit Space with Instruction Cache Enabled (1, 0, 1)
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Program X Data Y Data
SFFFF $FFFF [intemal 10 | $FFFF External I/0
$FF80 $FFES0
External External
External
R o R R o o
$0C00 $0C00
$0800 Internal Internal
Internal X data RAM Y data RAM
Program RAM 3K 3K
2K
$0000 $0000 $0000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
1 1 0 2K 3K 3K None 64 K
$000-$7FF $000-$BFF $000-$BFF

Figure 3-7. 16-bit Space with Switched Program RAM (1, 1, 0)
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Program X Data Y Data
$FFFF FFFF
$FFFF Internal 1/0 $ External 1/0
$FF80 $FF80
External External External
R R R R R R
$0C00 $0C00
Internal Internal
$0400 X data RAM Y data RAM
Internal 3K 3K
Program
$0000 RAM 1 K $0000 $0000
Bit Settings Memory Configuration
SC | MS | CE | Program RAM | X DataRAM | Y Data RAM Cache Addressable
Memory Size
1 1 1 1K 3K 3K 1K 64 K
$000-$3FF $000-$BFF $000-$BFF internal not
accessible

Figure 3-8. 16-bit Space, Switched Program RAM, Instruction Cache Enabled
1,1,1)
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Chapter 4
Core Configuration

This chapter presents DSP56300 core configuration details specific to the DSP56303,
including:
m  Operating modes
m  Bootstrap program
m  Central Processor registers
— Status register (SR)
— Operating mode register (OMR)
m Interrupt Priority Registers (IPRC and IPRP)
m PLL control (PCTL) register
m Bus Interface Unit registers
— Bus Control Register (BCR)
— DRAM Control Register (DCR)
— Address Attribute Registers (AAR[3-0])
m DMA Control Registers 5-0 (DCR[5-0])
m Device identification register (IDR)
m JTAG identification register
m JTAG boundary scan register (BSR)

For information on specific registers or modules in the DSP56300 core, refer to the
DSP56300 Family Manual.
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Operating Modes

4.1 Operating Modes

The DSP56303 begins operation by leaving the Reset state and going into one of eight

operating modes. As the DSP56303 exits the Reset state, it |oads the values of MODA, MODB,

mMoDcC, and mopD into bits MA, MB, MC, and MD of the OMR. These bit settings determine

the chip’s operating mode, which in turn determines the bootstrap program option the chip
uses to start up. Software can also set the OMR[MA-MD] bits directly. A jump directly to the
bootstrap program entry point ($FF0000) after the OMR bits are set causes the DSP56303 to
execute the specified bootstrap program option (except modes 0 drathi@)4-1 shows the
DSP56303 bootstrap operation modes, the corresponding settings of the external operational
mode signal lines (the OMR[MA—-MD] bits), and the reset vector address to which the
DSP56303 jumps once it leaves the Reset state.

Table 4-1. DSP56303 Operating Modes

Mode | MODD | MODC | MODB | MODA Reset Description
Vector

0 0 0 0 0 $C00000 Expanded mode

Bypasses the bootstrap ROM, and the DSP56303
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 (default). Address
$C00000 is reflected as address $00000 on Port A
signals A[0-17].

1 0 0 0 1 $FF0000 Bootstrap from byte-wide memory

The bootstrap program it loads a program RAM
segment from consecutive byte-wide P memory
locations, starting at P:$D00000 (bits 7-0). The
memory is selected by the Address Attribute AAl
and is accessed with 31 wait states. The EPROM
bootstrap code expects to read 3 bytes specifying
the number of program words, 3 bytes specifying the
address to start loading the program words and then
3 bytes for each program word to be loaded. The
number of words, the starting address and the
program words are read least significant byte first
followed by the mid and then by the most significant
byte. The program words are condensed into 24-bit
words and stored in contiguous PRAM memory
locations starting at the specified starting address.
After reading the program words, program execution
starts from the same address where loading started.
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Table 4-1. DSP56303 Operating Modes (Continued)

Mode MODD

MODC

MODB

Reset

MODA Vector

Description

0 $FF0O000

Bootstrap through SCI

The DSP is configured to load the program RAM
from the SCI interface. The number of program
words to be loaded and the starting address must be
specified. The SCI bootstrap code expects to receive
3 bytes specifying the number of program words, 3
bytes specifying the address to start loading the
program words and then 3 bytes for each program
word to be loaded. The number of words, the starting
address and the program words are received least
significant byte first followed by the mid and then by
the most significant byte. After receiving the program
words, program execution starts in the same address
where loading started. The SCI is programmed to
work in asynchronous mode with 8 data bits, 1 stop
bit and no parity. The clock source is external and
the clock frequency must be 16x the baud rate. After
each byte is received, it is echoed back through the
SCI transmitter.

1 $FFO000

Reserved

0 $FF0O000

HI08 bootstrap in ISA/DSP563xx mode

The HIO8 is configured to load the program RAM
from the Host Interface programmed to operate in
the ISA mode. The HOST ISA bootstrap code
expects to read a 24-bit word specifying the number
of program words, a 24-bit word specifying the
address to start loading the program words and then
a 24-bit word for each program word to be loaded.
The program words are stored in contiguous P RAM
memory locations starting at the specified starting
address. After reading the program words, program
execution starts from the same address where
loading started. The Host Interface bootstrap load
program may be stopped by setting the Host Flag O
(HFO). This starts execution of the loaded program
from the specified starting address.
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Table 4-1. DSP56303 Operating Modes (Continued)

Mode

MODD

MODC

MODB

Reset

MODA Vector

Description

1 $FF0O000

HI08 bootstrap in HC11 nonmultiplexed mode
The bootstrap program sets the host interface to
interface with the Motorola HC11 microcontroller
through the HI08. The HOST HC11 bootstrap code
expects to read a 24-bit word specifying the number
of program words, a 24-bit word specifying the
address to start loading the program words and then
a 24-bit word for each program word to be loaded.
The program words are stored in contiguous P RAM
memory locations starting at the specified starting
address. After reading the program words, program
execution starts from the same address where
loading started. The Host Interface bootstrap load
program may be stopped by setting the Host Flag O
(HFO). This starts execution of the loaded program
from the specified starting address.

0 $FF0O000

HI08 bootstrap in 8051 multiplexed bus mode
The bootstrap program sets the host interface to
interface with the Intel 8051 bus through the HI08.
The HIO8 pin configuration is optimized for
connection to the Intel 8051 multiplexed bus, in
double-strobe pin configuration. The HOST 8051
bootstrap code expects accesses that are byte wide.
The HOST 8051 bootstrap code expects to read 3
bytes forming a 24-bit word specifying the number of
program words, 3 bytes forming a 24-bit word
specifying the address to start loading the program
words and then 3 bytes forming 24-bit words for each
program word to be loaded. The program words are
stored in contiguous PRAM memory locations
starting at the specified starting address. After
reading the program words, program execution starts
from the same address where loading started. The
Host Interface bootstrap load program may be
stopped by setting the Host Flag 0 (HFO). This starts
execution of the loaded program from the specified
starting address. The base address of the HIO8 in
multiplexed mode is $80 and is not modified by the
bootstrap code. All the address lines are enabled
and should be connected accordingly.
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Table 4-1. DSP56303 Operating Modes (Continued)

Mode

MODD

MODC

MODB

MODA

Reset
Vector

Description

$FF0O000

HI08 bootstrap in MC68302 bus mode

The bootstrap program loads the program RAM from
the Host Interface programmed to operate in the
MC68302 bus mode, in single-strobe pin
configuration. The HOST MC68302 bootstrap code
expects accesses that are byte wide. The HOST
MC68302 bootstrap code expects to read 3 bytes
forming a 24-bit word specifying the number of
program words, 3 bytes forming a 24-bit word
specifying the address to start loading the program
words and then 3 bytes forming 24-bit words for each
program word to be loaded. The program words are
stored in contiguous PRAM memory locations
starting at the specified starting address. After
reading the program words, program execution starts
from the same address where loading started. The
Host Interface bootstrap load program may be
stopped by setting the Host Flag 0 (HFO). This starts
execution of the loaded program from the specified
starting address.

$008000

Expanded mode

Bypasses the bootstrap ROM, and the DSP56303
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.

$FF0O000

Bootstrap from byte-wide memory

The bootstrap program it loads a program RAM
segment from consecutive byte-wide P memory
locations, starting at P:$D00000 (bits 7-0). The
memory is selected by the Address Attribute AAl
and is accessed with 31 wait states. The EPROM
bootstrap code expects to read 3 bytes specifying
the number of program words, 3 bytes specifying the
address to start loading the program words and then
3 bytes for each program word to be loaded. The
number of words, the starting address and the
program words are read least significant byte first
followed by the mid and then by the most significant
byte. The program words are condensed into 24-bit
words and stored in contiguous PRAM memory
locations starting at the specified starting address.
After reading the program words, program execution
starts from the same address where loading started.
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Table 4-1. DSP56303 Operating Modes (Continued)

Mode

MODD

MODC

MODB

Reset

MODA Vector

Description

0 $FF0000

Bootstrap through SCI

The DSP is configured to load the program RAM
from the SCl interface. The number of program
words to be loaded and the starting address must be
specified. The SCI bootstrap code expects to receive
3 bytes specifying the number of program words, 3
bytes specifying the address to start loading the
program words and then 3 bytes for each program
word to be loaded. The number of words, the starting
address and the program words are received least
significant byte first followed by the mid and then by
the most significant byte. After receiving the program
words, program execution starts in the same address
where loading started. The SCI is programmed to
work in asynchronous mode with 8 data bits, 1 stop
bit and no parity. The clock source is external and
the clock frequency must be 16x the baud rate. After
each byte is received, it is echoed back through the
SCI transmitter.

1 $FFO000

Reserved

0 $FF0O000

HI08 bootstrap in ISA/DSP563xx mode

The HIO8 is configured to load the program RAM
from the Host Interface programmed to operate in
the ISA mode. The HOST ISA bootstrap code
expects to read a 24-bit word specifying the number
of program words, a 24-bit word specifying the
address to start loading the program words and then
a 24-bit word for each program word to be loaded.
The program words are stored in contiguous P RAM
memory locations starting at the specified starting
address. After reading the program words, program
execution starts from the same address where
loading started. The Host Interface bootstrap load
program may be stopped by setting the Host Flag O
(HFO). This starts execution of the loaded program
from the specified starting address.
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Table 4-1. DSP56303 Operating Modes (Continued)

Reset

Mode MODD MODC MODB MODA
Vector

Description

D 1 1 0 1 $FF0O000

HI08 bootstrap in HC11 nonmultiplexed mode
The bootstrap program sets the host interface to
interface with the Motorola HC11 microcontroller
through the HI08. The HOST HC11 bootstrap code
expects to read a 24-bit word specifying the number
of program words, a 24-bit word specifying the
address to start loading the program words and then
a 24-bit word for each program word to be loaded.
The program words are stored in contiguous PRAM
memory locations starting at the specified starting
address. After reading the program words, program
execution starts from the same address where
loading started. The Host Interface bootstrap load
program may be stopped by setting the Host Flag O
(HFO). This starts execution of the loaded program
from the specified starting address.

E 1 1 1 0 $FF0O000

HI08 bootstrap in 8051 multiplexed bus mode
The bootstrap program sets the host interface to
interface with the Intel 8051 bus through the HI08.
The HIO8 pin configuration is optimized for
connection to the Intel 8051 multiplexed bus, in
double-strobe pin configuration. The HOST 8051
bootstrap code expects accesses that are byte wide.
The HOST 8051 bootstrap code expects to read 3
bytes forming a 24-bit word specifying the number of
program words, 3 bytes forming a 24-bit word
specifying the address to start loading the program
words and then 3 bytes forming 24-bit words for each
program word to be loaded. The program words are
stored in contiguous PRAM memory locations
starting at the specified starting address. After
reading the program words, program execution starts
from the same address where loading started. The
Host Interface bootstrap load program may be
stopped by setting the Host Flag 0 (HFO). This starts
execution of the loaded program from the specified
starting address. The base address of the HIO8 in
multiplexed mode is 0x80 and is not modified by the
bootstrap code. All the address lines are enabled
and should be connected accordingly.
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Table 4-1. DSP56303 Operating Modes (Continued)

Mode | MODD | MODC | MODB | MODA Reset Description
Vector

F 1 1 1 1 $FF0000 HI08 bootstrap in MC68302 bus mode

The bootstrap program loads the program RAM from
the Host Interface programmed to operate in the
MC68302 bus mode, in single-strobe pin
configuration. The HOST MC68302 bootstrap code
expects accesses that are byte wide. The HOST
MC68302 bootstrap code expects to read 3 bytes
forming a 24-bit word specifying the number of
program words, 3 bytes forming a 24-bit word
specifying the address to start loading the program
words and then 3 bytes forming 24-bit words for each
program word to be loaded. The program words are
stored in contiguous PRAM memory locations
starting at the specified starting address. After
reading the program words, program execution starts
from the same address where loading started. The
Host Interface bootstrap load program may be
stopped by setting the Host Flag 0 (HFO). This starts
execution of the loaded program from the specified
starting address.

4.2 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 $FF0000-$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.

Upon exit from the Reset state, the DSP56303 samplestive-MoDD signal lines and loads
their values into OMR[MA-MD]. The mode input signalgopAa—moDD) and the resulting
MA, MB, MC, and MD bits determine which bootstrap mode the DSP56303 enters (see
Table 4-1).

Note: To stop the bootstrap in any HIO8 bootstrap mode, set the Host Flag 0 (HFO). The
loaded user program begins executing from the specified starting address.

You can invoke the bootstrap program options (except modes 0 and 8) at any time by writing
the appropriate values to the MA, MB, MC, and MD bits in the OMR and jumping to the
bootstrap program entry point, $FF0000. Software can set the mode selection bits directly in
the OMR. Bootstrap modes 0 and 8 are the normal DSP56303 functioning modes. The other
bootstrap modes select different specific bootstrap loading source devices. Refeeridix

A for detailed information about the bootstrap program.
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In these modes, the bootstrap program expects the following data sequence when
downloading the user program through an external port:

1.
2.

3.

Note:

Three bytes that specify the number of (24-bit) program words to |oad

Three bytes that specify the (24-bit) start address where the user program loads in the
DSP56303 program memory

The user program (three bytes for each 24-bit program word)

The three bytes for each data sequence are |oaded |east significant byte first.

When the bootstrap program finishes loading the specified number of words, it jumpsto the
specified starting address and executes the |loaded program.

4.3 Central Processor Unit (CPU) Registers

There are two CPU registers that must be configured to initialize operation. The Status
Register (SR) selects various arithmetic processing protocols and contains several status
reporting flag bits. The Operating Mode Register (OMR) configures several system operating
modes and characteristics.

4.3.1 Status Register (SR)

The Status Register (SR) (Figure) isa24-bit register that indicates the current system state of
the processor and the results of previous arithmetic computations. The SR is pushed onto the
system stack when program looping isinitialized or a JSR is performed, including long
interrupts. The SR consists of the following three special-purpose 8-bit control registers:

Extended Mode Register (EMR) (SR[23-16]) and Mode Register (MR) (SR[15-8])
—These special-purpose registers define the current system state of the processor. The
bits in both registers are affected by hardware reset, exception processing, ENDDO
(end current DO loop) instructions, RTI (return from interrupt) instructions, and TRAP
instructions. In addition, the EMR bits are affected by instructions that specify SR as
their destination (for example, DO FOREVER instructions, BRKcc instructions, and
MOVEC). During hardware reset, all EMR bits are cleared. The MR register bits are
affected by DO instructions, and instructions that directly reference the MR (for
example, ANDI, ORI, or instructions, such as MOVEC, that specify SR as the
destination). During processor reset, the interrupt mask bits are set and all other bits are
cleared.

Condition Code Register (CCR) (SR[7-0])—Defines the results of previous arithmetic
computations. The CCR bits are affected by Data Arithmetic Logic Unit (Data ALU)
operations, parallel move operations, instructions that directly reference the CCR (for
example, ORI and ANDI), and instructions that specify SR as a destination (for
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example, MOVEC). Parallel move operations affect only the S and L bits of the CCR.
During processor reset, al CCR bits are cleared.

m  The definition of the three 8-bit registers within the SR is primarily for the purpose of
compatibility with other Motorola DSPs. Bit definitions in the following paragraphs
identify the bits within the SR and not within the subregister.

Extended Mode Register (EMR) I

Mode Register (MR) I Condition Code Register (CCR)

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O

CP[1-0] |[RM | SM | CE |

\SA\FV|LF\DM\SC|

sp0 | p-o] [s| L E/u/NZ]V]C

Reset:

[t]t]ofofoJofoJoJofoJoJofJoJoJtf1fojofoJoJofoJo]o

|:| Reserved bit. Read as zero; write to zero for future compatibility

Figure 4-1. Status Register (SR)

Table 4-2. Status Register Bit Definitions

Bit Number Bit Name Reset Value Description
23-22 CP[1-0] 1 Core Priority
Under control of the CDP[1-0] bits in the OMR, the CP bits specify the
priority of core accesses to external memory. These bits are compared
against the priority bits of the active DMA channel. If the core priority is
greater than the DMA priority, the DMA waits for a free time slot on the
external bus. If the core priority is less than the DMA priority, the core waits
for a free time slot on the external bus. If the core priority equals the DMA
priority, the core and DMA access the external bus in a round robin pattern
(for example, ... P, X, Y, DMA, P, X, Y, ...).
Priority Core DMA OMR
Mode | Priority | Priority | (CDP[1-0]) SR (CP[1-0))
Dynamic 0 Determined 00 00
(Lowest) | by DCRn
1 (DPR[1-0]) 00 01
2 for active 00 10
3 DMA 00 11
(Highest) | channel
Static core < DMA 01 XX
core = DMA 10 XX
core > DMA 11 XX
21 RM 0 Rounding Mode
Selects the type of rounding performed by the Data ALU during arithmetic
operations. If RM is cleared, convergent rounding is selected. If RM is set,
two’s-complement rounding is selected.
20 SM 0 Arithmetic Saturation Mode
Selects automatic saturation on 48 bits for the results going to the
accumulator. This saturation is performed by a special circuit inside the
MAC unit. The purpose of this bit is to provide an Arithmetic Saturation
mode for algorithms that do not recognize or cannot take advantage of the
extension accumulator.
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Table 4-2. Status Register Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

19

CE

0

Cache Enable

Enables/disables the instruction cache controller. If CE is set, the cache is
enabled, and instructions are cached into and fetched from the internal
Program RAM. If CE is cleared, the cache is disabled and the DSP56300
core fetches instructions from external or internal program memory,
according to the memory space table of the specific DSP56300 core-based
device.

NOTE: To ensure proper operation, do not clear Cache Enable mode while
Burst mode is enabled (OMR[BE] is set).

18

Reserved. Write to zero for future compatibility.

17

SA

Sixteen-Bit Arithmetic Mode

Affects data width functionality, enabling the Sixteen-bit Arithmetic mode of
operation. When SA is set, the core uses 16-bit operations instead of 24-bit
operations. In this mode, 16-bit data is right-aligned in the 24-bit memory
locations, registers, and 24-bit register portions. Shifting, limiting, rounding,
arithmetic instructions, and moves are performed accordingly. For details
on Sixteen-Bit Arithmetic mode, consult the DSP56300 Family Manual.

16

FV

DO FOREVER Flag

Set when a DO FOREVER loop executes. The FV flag, like the LF flag, is
restored from the stack when a DO FOREVER loop terminates. Stacking
and restoring the FV flag when initiating and exiting a DO FOREVER loop,
respectively, allow program loops to be nested. When returning from the
long interrupt with an RTI instruction, the system stack is pulled and the
value of the FV bit is restored.

15

LF

Do Loop Flag

When a program loop is in progress, enables the detection of the end of the
loop. The LF is restored from stack when a program loop terminates.
Stacking and restoring the LF when initiating and exiting a program loop,
respectively, allow program loops to be nested. When returning from the
long interrupt with an RTI instruction, the System Stack is pulled and the LF
bit value is restored.
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Table 4-2. Status Register Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

14

DM

0

Double-Precision Multiply Mode

Enables four multiply/MAC operations to implement a double-precision
algorithm that multiplies two 48-bit operands with a 96-bit result. Clearing
the DM bit disables the mode.

NOTE: The Double-Precision Multiply mode is supported to maintain object
code compatibility with devices in the DSP56000 family. For a more
efficient way of executing double precision multiply, refer to the chapter on
the Data Arithmetic Logic Unit in the DSP56300 Family Manual.

In Double-Precision Multiply mode, the behavior of the four specific
operations listed in the double-precision algorithm is modified. Therefore,
do not use these operations (with those specific register combinations) in
Double-Precision Multiply mode for any purpose other than the double
precision multiply algorithm. All other Data ALU operations (or the four
listed operations, but with other register combinations) can be used.

The double-precision multiply algorithm uses the YO Register at all stages.
Therefore, do not change YO when running the double-precision multiply
algorithm. If the Data ALU must be used in an interrupt service routine, YO
should be saved with other Data ALU registers to be used and restored
before the interrupt routine terminates.

13

SC

Sixteen-Bit Compatibility Mode

Affects addressing functionality, enabling full compatibility with object code
written for the DSP56000 family. When SC is set, MOVE operations to/from
any of the following PCU registers clear the eight MSBs of the destination:
LA, LC, SP, SSL, SSH, EP, SZ, VBA and SC. If the source is either the SR
or OMR, then the eight MSBs of the destination are also cleared. If the
destination is either the SR or OMR, then the eight MSBs of the destination
are left unchanged. To change the value of one of the eight MSBs of the SR
or OMR, clear SC.

SC also affects the contents of the Loop Counter Register. If SC is cleared
(normal operation), then a loop count value of zero causes the loop body to
be skipped, and a loop count value of $FFFFFF causes the loop to execute
the maximum number of 224 — 1 times. If the SC bit is set, a loop count
value of zero causes the loop to execute 218 times, and a loop count value
of $FFFFFF causes the loop to execute 216 — 1 times.

NOTE: Due to pipelining, a change in the SC bit takes effect only after three
instruction cycles. Insert three NOP instructions after the instruction that
changes the value of this bit to ensure proper operation.

12

Reserved. Write to 0 for future compatibility.
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Table 4-2. Status Register Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

11-10

S[1-0]

0

Scaling Mode

Specify the scaling to be performed in the Data ALU shifter/limiter and the
rounding position in the Data ALU MAC unit. The Shifter/limiter Scaling
mode affects data read from the A or B accumulator registers out to the
X-data bus (XDB) and Y-data bus (YDB). Different scaling modes can be
used with the same program code to allow dynamic scaling. One
application of dynamic scaling is to facilitate block floating-point arithmetic.
The scaling mode also affects the MAC rounding position to maintain
proper rounding when different portions of the accumulator registers are
read out to the XDB and YDB. Scaling mode bits are cleared at the start of
a long Interrupt Service Routine and during a hardware reset.

Scaling

S1 SO Mode

Rounding Bit SEquation

0 0 No scaling 23 S = (A46 XOR A45)
OR (B46 XOR B45)

OR S (previous)

Scale down 24 S = (A47 XOR A46)
OR (B47 XOR B46)

OR S (previous)

Scale up 22 S = (A45 XOR A44)
OR (B45 XOR B44)

OR S (previous)

1 1 Reserved — S undefined

I[1-0]

11

Interrupt Mask

Reflect the current Interrupt Priority Level (IPL) of the processor and
indicate the IPL needed for an interrupt source to interrupt the processor.
The current IPL of the processor can be changed under software control.
The interrupt mask bits are set during hardware reset, but not during
software reset.

Exceptions

Priority 11 10 Permitted

Exceptions Masked

Lowest IPLO,1,2,3 |[None

IPLO

IPL 2,3 IPLO, 1

0 0
0 1 IPL1,2,3
1 0
1 1

Highest IPL3 IPLO, 1,2

Scaling

Set when a result moves from accumulator A or B to the XDB or YDB buses
(during an accumulator to memory or accumulator to register move) and
remains set until explicitly cleared; that is, the S bit is a sticky bit. The
logical equations of this bit are dependent on the Scaling mode. The scaling
bitis set if the absolute value in the accumulator, before scaling, is > 0.25 or
<0.75.
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Table 4-2. Status Register Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

6

L

0

Limit

Set if the overflow bit is set or if the data shifter/limiter circuits perform a
limiting operation. In Arithmetic Saturation mode, the L bit is also set when
an arithmetic saturation occurs in the Data ALU result; otherwise, it is not
affected. The L bit is cleared only by a processor reset or by an instruction
that specifically clears it (that is, a sticky bit); this allows the L bit to be used
as a latching overflow bit. The L bit is affected by data movement
operations that read the A or B accumulator registers.

Extension

Cleared if all the bits of the integer portion of the 56-bit result are all ones or
all zeros; otherwise, this bit is set. The Scaling mode defines the integer
portion. If the E bit is cleared, then the low-order fraction portion contains all
the significant bits; the high-order integer portion is sign extension. In this
case, the accumulator extension register can be ignored. If the E bit is set, it
indicates that the accumulator extension register is in use.

S SO Scaling Mode Integer Portion

No scaling Bits 55-47

Scale down Bits 55-48

0
0
1 Scale up Bits 5-46

P O | |O

1 Reserved Undefined

Unnormalized

Set if the two MSBs of the Most Significant Portion (MSP) of the result are
identical; otherwise, this bit is cleared. The MSP portion of the A or B
accumulators is defined by the Scaling mode.

S SO Scaling Mode Integer Portion

No scaling U = (Bit 47 XOR Bit 46)

Scale down U = (Bit 48 XOR Bit 47)

Scale up U = (Bit 46 XOR Bit 45)

0
0
1
1

R O| | O

Reserved U undefined

Negative
Set if the MSB of the result is set; otherwise, this bit is cleared.

Zero
Set if the result equals zero; otherwise, this bit is cleared.

Overflow

Set if an arithmetic overflow occurs in the 56-bit result; otherwise, this bit is
cleared. V indicates that the result cannot be represented in the
accumulator register (that is, the register overflowed). In Arithmetic
Saturation mode, an arithmetic overflow occurs if the Data ALU result is not
representable in the accumulator without the extension part (that is, 48-bit
accumulator or the 32-bit accumulator in Arithmetic Sixteen-bit mode).

Carry

Set if a carry is generated by the MSB resulting from an addition operation.
This bit is also set if a borrow is generated in a subtraction operation;
otherwise, this bit is cleared. The carry or borrow is generated from Bit 55 of
the result. The C bit is also affected by bit manipulation, rotate, and shift
instructions.
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4.3.2 Operating Mode Register (OMR)

The OMR is aread/write register divided into three byte-sized units. The lowest two bytes
(EOM and COM) control the chip’s operating mode. The high byte (SCS) controls and
monitors the stack extension. The OMR control bits are showigure 4-2.

Stack Control/Status (SCS) I Extended Operating Mode (EOM) I Chip Operating Mode (COM)

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
PEN‘MSW[l—O]‘SEN ‘WRP‘EOV‘EUN‘XYSIATE‘APD‘ABE‘BRT‘TAS‘ BE ‘CDP[l—O]I MS ‘ SD | ‘EBD‘ MD ‘ MC ‘ MB ‘ MA
Reset:
l[oJofofoJoJofofJoJoJoJoJoJoJofa[ar]Jofofofof[~*[~*[~]~]
*  After reset, these bits reflect the corresponding value of the mode input (that is, MODD, MODC, MODB, or MODA,

respectively).

|:’ Reserved bit. Read as zero; write to zero for future compatibility

Figure 4-2. Operating Mode Register (OMR)

The Enhanced Operating Mode (EOM) and Chip Operating Mode (COM) bytes are affected
only by processor reset and by instructions directly referencing the OMR (that is, ANDI, ORI,

and other instructions, such as MOVEC, that specify OMR as a destination). The Stack

Control/Status (SCS) byte is referenced implicitly by some instructions, such as DO, JSR, and
RTI, or directly by the MOVEC instruction. During processor reset, the chip operating mode
bits (MD, MC, MB, and MA) are loaded from the external mode select pins MODD, MODC,

MODB, and MODA respectivelyl able 4-3 defines the DSP56303 OMR bits.

Table 4-3. Operating Mode Register (OMR) Bit Definitions

Bit Number Bit Name Reset Value Description
23-21 0 Reserved. Write to 0 for future compatibility.
20 SEN 0 Stack Extension Enable
Enables/disables the stack extension in data memory. If the SEN bit is set,
the extension is enabled. Hardware reset clears this bit, so the default out
of reset is a disabled stack extension.
19 WRP 0 Stack Extension Wrap Flag

Set when copying from the on-chip hardware stack (System Stack
Register file) to the stack extension memory begins. You can use this flag
during the debugging phase of the software development to evaluate and
increase the speed of software-implemented algorithms. The WRP flag is
a sticky bit (that is, cleared only by hardware reset or by an explicit
MOVEC operation to the OMR).
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Table 4-3. Operating Mode Register (OMR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

18

EOV

0

Stack Extension Overflow Flag

Set when a stack overflow occurs in Stack Extended mode. Extended
stack overflow is recognized when a push operation is requested while SP
= SZ (Stack Size register), and the Extended mode is enabled by the SEN
bit. The EQV flag is a sticky bit (that is, cleared only by hardware reset or
by an explicit MOVEC operation to the OMR). The transition of the EQV
flag from zero to one causes a Priority Level 3 (Non-maskable) stack error
exception.

17

EUN

Stack Extension Underflow Flag

Set when a stack underflow occurs in Extended Stack mode. Extended
stack underflow is recognized when a pull operation is requested, SP = 0,
and the SEN bit enables Extended mode. The EUN flag is a sticky bit (that
is, cleared only by hardware reset or by an explicit MOVEC operation to
the OMR). Transition of the EUN flag from zero to one causes a Priority
Level 3 (Non-maskable) stack error exception.

NOTE: While the chip is in Extended Stack mode, the UF bit in the SP
acts like a normal counter bit.

16

XYS

Stack Extension XY Select

Determines whether the stack extension is mapped onto X or Y memory
space. If the bit is clear, then the stack extension is mapped onto the X
memory space. If the XYS bit is set, the stack extension is mapped to the
Y memory space.

15

ATE

Address Trace Enable

When set, the Address Trace Enable (ATE) bit enables Address Trace
mode. The Address Trace mode is a debugging tool that reflects internal
memory accesses at the external bus address.

14

APD

Address Attribute Priority Disable

Disables the priority assigned to the Address Attribute signals (AA[0-3]).
When APD = 0 (default setting), the four Address Attribute signals each
have a certain priority: AA3 has the highest priority, AAO has the lowest
priority. Therefore, only one AA signal can be active at one time. This
allows continuous partitioning of external memory; however, certain
functions, such as using the AA signals as additional address lines,
require the use of additional interface hardware. When APD is set, the
priority mechanism is disabled, allowing more than one AA signal to be
active simultaneously. Therefore, the AA signals can be used as
additional address lines without the need for additional interface
hardware. For details on the Address Attribute Registers, see Section
4.6.3, Address Attribute Registers (AAR[0-3]), on page 4-30.

13

ABE

Asynchronous Bus Arbitration Enable - L
Eliminates the setup and hold time requirements for BB and BG, and
substitutes a required non-overlap interval between the deassertion of one
BG input to a DSP56300 family device and the assertion of a second BG
input to a second DSP56300 family device on the same bus. When the
ABE bit is set, the BG and BB inputs are synchronized. This
synchronization causes a delay between a change in BG or BB until this
change is actually accepted by the receiving device.
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Table 4-3. Operating Mode Register (OMR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

12

BRT

0

Bus Release Timing

Selects between fast or slow bus release. If BRT is cleared, a Fast Bus
Release mode is selected (that is, no additional cycles are added to the
access and BB is not guaranteed to be the last Port A pin that is tri-stated
at the end of the access). If BRT is set, a Slow Bus Release mode is
selected (that is, an additional cycle is added to the access, and BB is the
last Port A pin that is tri-stated at the end of the access).

11

TAS

TA Synchronize Select o

Selects the synchronization method for the input Port A pin—TA (Transfer
Acknowledge). If TAS is cleared, you are responsible for asserting the TA
pin in synchrony with the chip clock, as described in the technical data
sheet. If TAS is set, the TA input pin is synchronized inside the chip, thus
eliminating the need for an off-chip synchronizer. Note that the TAS bit
has no effect when the TA pin is deasserted: you are responsible for
deasserting the TA pin in synchrony with the chip clock, regardless of the
value of TAS.

10

BE

Cache Burst Mode Enable

Enables/disables Burst mode in the memory expansion port during an
instruction cache miss. If the bit is cleared, Burst mode is disabled and
only one program word is fetched from the external memory when an
instruction cache miss condition is detected. If the bit is set, Burst mode is
enabled, and up to four program words are fetched from the external
memory when an instruction cache miss is detected.

9-8

CDP[1-0]

11

Core-DMA Priority
Specify the priority of core and DMA accesses to the external bus.

00 Determined by comparing status register CP[1-0] to the
active DMA channel priority

01 DMA accesses have higher priority than core accesses

10 DMA accesses have the same priority as the core accesses

11 DMA accesses have lower priority than the core accesses

MS

Memory Switch Mode

Allows some internal data memory (X, Y, or both) to become part of the
chip internal Program RAM.

Notes:

1. Program data placed in the Program RAM/Instruction Cache area
changes its placement after the OMR[MS] bit is set (that is, the
Instruction Cache always uses the lowest internal Program RAM
addresses).

2. To ensure proper operation, place six NOP instructions after the
instruction that changes the MS bit.

3. To ensure proper operation, do not set the MS bit while the
Instruction Cache is enabled (SR[CE] bit is set).
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Configuring Interrupts

Table 4-3. Operating Mode Register (OMR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

6 SD 0 Stop Delay Mode

Determines the length of the delay invoked when the core exits the Stop
state. The STOP instruction suspends core processing indefinitely until a
defined event occurs to restart it. If SD is cleared, a 128K clock cycle
delay is invoked before a STOP instruction cycle continues. However, if
SD is set, the delay before the instruction cycle continues is 16 clock
cycles. The long delay allows a clock stabilization period for the internal
clock to begin oscillating and to stabilize. When a stable external clock is
used, the shorter delay allows faster start-up of the DSP56300 core.

5 0 Reserved. Write to zero for future compatibility.

4 EBD 0 External Bus Disable

Disables the external bus controller to reduce power consumption when
external memories are not used. When EBD is set, the external bus
controller is disabled and external memory cannot be accessed. When
EBD is cleared, the external bus controller is enabled and external access
can be performed. Hardware reset clears the EBD bit.

3-0 MD-MA * Chip Operating Mode

Indicate the operating mode of the DSP56300 core. On hardware reset,
these bits are loaded from the external mode select pins, MODD, MODC,
MODB, and MODA, respectively. After the DSP56300 core leaves the
Reset state, MD—MA can be changed under program control.

* The MD-MA bits reflect the corresponding value of the mode input (that is, MODD-MODA), respectively.

4.4 Configuring Interrupts

DSP56303 interrupt handling, like that for all DSP56300 family members, is optimized for
DSP applications. Refer to the sections describing interruptsin Chapter 2, Core Architecture
Overview, in the DSP56300 Family Manual. Two registers are used to configure the interrupt
characteristics:

m Interrupt Priority Register-Core (IPRC)—Programmed to configure the priority levels
for the core DMA interrupts and the external interrupt lines as well as the interrupt line
trigger modes

m Interrupt Priority Register-Peripherals (IPRP)—Programmed to configure the priority
levels for the interrupts used with the on-chip peripheral devices

The interrupt table resides in the 256 locations of program memory to which the PCU vector
base address (VBA) register points. These locations store the starting instructions of the
interrupt handler for each specified interrupt. The memory is programmed by the bootstrap
program at startup.
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4.4.1 Interrupt Priority Registers (IPRC and IPRP)

There are two interrupt priority registersin the DSP56303. The IPRC (Figure 4-3) is
dedicated to DSP56300 core interrupt sources, and IPRP (Figure 4-4) is dedicated to
DSP56303 peripheral interrupt sources.

23 22 21 20 19 18 17 16 15 14 13 12
|D5|_1 | D5LO|D4L1|D4LO| D3Ll| D3LO| D2L1| D2|_o| D1L1| D1L0| DOL1| DOLO|

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

11 10 9 8 7 6 5 4 3 2 1 0
[ ioL2| ioLaf ibrof ic2 | icLa [ icto | B2 | 1BLa | 1BLO [ 1AL2 [ 1AL | 1ALO |

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

IRQD mode

Figure 4-3. Interrupt Priority Register-Core (IPRC) (X:$FFFFFF)

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

reserved

1 10 9 8 7 6 5 4 3 2 1 0
| | | TOL1 | TOLO | SCL1| SCLOl SiL1 |SlLO | SOL1| SOLO | HPL1| HPLO|

HI08 IPL

ESSIO IPL

ESSI1 IPL

SCI IPL

TRIPLE TIMER IPL
reserved

I:l Reserved bit; read as zero; should be written with zero for future compatibility

Figure 4-4. Interrupt Priority Register-Peripherals (IPRP) (X:$3FFFFFE)
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Configuring Interrupts

The DSP56303 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 O is the lowest
priority; Level 3 is the highest-level priority and is non-maskabé#ile 4-4 defines the IPL
bits.

Table 4-4. Interrupt Priority Level Bits

IPL bits
Interrupts Enabled Interrupts Masked Interrupt Priority Level
xxL1 xXLO
0 0 No — 0
0 1 Yes 0 1
1 0 Yes 0,1 2
1 1 Yes 0,1,2 3

The IPRC also selects the trigger mode of the external interreQisHRQD). If the value of
the IXL2 bit is O, the interrupt mode is level-triggered. If the value is 1, the interrupt mode is
negative-edge-triggered.

4.4.2 Interrupt Table Memory Map

Each interrupt is allocated two instructions in the interrupt table, resulting in 128 table entries
for interrupt handlingT able 4-5 shows the table entry address for each interrupt source. The
DSP56303 initialization program loads the table entry for each interrupt serviced with two
interrupt servicing instructions. In the DSP56303, only some of the 128 vector addresses are
used for specific interrupt sources. The remaining interrupt vectors are reserved and can be
used for hostimi (IPL = 3) or for host command interrupt (IPL = 2). Unused interrupt vector
locations can be used for program or data storage.

Table 4-5. Interrupt Sources

Interrupt Prilcr)]:iet;/rtgt/el
Starting Address Range Interrupt Source
VBA:$00 3 Hardware RESET
VBA:$02 3 Stack error
VBA:$04 3 llegal instruction
VBA:$06 3 Debug request interrupt
VBA:$08 3 Trap
VBA:$0A 3 Nonmaskable interrupt (W)
VBA:$0C 3 Reserved
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Configuring Interrupts

Table 4-5. Interrupt Sources (Continued)

nterrupt | oo
Starting Address Range Interrupt Source
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 ESSIO 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
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Configuring Interrupts

Table 4-5. Interrupt Sources (Continued)

T
Starting Address Range Interrupt Source
VBA:$50 0-2 SCl receive data
VBA:$52 0-2 SCI receive data with exception status
VBA:$54 0-2 SClI transmit data
VBA:$56 0-2 SClidle line
VBA:$58 0-2 SClI 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

4.4.3 Processing Interrupt Source Priorities Within an IPL

If more than one interrupt request is pending when an instruction executes, the interrupt
source with the highest IPL is serviced first. When several interrupt requests with the same
IPL are pending, another fixed-priority structure within that IPL determines which interrupt
sourceis serviced first. Table 4-6 shows this fixed-priority list of interrupt sources within an
IPL, from highest to lowest at each level The interrupt mask bits in the Status Register
(I[1-0]) can be programmed to ignore low priority-level interrupt requests.

Table 4-6. Interrupt Source Priorities Within an IPL

Priority Interrupt Source

Level 3 (nonmaskable)

Highest Hardware RESET

Stack error

lllegal instruction

Debug request interrupt

Trap

Lowest Nonmaskable interrupt
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Table 4-6. Interrupt Source Priorities Within an IPL (Continued)

Priority Interrupt Source

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

ESSIO RX data with exception interrupt

ESSIO RX data interrupt

ESSIO receive last slot interrupt

ESSIO 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

SCl receive data

SCI transmit data
SCl idle line

SCI timer

TIMERO overflow interrupt

TIMERO compare interrupt

TIMER1 overflow interrupt

TIMER1 compare interrupt
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PLL Control Register (PCTL)

Table 4-6. Interrupt Source Priorities Within an IPL (Continued)

Priority Interrupt Source

TIMER2 overflow interrupt

Lowest TIMER2 compare interrupt

4.5 PLL Control Register (PCTL)

The bootstrap program must initialize the system Phase-Lock Loop (PLL) circuit by
configuring the PLL Control Register (PCTL). The PCTL isan X-1/0O mapped, read/write
register that directs the on-chip PLL operation. (See Figure 4-5.)

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

‘ PD3 ‘ PD2 ‘ PD1 ‘ PDO ‘ coD ‘ PEN ‘PSTP ‘ XTLD ‘ XTLR‘ DF2 ‘ DF1 ‘ DFO ‘

11 10 9 8 7 6 5 4 3 2 1 0

‘MFll ‘ MFlO‘ MF9 ‘ MF8 ‘ MF7 ‘ MF6 ‘ MF5 ‘ MF4 ‘ MF3 ‘ MF2 ‘ MF1 ‘ MFO ‘
Figure 4-5. PLL Control Register (PCTL)

Table 4-7 defines the DSP56303 PCTL bits. Changing the following bits may cause the PLL
to lose lock and re-lock according to the new value: PD[3-0], PEN, XTLR, and MF.

Table 4-7. PLL Control Register (PCTL) Bit Definitions

Bit Number | Bit Name Reset Value Description

23-20 PD[3-0] 0 Predivider Factor

Define the predivision factor (PDF) to be applied to the PLL input frequency.
The PD[3-0] bits are cleared during DSP56303 hardware reset, which
corresponds to a PDF of one.

19 COD 0 Clock Output Disable

Controls the output buffer of the clock at the CLKOUT pin. When COD is set,
the CLKOUT output is pulled high. When COD is cleared, the CLKOUT pin
provides a 50 percent duty cycle clock.

18 PEN Setto PINIT |PLL Enable
input value | Enables PLL operation.

17 PSTP 0 PLL Stop State
Controls PLL and on-chip crystal oscillator behavior during the stop
processing state.

16 XTLD 0 XTAL Disable

Controls the on-chip crystal oscillator XTAL output. The XTLD bit is cleared
during DSP56303 hardware reset, so the XTAL output signal is active,
permitting normal operation of the crystal oscillator.

15 XTLR 0 Crystal Range
Controls the on-chip crystal oscillator transconductance. The XTLR bit is
cleared (0) during hardware reset in the DSP56303.
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Table 4-7. PLL Control Register (PCTL) Bit Definitions (Continued)

Bit Number | Bit Name Reset Value Description

14-12 DF[2-0] 0 Division Factor
Define the DF of the low-power divider. These bits specify the DF as a power
of two in the range from 2%9t0 2.

11-0 MF[11-0] 0 PLL Multiplication Factor

Define the multiplication factor that is applied to the PLL input frequency. The
MF bits are cleared during DSP56303 hardware reset and thus correspond to
an MF of one.

4.6 Bus Interface Unit (BIU) Registers

The three Bus Interface Unit (BIU) registers configure the external memory expansion port
(Port A). They include the following:

m BusControl Register (BCR)
m DRAM Control Register (DCR)
m Address Attribute Registers (AAR[3-0])

To use Port A correctly, configure these registers as part of the bootstrap process. The
following subsections describe these registers.

4.6.1 Bus Control Register

The Bus Control Register (BCR), depicted in Figure 4-6, is aread/write register that controls
the external bus activity and Bus Interface Unit (BIU) operation. All BCR bits except bit 21,
BBS, are read/write bits. The BCR bits are defined in Table 4-8.

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

BRH BLH BBS |BDFW4|BDFW3|BDFW2 |BDFW1 | BDFWO | BA3W2 | BA3W1 | BASWO | BA2W2

11 10 9 8 7 6 5 4 3 2 1 0

BA2W1 | BA2WO | BA1W4 | BA1W3 | BA1W2 | BA1W1 | BA1WO | BAOW4 | BAOW3 | BAOW2 | BAOW1 | BAOWO

Figure 4-6. Bus Control Register (BCR)
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Table 4-8.

Bus Control Register (BCR) Bit Definitions

Bit
Number

Bit Name

Reset Value

Description

23

BRH

Bus Request Hold

Asserts the BR signal, even if no external access is needed. When BRH is set, the
BR signal is always asserted. If BRH is cleared, the BR is asserted only if an
external access is attempted or pending.

22

BLH

Bus Lock Hold

Asserts the BL signal, even if no read-modify-write access is occurring. When BLH
is set, the BL signal is always asserted. If BLH is cleared, the BL signal is asserted
only if a read-modify-write external access is attempted.

21

BBS

Bus State
This read-only bit is set when the DSP is the bus master and is cleared otherwise.

20-16

BDFW[4-0]

11111
(31 wait
states)

Bus Default Area Wait State Control

Defines the number of wait states (one through 31) inserted into each external
access to an area that is not defined by any of the AAR registers. The access type
for this area is SRAM only. These bits should not be programmed as zero since
SRAM memory access requires at least one wait state.

When four through seven wait states are selected, one additional wait state is
inserted at the end of the access. When selecting eight or more wait states, two
additional wait states are inserted at the end of the access. These trailing wait
states increase the data hold time and the memory release time and do not
increase the memory access time.

15-13

BA3W[2-0]

1
(7 wait states)

Bus Area 3 Wait State Control

Defines the number of wait states (one through seven) inserted in each external
SRAM access to Area 3 (DRAM accesses are not affected by these bits). Area 3 is
the area defined by AAR3.

NOTE: Do not program the value of these bits as zero since SRAM memory
access requires at least one wait state.

When four through seven wait states are selected, one additional wait state is
inserted at the end of the access. This trailing wait state increases the data hold
time and the memory release time and does not increase the memory access time.

12-10

BA2W[2-0]

111
(7 wait states)

Bus Area 2 Wait State Control

Defines the number of wait states (one through seven) inserted into each external
SRAM access to Area 2 (DRAM accesses are not affected by these bits). Area 2 is
the area defined by AAR2.

NOTE: Do not program the value of these bits as zero, since SRAM memory
access requires at least one wait state.

When four through seven wait states are selected, one additional wait state is
inserted at the end of the access. This trailing wait state increases the data hold
time and the memory release time and does not increase the memory access time.
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Table 4-8. Bus Control Register (BCR) Bit Definitions (Continued)

Bit

Bit Name | Reset Value Description
Number

9-5 BA1W[4-0] 11111 Bus Area 1 Wait State Control

(31 wait Defines the number of wait states (one through 31) inserted into each external
states) SRAM access to Area 1 (DRAM accesses are not affected by these bits). Area 1 is
the area defined by AARL1.

NOTE: Do not program the value of these bits as zero, since SRAM memory
access requires at least one wait state.

When four through seven wait states are selected, one additional wait state is
inserted at the end of the access. When selecting eight or more wait states, two
additional wait states are inserted at the end of the access. These trailing wait
states increase the data hold time and the memory release time and do not
increase the memory access time.

4-0 BAOW[4-0] 11111 Bus Area 0 Wait State Control

(31 wait Defines the number of wait states (one through 31) inserted in each external
states) SRAM access to Area 0 (DRAM accesses are not affected by these bits). Area O is
the area defined by AARO.

NOTE: Do not program the value of these bits as zero, since SRAM memory
access requires at least one wait state.

When selecting four through seven wait states, one additional wait state is inserted
at the end of the access. When selecting eight or more wait states, two additional
wait states are inserted at the end of the access. These trailing wait states increase
the data hold time and the memory release time and do not increase the memory
access time.

4.6.2 DRAM Control Register (DCR)

The DRAM controller is an efficient interface to dynamic RAM devices in both random
read/write cycles and Fast Access mode (Page mode). An on-chip DRAM controller controls
the page hit circuit, the address multiplexing (row address and column address), the control
signal generation (CAS and RAS) and the refresh access generation (CAS before RAS) for a
variety of DRAM module sizes and access times. The on-chip DRAM controller
configuration is determined by the DRAM Control Register (DCR). The DRAM Control
Register (DCR) isa24-bit read/write register that controls and configuresthe external DRAM
accesses. The DCR bits are shown in Figure 4-7.

Note: To prevent improper device operation, you must guarantee that al the DCR bits
except BSTR are not changed during aDRAM access.
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23 2 21 20 19 18 17 16 15 14 13 12
| BrRP | BRF7 | BRF6 | BRF5 | BRF4 | BRF3 | BRF2 | BRF1 | BRFO | BSTR | BREN | BME |
1 10 9 8 7 6 5 4 3 2 1 0
| BPLE | | BPs1 | BPSO | | | | | BRW1 | BRwO | BCw1 | BCwo |

|:| Reserved bit. Read as zero; write to zero for future compatibility

Figure 4-7. DRAM Control Register (DCR)

Table 4-9. DRAM Control Register (DCR) Bit Definitions

Bit . Reset -
Number Bit Name value Description
23 BRP 0 Bus Refresh Prescaler

Controls a prescaler in series with the refresh clock divider. If BPR is set, a
divide-by-64 prescaler is connected in series with the refresh clock divider. If BPR is
cleared, the prescaler is bypassed. The refresh request rate (in clock cycles) is the
value written to BRF[7-0] bits + 1, multiplied by 64 (if BRP is set) or by one (if BRP is
cleared). When programming the periodic refresh rate, you must consider the RAS
time-out period. Hardware support for the RAS time-out restriction does not exist.

NOTE: Refresh requests are not accumulated and, therefore, in a fast refresh request
rate not all the refresh requests are served (for example, the combination BRF[7-0] =
$00 and BRP = 0 generates a refresh request every clock cycle, but a refresh access
takes at least five clock cycles).

22-15 | BRF[7-0] 0 Bus Refresh Rate

Controls the refresh request rate. The BRF[7-0] bits specify a divide rate of 1-256
(BRF[7-0] = $00-$FF). A refresh request is generated each time the refresh counter
reaches zero if the refresh counter is enabled (BRE = 1).

14 BSTR 0 Bus Software Triggered Reset

Generates a software-triggered refresh request. When BSTR is set, a refresh request
is generated and a refresh access is executed to all DRAM banks (the exact timing of
the refresh access depends on the pending external accesses and the status of the
BME bit). After the refresh access (CAS before RAS) is executed, the DRAM controller
hardware clears the BSTR bit. The refresh cycle length depends on the BRW[1-0] bits
(a refresh access is as long as the out-of-page access).

13 BREN 0 Bus Refresh Enable

Enables/disables the internal refresh counter. When BREN is set, the refresh counter is
enabled and a refresh request (CAS before RAS) is generated each time the refresh
counter reaches zero. A refresh cycle occurs for all DRAM banks together (that is, all
pins that are defined as RAS are asserted together). When this bit is cleared, the
refresh counter is disabled and a refresh request may be software triggered by using
the BSTR bit. In a system in which DSPs share the same DRAM, the DRAM controller
of more than one DSP may be active, but it is recommended that only one DSP have
its BREN bit set and that bus mastership is requested for a refresh access. If BREN is
set and a WAIT instruction is executed, periodic refresh is still generated each time the
refresh counter reaches zero. If BREN is set and a STOP instruction is executed,
periodic refresh is not generated and the refresh counter is disabled. The contents of
the DRAM are lost.
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Table 4-9. DRAM Control Register (DCR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

12

BME

0

Bus Mastership Enable

Enables/disables interface to a local DRAM for the DSP. When BME is cleared, the
RAS and CAS pins are tri-stated when mastership is lost. Therefore, you must connect
an external pull-up resistor to these pins. In this case (BME = 0), the DSP DRAM
controller assumes a page fault each time the mastership is lost. A DRAM refresh
requires a bus mastership. If the BME bit is set, the RAS and CAS pins are always
driven from the DSP. Therefore, DRAM refresh can be performed, even if the DSP is
not the bus master.

11

BPLE

Bus Page Logic Enable

Enables/disables the in-page identifying logic. When BPLE is set, it enables the page
logic (the page size is defined by BPS[1-0] bits). Each in-page identification causes the
DRAM controller to drive only the column address (and the associated CAS signal).
When BPLE is cleared, the page logic is disabled, and the DRAM controller always
accesses the external DRAM in out-of-page accesses (for example, row address with
RAS assertion and then column address with CAS assertion). This mode is useful for
low power dissipation. Only one in-page identifying logic exists. Therefore, during
switches from one DRAM external bank to another DRAM bank (the DRAM external
banks are defined by the access type bits in the AARs, different external banks are
accessed through different AA/RAS pins), a page fault occurs.

10

Reserved. Write to zero for future compatibility.

9-8

BPS[1-0]

Bus DRAM Page Size
Defines the size of the external DRAM page and thus the number of the column
address bits. The internal page mechanism works according to these bits only if the
page logic is enabled (by the BPLE bit). The four combinations of BPS[1-0] enable the
use of many DRAM sizes (1 M bit, 4 M bit, 16 M bit, and 64 M bit). The encoding of
BPS[1-0] is:

00 = 9-bit column width, 512 words

01 = 10-bit column width, 1 K words

10 = 11-bit column width, 2 K words

11 = 12-bit column width, 4 K words
When the row address is driven, all 24 bits of the external address bus are driven [for
example, if BPS[1-0] = 01, when driving the row address, the 14 MSBs of the internal
address (XAB, YAB, PAB, or DAB) are driven on address lines A[0—13], and the
address lines A[14—23] are driven with the 10 MSBs of the internal address. This
method enables the use of different DRAMs with the same page size.

-4

Reserved. Write to zero for future compatibility.

3-2

BRW[1-0]

1-0

Bus Row Out-of-page Wait States
Defines the number of wait states that should be inserted into each DRAM out-of-page
access. The encoding of BRW[1-0] is:
00 = 4 wait states for each out-of-page access
01 = 8 wait states for each out-of-page access
10 = 11 wait states for each out-of-page access
11 = 15 wait states for each out-of-page access

BCW[1-0]

Bus Column In-Page Wait State
Defines the number of wait states to insert for each DRAM in-page access. The
encoding of BCW[1-0] is:

00 = 1 wait state for each in-page access

01 = 2 wait states for each in-page access

10 = 3 wait states for each in-page access

11 = 4 wait states for each in-page access
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4.6.3 Address Attribute Registers (AAR[0-3])

The Address Attribute Registers (AAR[0-3]) are read/write registers that control the activity
of the AAO/RAS0-AA3/RAS3 pins. The associatedn/RASK pin is asserted if the address

defined by the BAC bits in the associated AAR matches the exact number of external address
bits defined by the BNC bits, and the external address space (X data, Y data, or program) is
enabled by the AAREigure 4-8 shows an AAR registeff;able 4-10 lists the bit definitions.

Note: The DSP56303 does not support address multiplexing.

23 22 21 20 19 18 17 16 15 14 13 12
Bac11BAc1dBACY| BACS|BACT| BACE|BACSE] BACA BAC3|BAC2|BAC1|BACO]

| | | | | | | | | | | | Address to Compare
11 10 9 8 7 6 5 4 3 2 1 0

[BNC3[BNC2[BNC1[BNCO|BPAC] [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

|:| Reserved Bit. Write to zero for future compatibility.
Figure 4-8. Address Attribute Registers (AAR[0-3]) (X:$FFFFF9-$FFFFF6)

Table 4-10. Address Attribute Registers (AAR[0-3]) Bit Definitions

Bit . Reset o
Number Bit Name Value Description

23-12 | BAC[11-0] 0 Bus Address to Compare
Read/write control bits that define the upper 12 bits of the 24-bit address with whichto
compare the external address to determine whether to assert the corresponding AA/RAS
signal. This is also true of 16-bit compatibility mode. The BNC[3-0] bits define the number
of address bits to compare.

11-8 BNCI[3-0] 0 Bus Number of Address Bits to Compare

Specify the number of bits (from the BAC bits) that are compared to the external address.
The BAC bits are always compared with the Most Significant Portion of the external
address (for example, if BNC[3-0] = 0011, then the BAC[11-9] bits are compared to the 3
MSBs of the external address). If no bits are specified (that is, BNC[3-0] = 0000), the AA
signal is activated for the entire 16 M-word space identified by the space enable bits
(BPEN, BXEN, BYEN), but only when the address is external to the internal memory map.
The combinations BNC[3-0] = 1111, 1110, 1101 are reserved.
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Table 4-10. Address Attribute Registers (AAR[0-3]) Bit Definitions

Bit
Number

Bit Name

Reset
Value

Description

BPAC

0

Bus Packing Enable

Enables/disables the internal packing/unpacking logic. When BPAC is set, packing is
enabled. In this mode each DMA external access initiates three external accesses to an
8-bit wide external memory (the addresses for these accesses are DAB, then DAB + 1 and
then DAB + 2). Packing to a 24-bit word (or unpacking from a 24-bit word to three 8-bit
words) is done automatically by the expansion port control hardware. The external
memory should reside in the eight Least Significant Bits (LSBs) of the external data bus,
and the packing (or unpacking for external write accesses) occurs in “Little Endian” order
(that is, the low byte is stored in the lowest of the three memory locations and is
transferred first; the middle byte is stored/transferred next; and the high byte is
stored/transferred last). When this bit is cleared, the expansion port control logic assumes
a 24-bit wide external memory.

NOTES:

1. BPAC is used only for DMA accesses and not core accesses.

2. To ensure sequential external accesses, the DMA address should advance three
steps at a time in two-dimensional mode with a row length of one and an offset size of
three. For details, refer to Motorola application note, APR23/D, Using the DSP56300
Direct Memory Access Controller.

3. To prevent improper operation, DMA address + 1 and DMA
address + 2 should not cross the AAR bank borders.

4. Arbitration is not allowed during the packing access (that is, the three accesses are
treated as one access with respect to arbitration, and the bus mastership is not
released during these accesses).

Reserved. Write to 0 for future compatibility.

BYEN

Bus Y Data Memory Enable

A read/write control bit that enables/disables the AA pin and logic during external Y data
space accesses. When set, BYEN enables the comparison of the external address to the
BAC bits during external Y data space accesses. If BYEN is cleared, no address
comparison is performed.

BXEN

Bus X Data Memory Enable

A read/write control bit that enables/disables the AA pin and logic during external X data
space accesses. When set, BXEN enables the comparison of the external address to the
BAC bits during external X data space accesses. If BXEN is cleared, no address
comparison is performed.

BPEN

Bus Program Memory Enable .

A read/write control bit that enables/disables the AA/RAS pin and logic during external
program space accesses. When set, BPEN enables the comparison of the external
address to the BAC bits during external program space accesses. If BPEN is cleared, no
address comparison is performed.

BAAP

Bus Address Attribute Polarity

A read/write Bus Address Attribute Polarity (BAAP) control bit that defines whether the
AA/RAS signal is active low or active high. When BAAP is cleared, the AA/RAS signal is
active low (useful for enabling memory modules or for DRAM Row Address Strobe). If
BAAP is set, the appropriate AA/RAS signal is active high (useful as an additional address
bit).

@ MOTOROLA

Core Configuration 4-31




DMA Control Registers 5-0 (DCR[5-0])

Table 4-10. Address Attribute Registers (AAR[0-3]) Bit Definitions

Bit . Reset o
Number Bit Name Value Description

1-0 BAT[1-0] 0 Bus Access Type
Read/write bits that define the type of external memory (DRAM or SRAM) to access for
the area defined by the BAC[11-0],BYEN, BXEN, and BPEN bits. The encoding of
BAT[1-0] is:

00 = Reserved

01 = SRAM access

10 = DRAM access

11 = Reserved _
When the external access type is defined as a DRAM access (BAT[1-0] = 10), AA/RAS
acts as a Row Address Strobe (RAS) signal. Otherwise, it acts as an Address Attribute
signal. External accesses to the default area always execute as if BAT[1-0] = 01 (that is,
SRAM access). If Port A is used for external accesses, the BAT bits in the AAR3-0
registers must be initialized to the SRAM access type (that is, BAT = 01) or to the DRAM
access type (that is BAT = 10). To ensure proper operation of Port A, this initialization
must occur even for an AAR register that is not used during any Port A access. Note that
at reset, the BAT bits are initialized to 00.

4.7 DMA Control Registers 5-0 (DCR[5-0])

The DMA Control Registers (DCR[5-0]) are read/write registers that control the DMA
operation for each of their respective channels. All DCR bits are cleared during processor
reset.

23 22 21 20 19 18 17 16 15 14 13 12
\ DE \ DIE \ DTM2 \ DTM1 \ DTMO \ DPR1 \ DPRO \ DCON \ DRS4 \ DRS3 \ DRS?2 \ DRS1 \
11 10 9 8 7 6 5 4 3 2 1 0

\ DRSO \ D3D \ DAM5 \ DAM4 \ DAM3 \ DAM2 \ DAM1 \ DAMO \ DDS1 \ DDSO0 \ DSS1 \ DSS0 \
Figure 4-9. DMA Control Register (DCR)

Table 4-11. DMA Control Register (DCR) Bit Definitions

Bit . Reset o
Number | Bit Name| |- Description
23 DE 0 |DMA Channel Enable

Enables the channel operation. Setting DE either triggers a single block DMA transfer in the
DMA transfer mode that uses DE as a trigger or enables a single-block, single-line, or
single-word DMA transfer in the transfer modes that use a requesting device as a trigger. DE
is cleared by the end of DMA transfer in some of the transfer modes defined by the DTM bits.
If software explicitly clears DE during a DMA operation, the channel operation stops only
after the current DMA transfer completes (that is, the current word is stored into the
destination).
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Table 4-11. DMA Control Register (DCR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

22

DIE

0

DMA Interrupt Enable

Generates a DMA interrupt at the end of a DMA block transfer after the counter is loaded
with its preloaded value. A DMA interrupt is also generated when software explicitly clears
DE during a DMA operation. Once asserted, a DMA interrupt request can be cleared only by
the service of a DMA interrupt routine. To ensure that a new interrupt request is not
generated, clear DIE while the DMA interrupt is serviced and before a new DMA request is
generated at the end of a DMA block transfer—that is, at the beginning of the DMA channel
interrupt service routine. When DIE is cleared, the DMA interrupt is disabled.

21-19

DTM[2-0]

DMA Transfer Mode
Specify the operating modes of the DMA channel, as follows:

DE
DTM[2-0]| Trigger Cleared Transfer Mode
After
000 request Yes | Block Transfer—DE enabled and DMA request initiated.

The transfer is complete when the counter decrements to
zero and the DMA controller reloads the counter with the
original value.

001 request Yes | word Transfer—A word-by-word block transfer (length
set by the counter) that is DE enabled. The transfer is
complete when the counter decrements to zero and the
DMA controller reloads the counter with the original
value.

010 request Yes Line Transfer—A line by line block transfer (length set by
the counter) that is DE enabled. The transfer is complete
when the counter decrements to zero and the DMA
controller reloads the counter with the original value.

011 DE Yes | Block Transfer—The DE-initiated transfer is complete
when the counter decrements to zero and the DMA
controller reloads the counter with the original value.

100 request No Block Transfer—The transfer is enabled by DE and
initiated by the first DMA request. The transfer is
completed when the counter decrements to zero and
reloads itself with the original value. The DE bit is not
cleared at the end of the block, so the DMA channel waits
for a new request.

NOTE: The DMA End-of-Block-Transfer Interrupt cannot
be used in this mode.

101 request No Word Transfer—The transfer is enabled by DE and
initiated by every DMA request. When the counter
decrements to zero, it is reloaded with its original value.
The DE bit is not automatically cleared, so the DMA
channel waits for a new request.

NOTE: The DMA End-of-Block-Transfer Interrupt cannot
be used in this mode.

110 Reserved

111 Reserved

NOTE: When DTM[2-0] = 001 or 101, some peripherals can generate a second DMA request while the DMA controller is
still processing the first request (see the description of the DRS bits).
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Table 4-11. DMA Control Register (DCR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

18-17

DPR[1-0]

0

DMA Channel Priority

Define the DMA channel priority relative to the other DMA channels and to the core priority if
an external bus access is required. For pending DMA transfers, the DMA controller
compares channel priority levels to determine which channel can activate the next word
transfer. This decision is required because all channels use common resources, such as the
DMA address generation logic, buses, and so forth.

DPR[1-0] Channel Priority

00 Priority level O (lowest)

01 Priority level 1

10 Priority level 2

11 Priority level 3 (highest)

B If all or some channels have the same priority, then channels are activated in a
round-robin fashion—that is, channel O is activated to transfer one word, followed by
channel 1, then channel 2, and so on.

B If channels have different priorities, the highest priority channel executes DMA
transfers and continues for its pending DMA transfers.

B If a lower-priority channel is executing DMA transfers when a higher priority channel
receives a transfer request, the lower-priority channel finishes the current word
transfer and arbitration starts again.

B If some channels with the same priority are active in a round-robin fashion and a new
higher-priority channel receives a transfer request, the higher-priority channel is
granted transfer access after the current word transfer is complete. After the
higher-priority channel transfers are complete, the round-robin transfers continue. The
order of transfers in the round-robin mode may change, but the algorithm remains the
same.

B The DPR bits also determine the DMA priority relative to the core priority for external
bus access. Arbitration uses the current active DMA priority, the core priority defined
by the SR bits CP[1-0], and the core-DMA priority defined by the OMR bits CDP[1-0].
Priority of core accesses to external memory is as follows:
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Table 4-11. DMA Control Register (DCR) Bit Definitions (Continued)

Bit

Reset

Number Bit Name value Description
18-17 | DPR[1-0] OMR - CDP[1-0] CP[1-0] Core Priority
cont.
00 00 0 (lowest)
00 01 1
00 10 2
00 11 3 (highest)
01 XX DMA accesses have higher priority than core
accesses
10 XX DMA accesses have the same priority as core
accesses
11 XX DMA accesses have lower priority than core
accesses

B If DMA priority > core priority (for example, if CDP = 01, or CDP = 00 and
DPR > CP), the DMA performs the external bus access first and the core waits for the
DMA channel to complete the current transfer.

B If DMA priority = core priority (for example, if CDP = 10, or CDP = 00 and
DPR = CP), the core performs all its external accesses first and then the DMA channel
performs its access.

B If DMA priority < core priority (for example, if CDP=11, or CDP = 00 and
DPR < CP), the core performs its external accesses and the DMA waits for a free slot
in which the core does not require the external bus.

B In Dynamic Priority mode (CDP = 00), the DMA channel can be halted before
executing both the source and destination accesses if the core has higher priority. If
another higher-priority DMA channel requests access, the halted channel finishes its
previous access with a new higher priority before the new requesting DMA channel is
serviced.

16 DCON 0 | DMA Continuous Mode Enable

Enables/disables DMA Continuous mode. When DCON is set, the channel enters the
Continuous Transfer mode and cannot be interrupted during a transfer by any other DMA
channel of equal priority. DMA transfers in the continuous mode of operation can be
interrupted if a DMA channel of higher priority is enabled after the continuous mode transfer
starts. If the priority of the DMA transfer in continuous mode (that is, DCON = 1) is higher
than the core priority (CDP = 01, or CDP =00 and DPR > CP), and if the DMA requires an
external access, the DMA gets the external bus and the core is not able to use the external
bus in the next cycle after the DMA access even if the DMA does not need the bus in this
cycle. However, if a refresh cycle from the DRAM controller is requested, the refresh cycle
interrupts the DMA transfer. When DCON is cleared, the priority algorithm operates as for the
DPR bits.
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Table 4-11. DMA Control Register (DCR) Bit Definitions (Continued)

Bit

Reset

Number Bit Name value Description
15-11 | DRS[4-0] 0 DMA Request Source
Encodes the source of DMA requests that trigger the DMA transfers. The DMA request
sources may be external devices requesting service through the IRQA, IRQB, IRQC and
IRQD pins, triggering by transfers done from a DMA channel, or transfers from the internal
peripherals. All the request sources behave as edge-triggered synchronous inputs.
DRS[4-0] Requesting Device

00000 External (IRQA pin)

00001 External (IRQB pin)

00010 External (IRQC pin)

00011 External (IRQD pin)

00100 Transfer done from channel O

00101 Transfer done from channel 1

00110 Transfer done from channel 2

00111 Transfer done from channel 3

01000 Transfer done from channel 4

01001 Transfer done from channel 5

01010 ESSIO receive data (RDFO = 1)

01011 ESSIO transmit data (TDEO = 1)

01100 ESSI1 receive data (RDF1 = 1)

01101 ESSI1 transmit data (TDE1 = 1)

01110 SCl receive data (RDRF = 1)

01111 SCI transmit data (TDRE = 1)

10000 Timer0 (TCFO = 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
Peripheral requests 18—-21 (DRS[4-0] = 111xx) can serve as fast request sources. Unlike a
regular peripheral request in which the peripheral can not generate a second request until
the first one is served, a fast peripheral has a full duplex handshake to the DMA, enabling a
maximum throughput of a trigger every two clock cycles. This mode is functional only in the
Word Transfer mode (that is, DTM = 001 or 101). In the Fast Request mode, the DMA sets
an enable line to the peripheral. If required, the peripheral can send the DMA a one cycle
triggering pulse. This pulse resets the enable line. If the DMA decides by the priority
algorithm that this trigger will be served in the next cycle, the enable line is set again, even
before the corresponding register in the peripheral is accessed.
10 D3D 0 Three-Dimensional Mode
Indicates whether a DMA channel is currently using three-dimensional (D3D = 1) or
non-three-dimensional (D3D = 0) addressing modes. The addressing modes are specified by
the DAM bits.
9-4 | DAM[5-0] 0 DMA Address Mode
Defines the address generation mode for the DMA transfer. These bits are encoded in two
different ways according to the D3D bhit.
4-36 DSP56303 User's Manual (M) moToroLa




Device Identification Register (IDR)

Table 4-11. DMA Control Register (DCR) Bit Definitions (Continued)

Bit . Reset N
Number Bit Name value Description
3-2 | DDS[1-0] 0 DMA Destination Space
Specify the memory space referenced as a destination by the DMA.
NOTE: In Cache mode, a DMA to Program memory space has some limitations (as
described in Chapter 8, Instruction Cache, and Chapter 11, Operating Modes and Memory
Spaces).
DDS1 DDSO0 DMA Destination Memory Space
0 0 X Memory Space
0 1 Y Memory Space
1 0 P Memory Space
1 1 Reserved
1-0 | DSS[1-0] 0 DMA Source Space

Specify the memory space referenced as a source by the DMA.

NOTE: In Cache mode, a DMA to Program memory space has some limitations (as
described in Chapter 8, Instruction Cache, and Chapter 11, Operating Modes and Memory
Spaces).

DSS1 DSS0 DMA Source Memory Space
0 0 X Memory Space
0 1 Y Memory Space
1 0 P Memory Space
1 1 Reserved

4.8 Device ldentification Register (IDR)

The IDR is aread-only factory-programmed register that identifies DSP56300 family
members. It specifies the derivative number and revision number of the device. This
information is used in testing or by software. Figur e 4-10 shows the contents of the IDR.
Revision numbers are assigned as follows: $0 isrevision 0, $1 isrevision A, and so on.

23

16 15 12 11 0

Reserved

Revision Number Derivative Number

$00

$5 $303

Figure 4-10. Identification Register Configuration (Revision E)
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4.9 JTAG Identification (ID) Register

The JTAG ID register isa 32-bit read-only factory-programmed register that distinguishesthe
component on a board according to the IEEE 1149.1 standard. Figure 4-11 showsthe JTAG
ID register configuration. Version information corresponds to the revision number ($0 for
revision O, $1 for revision A, and so forth).

31 28 27 22 21 12 11 1 0
. . Design Center Sequence Manufacturer
Version Information : 1
Number Number Identity
0101 000110 0000000011 00000001110 1

Figure 4-11. JTAG Identification Register Configuration (Revision E)

4.10 JTAG Boundary Scan Register (BSR)

The BSR in the DSP56303 JTAG implementation contains bits for al device signals, clock
pins, and their associated control signals. All DSP56303 bidirectional pins have a
corresponding register bit in the BSR for pin data and are controlled by an associated control
bit in the BSR. For details on the BSR, consult the DSP56300 Family Manual. For the latest
description of the BSR contents by available package type in boundary scan description
language (BSDL), call your local Motorola Semiconductor Sales Office or authorized
distributor, or refer to the following Motorola website:

htt p: // ww. not . comd SPS/ DSP/ t ool s/ ot her . ht ni #56303
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Chapter 5
Programming the Peripherals

When peripherals are programmed in a given application, a number of possible modes and
options are available for use. Chapters 6 through 9 describe in detail the possible modes and
configurations for peripheral registers and ports. This chapter presents general guidelines for
initializing the peripherals. These guidelines include a description of how the control registers
are mapped in the DSP56303, data transfer methods that are available when the various
peripherals are used, and information on General-Purpose | nput/Output (GPIO)
configuration.

5.1 Peripheral Initialization Steps

Each peripheral hasits own initialization process. However, all four peripherals share some
common steps, which follow:
1. Determine the Register valuesto be programmed, using the following steps:
a. Find the peripheral register descriptions in the manual.
b. Choose the appropriate modes to configure for a given application.
c. Determine the bit settings for programming those modes.
2. Make sure the peripheral isin individual reset state or disabled.

Note: Peripheral registers should not be modified while the peripheral is active.

3. Configure the registers by writing the predetermined values from step 1 into the appro-
priate register locations.

4. Enable the peripheral. Once the peripheral is enabled, it operates according the pro-
grammed modes determined in step 1.

For detailed initialization procedures unique to each peripheral device, consult the
initialization section in the specific peripheral device chapter.
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5.2 Mapping the Control Registers

The 1/0O peripherals are controlled through registers mapped to the top 128 words of X-data

memory ($FFFF80-$FFFFFF). Referred to as the internal I/O space, the control registers are
accessed by move (MOVE, MOVEP) instructions and bit-oriented instructions (BCHG,
BCLR, BSET, BTST, BRCLR, BRSET, BSCLR, BSSET, JCLR, JSET, JSCLR, and JSSET).
The contents of the internal X I1/O memory space are listégopendix B, Programming

Reference, Table B-2.

X-Data Memory

$FFFFFF
Internal I/O Peripherals Control Registers
/ Memory Space
$FFFF80
External
$FFF000
Internal
Reserved
$FF0000
External
$000800
Internal
X-Data RAM
2 K (default)
$000000

Figure 5-1. Memory Mapping of Peripherals Control Registers

5.3 Reading Status Registers

Each peripheral has a read-only status register that indicate the state of the peripheral at a
given time. The HI08, ESSI, and SCI have dedicated status registers. The triple timer has
status bits embedded within a control/status register. Changes in the status bits can generate
interrupt conditions. For example, the HIO8 has a host status register with two host flag bits
that can be encoded by the host to generate an interrupt in the DSP.
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5.4 Data Transfer Methods
Peripheral 1/0O on the DSP56303 can be accomplished in three ways:

= Polling
m Interrupts
= DMA

5.4.1 Polling

Polling is the easiest method for data transfers. When polling is chosen, the DSP56303 core
continuously checks a specified register flag waiting for an event to happen. One example
would be setting an overflow flag in one of the Timers. Once the event occurs, the DSP56303
is free to continue with its next task. However, while it is waiting for the event to occur, the
DSP56303 coreis not executing any other code. Polling is the easiest transfer method since it
does not require register initialization, but it is also the least efficient use of the DSP core.

Each peripheral hasits own set of flags which can be polled to determine when data is ready
to be transferred. For example, the ESSI control registers provide bits that tell the core when
dataisready to be transferred to or from the peripheral. The core polls these bits to determine
when to interact with the peripheral. Similar flags exist for each peripheral.

Example 5-1 shows software polling programmed in an application using the HI08.

Example 5-1. Software Polling

jclr #1, x: M HSR * ; loop if HSH 1]: HTDE=0
nove y: (TBUFF_PTR) +, x1 ; nmove data to x1

In this example, the core waits until the Host Status Register (HSR) Host Transmit Data
Empty (HTDE) flag is set. When the flag is set, the core moves datafrom Y memory to the
X1 register.

5.4.2 Interrupts

Interrupts are more efficient than polling, but interrupts also require additional register
initialization. Polling requires the core to remain busy checking aflag in a specified control
register and therefore does not allow the core to execute other code at the same time. For
interrupts, you can initialize the interrupt so it is triggered off one of the same flags that can
also be polled. Then the core does not have to continuously check aflag. Oncetheinterrupt is
initialized and the flag is set, the core is notified to execute adata transfer. Until the flag is set,
the core can remain busy executing other sections of code.

When an interrupt occurs, the core execution flow jumpsto the interrupt start address defined
in Table B-3 in Appendix B, Programming Reference. It executes code starting at the
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interrupt address. If it isashort interrupt (that is, the service routine is two opcodes long), the
code automatically returns to the original program flow after executing two opcodes with no
impact to the pipeline. Otherwise, if alonger service routine is required the programmer can
place a jump-to-subroutine (JSR) instruction at the interrupt service address. In this case, the
program executes that service routine and continues until areturn-from-interrupt (RTI)
instruction executes. The execution flow then resumes from the position the program counter
was in before the interrupt was triggered.

Configuring interrupts requires two steps:

1. Setting up the interrupt routine
a. Theinterrupt handler islocated at the interrupt starting address.

b. Theinterrupt routines can be short (only two opcodes long) or long (more than two
opcodes and requiring a JSR instruction).

2. Enabling the interrupts
a. Set the corresponding bitsin the applicable peripheral control register.
b. Enable peripheral interruptsin the Interrupt Priority Register (IPRP).

c. Enable global interruptsin the Mode Register (MR) portion of the Status Register
(SR).

Events that change bits in the peripheral control registers can then trigger the interrupt.
Depending on the peripheral, from two to six peripheral interrupt sources are available to the
programmer.

Example 5-2 shows a short interrupt programmed for the HI08. The main program enables
the Host Receive Interrupt in the Host Control Register (HCR). When the interrupt is
triggered during code execution, the core processing jumps to the Host Receive Interrupt
routine location at p:$60 and executes the code there. Since thisis a short interrupt, the core
returns to normal code execution after executing the two move instructions, and an RTI
instruction is not necessary.
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Example 5-2. Interrupts

bset #M HR E, x: M HCR ; enabl e host receive interrupt
; Short Interrupt Routine
org P: $60
novep x: M HRX x1 ; HO8 Receive Data Full interrupt
nove x1,y:(r0)+
5.4.3 DMA

The Direct Memory Access (DMA) controller permits data transfers between
internal/external memory and/or internal/external 1/0 in any combination without the
intervention of the DSP56303 core. Dedicated DMA address and data buses and internal
memory partitioning ensure that a high level of isolation is achieved so the DMA operation
does not interfere with the core operation or slow it down. The DMA moves data to/from the
peripheral transmit/receive registers. The programmer can use the DMA control registers to
configure sources and destinations of data transfers. Depending on the peripheral, one to four
peripheral request sources are available. Thisisthe most efficient method of data transfer
available. Core intervention is not required after the DMA channel isinitialized.

Table 5-1. DMA-Accessible Registers

DMA
Block Register
Read Write
ESSI TXO0 No Yes
X1 No Yes
TX2 No Yes
RX Yes No
SClI SRX Yes No
STX No Yes
EFCOP FDIR No Yes
FDOR Yes No
HIO8 HTX No Yes
HRX Yes No
Timer

Example 5-3 shows a DMA configuration for transferring data to the Host Transmit register
of the HI08.
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Example 5-3. DMA Transfers

bel r #M D1LO, x: M | PRC ; disable DVAL interrupts

bel r #M DI1L1, x: M | PRC

novep #TBUFF_START, x: M DSR1L ; DVAL source is transmt buffer
novep #M HTX, x: M DDRL ; DVAL destination is HIX

novep #TBUFF_SI ZE- 1, x: M DCOL ; DMAL count is the full buffer
novep # N T_DCR1, x: M DCRL ; init. DVAL control register

DMA requires more initialization code and consideration of DMA modes. However, it isthe
most efficient use of core resources. Once these registers are programmed, you must enable
the DMA by triggering aDMA request off one of the peripheral control flags or enabling itin
normal program flow or an interrupt service routine.

5.4.4 Advantages and Disadvantages

Polling is the easiest method to implement, but it requires a large amount of DSP56303 core
processing power. The core cannot be involved in other processing activitieswhileitis
polling receive and transmit ready bits. Interrupts require more code, but the core can process
other routines while waiting for data /0. An interrupt is generated when datais ready to be
transferred to or from the peripheral device. DMA requires even less core intervention, and
the setup code is minimal, but the DMA channels must be available.

Note: Do not use interrupt requests and DMA requests simultaneously.

5.5 General-Purpose Input/Output (GPIO)

The DSP56303 provides 34 bidirectional signals that can be configured as GPIO signals or as
peripheral dedicated signals. No dedicated GPIO signals are provided. All of these signalsare
GPIO by default after reset. The control register settings of the DSP56303 peripherals
determine whether these signals function as GPIO or as peripheral dedicated signals. This
section describes how signals can be used as GPI O.
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Chapter 2, Sgnals/Connections details the special uses of the 34 bidirectional signals. These
signalsfall into five groups and are controlled separately or as a group:

Port B: 16 GPIO signals (shared with the HI08 signals)

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

Port D: six GPIO signals (shared with the ESSI 1 signals)

Port E: three GPIO signals (shared with the SCI signals)
Timers: three GPIO signals (shared with the triple timer signals)

5.5.1 Port B Signals and Registers

Each of the 16 Port B signals not used as an HI08 signal can be configured as a GPIO signal.
Three registers control the GPIO functionality of Port B: host control register (HCR), host
port GPIO dataregister (HDR), and host port GPIO direction register (HDDR). Chapter 6,
Host Interface (H108), discusses these registers.

DSP56303
Non-Multiplexed Multiplexed Port B GPIO
Bus Bus
< > H[0-7] HAD[0-7] PB[0-7]
¢ HAO HAS/HAS PB8
< HA1 HA8 PB9
» HA2 HA9 PB10
* HCS/HCS HA10 PB13
Host Interface Single DS Double DS
(H108) Port HRW HRD/HRD PB11
< HDS/HDS HWR/HWR PB12
Single HR Double HR
» HREQ/HREQ HTRQ/HTRQ PB14
< » HACK/HACK HRRQ/HRRQ PB15

Figure 5-2. Port B Signals
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5.5.2 Port C Signals and Registers

Each of the six Port C signals not used as an ESSI0 signal can be configured asa GPIO signal.
Three registers control the GPIO functionality of Port C: Port C control register (PCRC), Port
C direction register (PRRC), and Port C dataregister (PDRC). Chapter 7, Enhanced
Synchronous Serial Interface (ESS), discusses these registers.

Port C GPIO
DSP56303
4¢—» SC0[0-2] PC[0-2]
Enhanced Synchronous < » SCKO PC3
Serial Interface Port 0
—————
(ESSI0) SRDO PC4
——— STDO PC5

Figure 5-3. Port C Signals

5.5.3 Port D Signals and Registers

Each of the six Port D signals not used asan ESSI 1 signal can be configured asa GPIO signal.
Threeregisters control the GPIO functionality of Port D: Port D control register (PCRD), Port
D direction register (PRRD), and Port D data register (PDRD). Chapter 7, Enhanced
Synchronous Serial Interface (ESS), discusses these registers.

DSP56303 Port D GPIO
<4——» SC1[0-2] PD[0-2]
Enhanced Synchronous |¢———— 7 SCK1 PD3
Serial Interface Port 1
(ESSI1) <««— SRD1 PD4
——» STD1 PD5

Figure 5-4. Port D Signals
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5.5.4 Port E Signals and Registers

Each of the three Port E signals not used as an SCI signal can be configured asa GPIO signal.
Three registers control the GPIO functionality of Port E: Port E control register (PCRE), Port
E direction register (PRRE), and Port E dataregister (PDRE). Chapter 8, Serial
Communication Interface (SCI), discusses these registers.

DSP56303
Port E GPIO
E—— RXD PEO
Serial  {——— TXD PE1
Communications
Interface (SCI) Port [ SCLK PE2

Figure 5-5. Port E Signals

5.5.5 Triple Timer Signals and Registers

Each of the three triple timer interface signals (TIO[0-2]) not used as a timer signal can be
configured as a GPIO signal. Each signal is controlled by the appropriate timer control status
register (TCSR[0-2])Chapter 9, Triple Timer Module, discusses these registers.

DSP56303
Timer GPIO
4—> TIO0 TIO0
Timers
¢— TIO1 TIO1
¢—» TIO2 TIO2

Figure 5-6. Triple Timer Signals
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Chapter 6
Host Interface (HIO8)

The host interface (H108) is a byte-wide, full-duplex, double-buffered parallel port that can
connect 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 HI08 signals not used to interface to the host can be
configured as GPIO signals, up to atotal of 16.

6.1 Features

The HIO08 host is aslave device that operates asynchronously to the DSP core and host clocks.
Thus, the HI08 peripheral has a host processor interface and a DSP core interface. This
section lists the features of the host processor and DSP core interfaces.

6.1.1 DSP Core Interface
= Mapping:
— Registers are directly mapped into eight internal X data memory locations.

= Data word:
— DSP56303 24-bit (native) data words are supported, as are 8-bit and 16-bit words.

m Handshaking protocols:
— Software polled
— Interrupt driven
— Core DMA accesses

® Instructions:

— Memory-mapped registers allow the standard MOVE instruction to transfer data
between the DSP56303 and external hosts.

— A special MOVEP instruction for 1/0O service capability using fast interrupts.

— Bit addressing instructions (for example, BCHG, BCLR, BSET, BTST, JCLR,
JSCLR, JSET, JSSET) simplify 1/0O service routines.
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6.1.2 Host Processor Interface
m  Sixteen signals support non-multiplexed or multiplexed buses:

— H[0-7]/HAD[0-7] host data bus (H[0-7]) or host multiplexed address/data bus
(HAD[0-7])

— HAS/HAO address strobedAS) or host address lineif0)

— HAB8/HA1 host address lineiA8) or host address lin@if1)

— HA9/HA2 host address lineif9) or host address lineid2)

— HRW/HRD read/write selectHRW) or read strobeHRD)

— HDS/HWR data strobeHDS) or write strobeHwR)

— HCS/HA10 host chip selecHCS) or host address linei£10)

— HREQ/HTRQ host requestHREQ) or host transmit requesiTRQ)

— HACK/HRRQ host acknowledgeHACK) or host receive requestkRQ)

Note: The signalsin the above list that are shown as asserted low (for example, HRD) all
have programmable polarity. The default value following reset is shown in the
above list.

= Mapping:

— HIO8 registers are mapped into eight consecutive locations in the host’s external
bus address space.

— The HIO8 acts as a memory or I/O-mapped peripheral for microprocessors,
microcontrollers, and so forth.

m Transfer modes:
— Mixed 8-hit, 16-bit, and 24-bit data transfers

— DSP-to-host
— Host-to-DSP
— Host command

m Handshaking protocols:
— Software polled

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

m Data word: 8 bits
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m Dedicated interrupts:
— Separate request 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
— Creation of a debugging window for program development

— Host control protocols

m Interface capabilities:
— Glueless interface (no external logic required) to
— Motorola HC11
— Hitachi H8
— 8051 family
— Thomson P6 family
— Minimal glue logic (pull-ups, pull-downs) required to interface to
— ISA bus
— Motorola 68K family
— Intel X86 family

6.2 Host Port Signals

The host port signals are discussed in Chapter 2, Sgnals/Connections. Each host port signal
can be programmed as a host port signal or as a GPIO signal, PB[0—1babE=é-1
throughTable 6-3.

Table 6-1. HIO8 Signal Definitions for Operational Modes

@ MOTOROLA

Host Interface (HI08)

HIO8 Port Signal Multiplexed Address/Data Bus Mode Non-multiplexed Bus Mode GPIO Mode
HAD[0-7] HAD[0-7] H[0-7] PB[0-7]
HAS/HAO HAS/HAS HAO PB8
HA8/HA1 HA8 HAl PB9
HA9/HA2 HA9 HA2 PB10

HCS/HA10 HA10 HCS/HCS PB13
6-3
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Table 6-2. HIO8 Data Strobe Signals

ng:?;rt Single Strobe Mode Dual Strobe Mode GPIO Mode
HRW/HRD HRW HRD/HRD PB11
HDS/HWR HDS/HDS HWR/HWR PB12
Table 6-3. HIO8 Host Request Signals
H|O.8 Port Single Host Request Mode Double Host Request GPIO Mode
Signal Mode
HREQ/ HREQ/HREQ HTRQ/HTRQ PB14
HTRQ
HACK/ HACK/HACK HRRQ/HRRQ PB15
HRRQ

The HI08 port can operate in multiplexed or non-multiplexed mode. In multiplexed mode
(HPCR[11]:HMUX=1), the lower eight address signals multiplex with the eight datalines. In
non-multiplexed mode (HPCR[11]:HMUX=0), the HI08 requires a chip select signal and
three address lines to select one of the eight registers accessible to the host. Eight lines are
used for data. The HI08 port can aso be programmed to use asingle or dual read/write data
strobe and single or double host request.

Software and hardware resets clear all DSP-side control registers and configure the HI08 as
GPIO. To select GPIO functions, clear HPCR bits 6 through 1; to select other HI08 functions,
set those same bits. If the HI08 isin GPIO mode, the HDDR configures each corresponding
signal inthe HDR as an input signal if the HDDR bit is cleared or as an output signal if the
HDDR bit is set. For details, see Section 6.6.3, Host Data Direction Register (HDDR), on
page 6-16 and Section 6.6.4, Host Data Register (HDR), on page 6-16.

6.3 Overview

The HI08 is partitioned into two register banks, as Figur e 6-1 shows. The host-side register
bank is accessible only to the host, and the DSP-side register bank is accessible only to the
DSP core. For the host, the HI08 appears as eight byte-wide locations mapped in its external
address space. The DSP-side registers appear to the DSP core as six 24-bit registers mapped
into internal 1/0 X memory space and therefore accessible via standard DSP56300
instructions and addressing modes. In GPIO mode, two additional registers (HDDR and
HDR) are related to the HIO8 peripheral.

The separate receive and transmit data paths are double buffered for efficient, high speed
asynchronous transfers. The host-side transmit data path (host writes) is also the DSP-side
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receive path; the host-side receive data path (host reads) is also the DSP-side transmit path.
The Receive (RXH:RXM:RXL) and Transmit Data Registers (TXH: TXM:TXL) usethe same
host address. During host writes to these addresses, the datais transferred to the Transmit

Data Registers while reads are performed from the Receive Data Registers.

DSP-Side Registers

Control Registers Data Registers

HCR = Host Control Register

HSR = Host Status Register

HPCR = Host Port Control Register
HBAR = Host Base Address Register

HTX = Host Transmit Register

HRX = Host Receive Register

HDDR = Host Data Direction Register
HDR = Host Data Register

- Core DMA Data Bus A >
- DSP Peripheral Data Bus _ -
$24 ?24 $24 $24 %24 24$ 24 4 %24 24 ¥ %24
, Y
HCR HSR HDDR HDR HBAR HPCR HTX HRX DSP
Side
AU ¥ \
[ \ \ F=— === == - - 1
1 \\ \ \ | |
A i \‘ 1 Address 1 X 24 X 24
. ' \ I Comparator !
! \‘ l, ) :_ .:
1 v ' A .
“ v \
] \\ ‘, \\ 5
\| A\l ) 3 Y
| I Host
ISR ICR CVR IVR  Latch RXH ||RXM || RXL TXH || TXM || TXL Side
| |
%8 %8 %8 %8 /fs A3 %8 &8 %8 Ts /Ts Ts
-€ ® < < *—
HOST Bus

Host-Side Registers

Control Registers Data Registers

ISR = Interface Status Register
ICR = Interface Control Register
CVR = Command Vector Register
IVR = Interrupt Vector Register

RXH = Receive Register High
RXM = Receive Register Middle
RXL = Receive Register Low
TXH = Transmit Register High
TXM = Transmit Register Middle
TXL = Transmit Register Low

Figure 6-1. HIO8 Block Diagram
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6.4 Operation

The HI08 is aslave-only device, so the host is the master of all bus transfers. In host-to-DSP
transfers, the host writes data to the Transmit Data Registers (TXH: TXM:TXL). In

DSP-to-host transfers the host reads datafrom the Receive Data Registers (RXH:RXM:RXL).

The DSP side has access only to the Host Receive Data Register (HRX) and the Host

Transmit Data Register (HTX). Data automatically moves between the host-side data

registers and the DSP-side data registers when it is available. This double-buffered

mechanism allows for fast data transfers but creates a “pipeline” that can either stall
communication (if the pipeline is either full or empty) or cause erroneous data transfers (new
data to be overwritten or old data to be read twice). The HIO8 port has several handshaking
mechanisms to counter these buffering effects.

Suppose the host is writing several pieces of data to the HIO8 port. The host first uses one of
the handshaking protocols to determine whether any data previously written to the Transmit
Data Registers (TXH: TXM:TXL) has successfully transferred to the DSP side. If the

host-side Transmit Data Registers (TXH:TXM:TXL) are empty, the host writes the data to
these registers. The transfer to the DSP-side Host Receive Data Register (HRX) occurs only if
HRX is empty (that is, the DSP has read it). The DSP core then uses an appropriate
handshaking protocol to move data from the HRX to the receiving buffer or register. Without
handshaking, the host might overwrite data not transferred to the DSP side or the DSP might
receive stale data.

Similarly, when the host performs multiple reads from the HIO8 port Receive Data Registers
(RXH:RXM:RXL), the DSP side uses an appropriate handshaking protocol to determine
whether any data previously written to the Host Transmit Register (HTX) has successfully
transferred to the host-side registers. If HTX is empty, the DSP writes the data to this register.
Data transfers to the host-side Receive Data Registers (RXH:RXM:RXL) occur only if they
are empty (that is, the host has read them). The host can then use any of the available
handshaking protocols to determine whether more data is ready to be read.

The DSP56303 HIO08 port offers the following handshaking protocols for data transfers with
the host:

m Software polling

m Interrupts

m Core DMA access

m Host requests
The choice of which protocol to use is based on such system constraints as the amount of data

to be transferred, the timing requirements for the transfer, and the availability of such
resources as processing bandwidth and DMA channels. All of these constraints are discussed
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in the following sections. The transfers described here occur asynchronously between the host
and the DSP; each transferring data at its own pace. However, use of the appropriate
handshaking protocol allows data transfers to occur at optimum rates.

6.4.1 Software Polling

Software polling is the simplest data transfer method to use, but it demands the greatest

amount of the core’s processing power. Status bits are provided for the host or the DSP core
to test and determine if the data registers are empty or full. However, the DSP core cannot be
involved in other processing activities while it is polling these status bits.

On the DSP side, for transfers from the DSP to the host (host reads), the DSP core must
determine the state of Host Transmit Data register (HTX). In transfers from the host to the
DSP (host writes), the DSP side should determine the state of the Host Receive Data Register
(HRX). Thus, two bits are provided to the core for polling:

m the Host Transmit Data Empty (HTDE) bit in the Host Status register (HSR[1]:HTDE)
m the Host Receive Data Full (HRDF) bit in the Host Status register (HSR[0]:HRDF)

A similar mechanism is available on the host-side to determine the state of the Transmit
Registers (TXH: TXM:TXL) and Receive Registers (RXH:RHM:RHL). Two bits are
provided to the host for polling:

m the Transmit Data Empty (TXDE) bit in the Interface Status Register (ISR[1]:TXDE)
m the Receive Data Full (RXDF) bit in the Interface Status Register (ISR[0]:RXDF)

The HIO8 also offers four general-purpose flags for communication between the host and the
DSP. The DSP-side uses the HSR Host Flag bits (HCR[4-3]=HF[3-2]) to pass
application-specific information to the host. The status of HF3—HF2 is reflected in the
host-side ISR Host Flag bits (ISR[4-3]=HF[3-2]). Similarly, the host side can use the ICR
Host Flag bits (ICR[4-3]=HF[1-0]) to pass application-specific information to the DSP. The
status of HF[1-0] is reflected in the DSP-side HSR Host Flag bits

(HSR[4-3]=HF[1-0]).

6.4.2 Core Interrupts and Host Commands

The HI08 can request interrupt service from the DSP56303 core. The DSP56303 core
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
interface sets the appropriate bit in the HSR, generating an interrupt request to the DSP56303
interrupt controller (seBigure 6-2). The DSP56303 acknowledges interrupts by jumping to

the appropriate interrupt service routine. The following DSP core interrupts are possible from
the HIO8 peripheral:
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m Host command
m  Transmit dataregister empty
m Receive dataregister full

These interrupts are maskabl e viathe Host Receive Interrupt Enable bit (HCR[O]=HRIE), the
Host Transmit Interrupt Enable bit (HCR[1]=HTIE), and the Host Command Interrupt Enable
bit (HCR[2]=HCIE), respectively. Receive Data Full and Transmit Data Empty interrupts
move data to/from the HTX and HRX data registers. The DSP interrupt service routine must
read or write the appropriate HI08 data register (HRX or HTX) to clear the interrupt
condition.

Enable
15 o
F— — — — — |l N
XHCR | HF3 | HF2 | HCIE| HTIE| HRIE | HCR
DSP Core Interrupts
Receive Data Full
)— Transmit Data Empty
+ Host Command
15 0
5 _
XHSR | | HF1 | Hro | Hep [HTDE HRDA HSR

Status

Figure 6-2. HIO8 Core Interrupt Operation

Host commands allow the host to issue command requests to the DSP by selecting any of 128
DSP interrupt routines for execution. For example, the host may issue acommand viathe
HI08 that sets up and enables a DMA transfer. The DSP56303 processor has reserved
interrupt vector addresses for application-specific service routines. However, thisflexibility is
independent of the data transfer mechanismsin the HI08 and allows the host to force
execution of any interrupt handler (for example, SSI, SCI, IRQx, and so on).

To enable Host Command interrupts, the HCR[2]=HCIE bit is set on the DSP side. The host

then uses the Command Vector Register (CVR) to start an interrupt routine. The host sets the

Host Command bit (CVR[7]=HC) to request the command interrupt and the seven Host

Vector bits CVR[6—0]=HV[6—0] to select the interrupt address to be used. When the DSP core
recognizes the host command interrupt, the address of the interrupt taken is 2xHV. For host
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command interrupts, the interrupt acknowledge from the DSP56303 program controller clears
the pending interrupt condition.

Note: When the DSP enters Stop mode, the HI08 pins are electrically disconnected
internally, thus disabling the HI08 until the core leaves Stop mode. Do not issue a
STOP command via the HI08 unless some other mechanism for exiting this mode
IS provided.

6.4.3 Core DMA Access

The DSP56300 family Direct Memory Access (DMA) controller permits transfers between
internal or external memory and 1/0 without any core intervention. A DMA channel can be
set up to transfer data to/from the HTX and HRX data registers, freeing the core to use its
processing power on functions other than polling or interrupt routines for the HI08. DMA
may well be the best method to use for data transfers, but it requires that one of the six DMA
channels be available for use. Two HIO8 DMA sources are possible, as Table 6-4 shows.
Refer to the DSP56300 Family Manual to learn about DMA accesses.

Table 6-4. DMA Request Sources

Requesting Device DCRx[15-11]=DRS[4-0]
Host Receive Data Full (HRDF=1) 10011
Host Transmit Data Empty (HTDE=1) 10100
Note: DMA transfers do not access the host bus. The host must determine when datais

available in the host-side data registers using an appropriate polling mechanism.

6.4.4 Host Requests

A set of signal lines allow the HIO8 to request service from the host. The request signal lines
normally connect to the host interrupt request pins (IRQx) and indicate to the host when the
DSP HI08 port requires service. The HI08 can be configured to use either a single Host
Request (HREQ) line for both receive and transmit requests or two signal lines, a Host
Transmit Request (HTRQ) and a Host Receive Request (HRRQ), for each type of transfer.

Host requests are enabled on both the DSP-side and host-side. On the DSP side, the HPCR
Host Request Enable bit (HPCR[4]=HREN) is set to enable host requests. On the host side,
clearing the ICR Double Host Request bit (ICR[2]=HDRQ) configures the HI08 to use a
single request line (HREQ). Setting the ICR[2]=HDRQ bit enables both transmit and request
lines to be used. Further, the host uses the ICR Receive Request Enable bit (ICR[0]=RREQ)
and the ICR Transmit Request Enable bit (ICR[1]=TREQ) to enable receive and transmit
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requests, respectively. When host requests are enabled, the host request pins operate as shown
in Figure 6-3.

Status

7 A 0
$2 (HREQ| o | o | HF3| HF2|TRDY| TXDE| RXDH ISR Host Request
Signals
o e 1 P
T;[>7 HREQ
}—e HTRQ
7 0
so | INT | o | o [ HF1| HFo [HLEND TREQ|RREQ|ICR
N —
Enable

Figure 6-3. HIO8 Host Request Structure

Table 6-5 shows the operation of the HREQ pin when a single request lineis used. The host
can test these | CR bits to determine the interrupt source.

Table 6-5. HREQ Pin Operation In Single Request Mode (ICR[2]=HDRQ=0)

ICR[1]=TREQ ICR[0]=RREQ HREQ Pin

No interrupts

TXDE request enabled

0 0
0 1 RXDF request enabled
1 0
1 1

RXDF and TXDE request enabled

Table 6-6 shows the operation of the transmit request (HTRQ) and receive request (HRRQ)
lines with dual host requests enabled.

Table 6-6. HTRQ and HRRQ Pin Operation In Double Request Mode (ICR[2]=HDRQ=1)

ICR[1]=TREQ ICR[0]=RREQ HTRQ Pin HRRQ Pin
0 0 No interrupts No interrupts
0 1 No interrupts RXDF request enabled
1 0 TXDE Request enabled No interrupts
1 1 TXDE Request enabled RXDF request enabled
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6.4.5 Endian Modes

The Host Little Endian bit in the host-side Interface Control Register (ICR[5]=HLEND)
allows the host to access the HI08 dataregistersin Big Endian or Little Endian mode. In Little
Endian mode (HLEND=1), a host transfer occurs as shown in Figur e 6-4.

HTX/HRX Bit Number: 23 0
aa bb cc
DSP side A
Host side * % *
Low Byte —p» cc bb aa  |-e— High Byte
(read/write last!)
Host bus address: $5 $6 $7
Y e
. ost 32 b.lt XX cc bb aa
internal register

Figure 6-4. HIO8 Read and Write Operations in Little Endian Mode

The host can transfer one byte at atime, so a 24-bit datum would be transferred using three
store (or load) byte operations, ensuring that the data byte at host bus address $7 iswritten last
since this causes the transfer of the data to the DSP-side HRX. However, the host bus
controller may be sophisticated enough that the host can transfer all bytesin asingle operation
(instruction). For example, in the PowerPC M PC860 processor, the General-Purpose
Controller Module (GPCM) in the memory controller can be programmed so that the host can
execute asingle read (load word, LDW) or write (store word, STW) instruction to the HI08
port and cause four byte transfersto occur on the host bus. The 32-bit datum transfer shown in
Figur e 6-4 has byte data xx written to HI08 address $4, byte aato address $5, byte bb to
address $6 and byte cc to address $7 (this assumes the 24-bit datum is contained in the lower
24 bits of the host's 32-bit data register as shown).
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A similar operation occurs when the HIO8 isinitialized in Big Endian mode by clearing the
Host Little Endian bit (ICR[5]=HLEND). Big Endian mode is depicted in Figur e 6-5.

HTX/HRX Register: 23 0
aa bb cc
DSP side A
Host side * % %
High Byte—» aa bb cc < LowByte
(read/write last!)
Host bus address: $5 $6 $7
4 i
. ost 32 b.lt XX aa bb cc
internal register

Figure 6-5. HIO8 Read and Write Operations in Big Endian Mode

6.5 Boot-up Using the HIO8 Host Port

The DSP56300 core has eight bootstrap operating modes to start up after reset. Asthe
processor exits the Reset state the value at the external mode pins MODA/IRQA, MODB/IRQB,
MODC/IRQC and MODD/IRQD are loaded into the Chip Operating Mode bits (MA, MB, MC
and MD) of the Operating Mode Register (OMR). These bits determine the bootstrap
operating mode. Modes C, D, E and F use the HI08 host port to bootstrap the application code
to the DSP. Table 6-7 describes these modes.

Table 6-7. HIO8 Boot Modes

Mode MODD MODC MODB MODA HI08 Bootstrap Description
C 1 1 0 0 ISA/DSP5630x mode
D 1 1 0 1 HC11 non-multiplexed bus mode

1

0

8051 multiplexed bus mode

1

1

MC68302 bus mode

The bootstrap program is factory-programmed into an internal 192-word by 24-bit bootstrap

ROM at locations $FF0000-$FFO0BF of P memory. This program can load program RAM
segment from the HIO8 host port. When any of the modes in the preceding table are used, the
core begins executing the bootstrap program and configures the HIO8 based on the OMR
mode bits.
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The bootstrap program then expects the following data sequence when the user program is
downloaded from the HI08:

1. Three bytes (least significant byte first) indicating the number of 24-bit program words to
be |oaded.

2. Three bytes (least significant byte first) indicating the 24-bit starting address in P-memory
to load the user’s program.

3. The user program (three bytes, least significant byte first, for each program word).

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

6.6 DSP Core Programming Model

The DSP56300 core treats the HI08 as a memory-mapped peripheral occupying eight 24-bit
wordsin X data memory space. The DSP can 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
DSP56303 core to communicate with the HI08 registers using standard instructions and
addressing modes. In addition, the MOV EP instruction allows direct data transfers between
DSP56303 internal memory and the HIO8 registers or vice versa.

There are two types of host processor registers, data and control, with eight registersin all.
The DSP core can access all eight registers, but the external host cannot. The following data
registers are 24-bit registers used for high-speed data transfers by the DSP core.

m Host datareceive register (HRX), on page 6-22
m Host data transmit register (HTX), on page 6-21

The DSP-side control registers are 16-hit registers that control HI08 functionality:

m Host control register (HCR), on page 6-14
m Host status register (HSR), on page 6-15
m Host GPIO datadirection register (HDDR), on page 6-16
m Host GPIO dataregister (HDR), on page 6-16
m Host base address register (HBAR), on page 6-17
m Host port control register (HPCR), on page 6-18
Both hardware and software resets disable the HI08. After areset, the HIO8 signals are

configured as GPIO and disconnected from the DSP56300 core (that is, the signals are | eft
floating).
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6.6.1 Host Control Register (HCR)

This read/write register controls the HI08 interrupt operation. Initialization values for HCR
bits are presented in Section 6.6.9, DSP-Sde Registers After Reset, on page 6-22.

15 14

13 12 11 10 9 8 7 6 5 4 3 2 1 0

HF3 |HF2 |HCIE [HTIE [HRIE

l:l—Reserved bit; read as 0; write to O for future compatibility.

Figure 6-6. Host Control Register (HCR) (X:$FFFFC2)
Table 6-8. Host Control Register (HCR) Bit Definitions

Bit Number

Bit Name Reset Value Description

15-5

0 Reserved. Write to O for future compatibility.

4-3

HF[3 -2] 0 Host Flags 2, 3

General-purpose flags for DSP-to-host communication. The DSP core can
set or clear HF[3-2]. 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. These
two general-purpose flags 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. The bit value is indeterminate after
an individual reset.

HCIE 0 Host Command Interrupt Enable

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
(for example, HRDF is set, HCP is set, HRIE is set, and HCIE is set), the
HIO8 generates interrupt requests according to priorities shown here. The
bit value is indeterminate after an individual reset.

Priority Interrupt Source
Highest Host Command (HCP = 1)
Transmit Data (HTDE = 1)

Lowest Receive Data (HRDF = 1)

HTIE 0 Host Transmit Interrupt Enable

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
transferred from the HTX to the RXH, RXM, or RXL registers. If HTIE is
cleared, HTDE interrupts are disabled. The bit value is indeterminate after
an individual reset.

6-14
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Table 6-8. Host Control Register (HCR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

0

HRIE

0

Host Receive Interrupt Enable

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 transferred to the HRX from the TXH, TXM, or TXL
registers. If HRIE is cleared, HRDF interrupts are disabled. The bit value is
indeterminate after an individual reset.

6.6.2 Host Status Register (HSR)

The HSR is a 16-bit read-only status register by which the DSP reads the HI08 status and
flags. The host processor cannot accessit directly. Theinitialization values for the HSR bits
are discussed in Section 6.6.9, DSP-Sde Registers After Reset, on page 6-22.

15 14

13 12

11 10

HF1 | HFO | HCP |HTDE|HRDF

|:|—Reserved bit; read as 0; write to O for future compatibility.
Figure 6-7. Host Status Register (HSR) (X:$FFFFC3)

Table 6-9. Host Status Register (HSR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

15-5

0

Reserved. Write to O for future compatibility.

4-3

HF[1-0]

0

Host Flags 0, 1

General-purpose flags for host-to-DSP communication. These bits reflect
the status of host flags HF[1-0] in the ICR on the host side. These two
general-purpose flags 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.

HCP

Host Command Pending

Reflects the status of the CVR[HC] bit. When set, it indicates that a host
command interrupt is pending. HI08 hardware clears HC and HCP when
the DSP core services the interrupt request. If the host clears HC, HCP is
also cleared.

HTDE

Host Transmit Data Empty

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. The host processor can also set HTDE
using the initialize function. HTDE is cleared when the DSP core writes to
HTX.
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Table 6-9. Host Status Register (HSR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

0 HRDF 0 Host Receive Data Full

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. The host processor can also
clear HRDF using the initialize function.

6.6.3 Host Data Direction Register (HDDR)

The HDDR controls the direction of the dataflow for each of the HI08 signals configured as
GPIO. Even when the HI08 functions as the host interface, its unused signals can be
configured as GPIO signals. For information on the HIO8 GPIO configuration options, see
Section 6.2, Host Port Sgnals, on page 6-3. If Bit DRxx is set, the corresponding HI08
signal is configured as an output signal. If Bit DRxx is cleared, the corresponding HI08 signal
Is configured as an input signal. Hardware and software reset clear the HDDR bits.

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

Figure 6-8. Host Data Direction Register (HDDR) (X:$FFFFC8)
6.6.4 Host Data Register (HDR)

The HDR register holds the data value of the corresponding bits of the HI08 signals
configured as GPIO signals. The functionality of Dxx depends on the corresponding HDDR
bit (that is, DRxx).The host processor can not access the Host Data Register (HDR)

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

Figure 6-9. Host Data Register (HDR) (X:$FFFFCB8)

Table 6-10. HDR and HDDR Functionality

HDDR HDR
Dxx
DRXX - -
GPIO Signal! Non-GPIO Signalt
0 Read-only bit—The value read is the binary value of Read-only bit—Does not contain significant data.
the signal. The corresponding signal is configured as
an input.
1 Read/write bit— The value written is the value read. Read/write bit— The value written is the value read.
The corresponding signal is configured as an output
and is driven with the data written to Dxx.

1. Defined by the selected configuration.
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6.6.5 Host Base Address Register (HBAR)

In multiplexed bus modes, HBAR selects the base address where the host-side registers are
mapped into the host bus address space. The address from the host bus is compared with the
base address as programmed in the Base Address Register. An internal chip select is
generated if amatch isfound. Figure 6-11 shows how the chip-select logic uses HBAR.

15 14 13 12 11 10 9 8 7 6 5 4

BA10| BA9 | BA8 | BA7 | BA6 | BA5 | BA4 | BA3

|:|—Reserved bit, read as 0, write to 0 for future compatibility.

Figure 6-10. Host Base Address Register (HBAR) (X:$FFFFC5)
Table 6-11. Host Base Address Register (HBAR) Bit Definitions

Bit Number Bit Name Reset Value Description

15-8 0 Reserved. Write to 0 for future compatibility.

7-0 BA[10-3] $80 Base Address

Reflect the base address where the host-side registers are mapped into
the bus address space.

HAD[0-7] ——>

Latch
HAS —> A[3_7]|
HA[8-10] > ISi .
% Chip select
Base . j g—
DSP Peripheral Address 8 b/lts S
Data Bus — > Reugister 7 >

Figure 6-11. Self Chip-Select Logic
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6.6.6 Host Port Control Register (HPCR)

The HPCR is aread/write control register that controls the HI08 operating mode. HPCR bit
initialization values are discussed in Section 6.6.9, DSP-Sde Registers After Reset, on page
6-22. Hardware and software reset clear the HPCR hits.

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|HASEN|HGEN

|:|—Reserved bit, read as 0; write to O for future compatibility.
Figure 6-12. Host Port Control Register (HPCR) (X:$FFFFC4)

Note: To assure proper operation of the DSP56303, the HPCR bits HAP, HRP, HCSP,
HDDS, HMUX, HASP, HDSP, HROD, HAEN, and HREN should be changed
only if HEN is cleared. Similarly, the HPCR bits HAP, HRP, HCSP, HDDS,
HMUX, HASP, HDSP, HROD, HAEN, HREN, HCSEN, HA9EN, and HA8SEN
should not be set when HEN is set nor at the time HEN is set.

Table 6-12. Host Port Control Register (HPCR) Bit Definitions

Bit Number Bit Name Reset Value Description

15 HAP 0 Host Acknowledge Polarity

If HAP is cleared, the host acknowledge (HACK) signal is configured as an
active low input. The HIO8 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 HI08 outputs the contents of the
IVR when the HACK signal is high.

14 HRP 0 Host Request Polarity

Controls the polarity of the host request signals. In single host request
mode (that is, when HDRQ is cleared in the ICR), if HRP is cleared and
host requests are enabled (that is, if HREN is set and HEN is set), then
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. In the double host
request mode (that is, when HDRQ is set in the ICR), if HRP is cleared
and host requests are enabled (that is, if HREN is set and HEN is set),
then 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.

13 HCSP 0 Host Chip Select Polarity

If the HCSP bit is cleared, the host chip select (HCS) signal is configured
as an active low input and the HIO08 is selected when the HCS signal is
low. If the HCSP signal is set, HCS is configured as an active high input
and the HIO8 is selected when the HCS signal is high.
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Table 6-12. Host Port Control Register (HPCR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

12

HDDS

0

Host Dual Data Strobe

If the HDDS bit is cleared, the HIO8 operates in single-strobe bus mode. In
this mode, the bus has a single data strobe signal for both reads and
writes. If the HDDS bit is set, the HIO8 operates in dual strobe bus mode.
In this mode, the bus has two separate data strobes: one for data reads,
the other for data writes. See Figure 6-13 on page 6-21 and Figure 6-14
on page 6-21 for details on dual and single strobe modes.

11

HMUX

Host Multiplexed Bus

If HMUX is set, the HIO8 operates in multiplex mode, latching 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 HI0O8 is connected to a
non-multiplexed type of bus. The values of the address lines are then
taken from the HI08-dedicated address signals.

10

HASP

Host Address Strobe Polarity

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.

HDSP

Host Data Strobe Polarity

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.

HROD

Host Request Open Drain

Controls the output drive of the host request signals. In the single host
request mode (that is, when HDRQ is cleared in ICR), if HROD is cleared
and host requests are enabled (that is, if HREN is set and HEN is set in
the host port control register (HPCR)), then the HREQ signal is always
driven by the HIO8. If HROD is set and host requests are enabled, the
HREQ signal is an open drain output. In the double host request mode
(that is, when HDRQ is set in the ICR), if HROD is cleared and host
requests are enabled (that is, if HREN is set and HEN is set in the HPCR),
then 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.

Reserved. Write to O for future compatibility.

HEN

Host Enable

If HEN is set, the HIO8 operates as the host interface. If HEN is cleared,
the HIO8 is not active, and all the HIO8 signals are configured as GPIO
signals according to the value of the HDDR and HDR.
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Table 6-12. Host Port Control Register (HPCR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

5 HAEN 0 Host Acknowledge Enable

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 GPIO 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.

4 HREN 0 Host Request Enable

Controls the host request signals. If HREN is set and the HI08 is in the
single host request mode (that is, if HDRQ is cleared in the host interface
control register (ICR)), then 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 (that is, if 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.

3 HCSEN 0 Host Chip Select Enable

If the HCSEN bit is set, HCS/HA10 is a host chip select (HCS) in the
non-multiplexed bus mode (that is, when HMUX is cleared) and host
address line 10 (HA10) in the multiplexed bus mode (that is, when HMUX
is set). If this bit is cleared, HCS/HA10 is configured as a GPIO signal
according to the value of the HDDR and HDR.

2 HA9EN 0 Host Address Line 9 Enable

If HA9EN is set and the HI08 is in multiplexed bus mode, then HA9/HA2 is
host address line 9 (HA9). If this bit is cleared and the HI0O8 is in
multiplexed bus mode, then HA9/HA2 is configured as a GPIO signal
according to the value of the HDDR and HDR.

NOTE: HA9EN is ignored when the HIO8 is not in the multiplexed bus
mode (that is, when HMUX is cleared).

1 HABEN 0 Host Address Line 8 Enable

If HABEN is set and the HIOS8 is in multiplexed bus mode, then HA8/A1 is
host address line 8 (HA8). If this bit is cleared and the HIO8 is in
multiplexed bus mode, then HA8/HAL is a GPIO signal according to the
value of the HDDR and HDR.

NOTE: HA8EN is ignored when the HIO8 is not in the multiplexed bus
mode (that is, when HMUX is cleared).

0 HGEN 0 Host GPIO Port Enable

Enables/disables signals configured as GPIO. If this bit is cleared, signals
configured as GPIO are disconnected: outputs are high impedance, inputs
are electrically disconnected. Signals configured as HIO8 are not affected
by the value of HGEN.
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HRW \ /
HDS \ /

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

Figure 6-13. Single-Strobe Mode

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

>< Read Data Out ><
Read Cycle \ /

In dual-strobe mode, separate HRD and HWR signals specify the access as a read or write
access, respectively.

Data

HRD

Figure 6-14. Dual-Strobe Mode
6.6.7 Host Transmit (HTX) Register

The HTX register isused in DSP-to-host data transfers. The DSP56303 views it as a 24-bit
write-only register. Its addressis X:$FFFFC7. Writing to the HTX register clears the host
transfer data empty bit (HSR[HTDE]) on the DSP side. The contents of the HTX register are
transferred as 24-bit data to the Receive Data Registers (RXH:RXM:RXL) when both
HSR[HTDE] and receive data full (ISR[RXDF]) on the host-side bits are cleared. This
transfer operation sets the ISR[RXDF] and HSR[HTDE] bits. The DSP56303 can set the
HCR[HTIE] bit to cause a host transmit data i nterrupt when HSR[HTDE] is set. To prevent
the previous data from being overwritten, the DSP56303 should never write to the HTX when
HSR[HTDE] is cleared.

Note: When dataiswritten to a peripheral device, thereisatwo-cycle pipeline delay until
any status bits affected by this operation are updated. If you read any of the status
bits within the next two cycles, the bit does not reflect its current status. For details,
see Section 5.4.1, Polling, on page 5-3.
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6.6.8 Host Receive (HRX) Register

The HRX register is used in host-to-DSP data transfers. The DSP56303 views it as a 24-bit
read-only register. Its addressis X:$FFFFC6. It is loaded with 24-bit data from the transmit
dataregisters (TXH: TXM:TXL on the host side) when both the transmit data register empty
(ISR[TXDE]) on the host side and host receive datafull (HSR[HRDF]) on the DSP side are
cleared. The transfer operation sets both ISR[TXDE] and HSR[HRDF]. When the
HSR[HRDF] is set, the HRX register contains valid data. The DSP56303 can set the
HCR[HRIE] to cause a host receive data interrupt when HSR[HRDF] is set. When the
DSP56303 reads the HRX register, the HSR[HRDF] bit is cleared.

Note: The DSP56303 should never try to read the HRX register if the HSR[HRDF] bit is
aready cleared.

6.6.9 DSP-Side Registers After Reset

Table 6-13 shows the results of the four reset types on the bits in each of the HI08 registers
accessible to the DSP56303. The hardware reset (HW) is caused by the RESET signal. The
software reset (SW) is caused by execution of the RESET instruction. The individual reset
(IR) occurs when HPCR[HEN] is cleared. The stop reset (ST) occurs when the STOP
Instruction executes.

Table 6-13. DSP-Side Registers After Reset

_ _ Reset Type
Register Register
Name Data HW SW IR ST
Reset Reset Reset Reset
HCR All bits 0 0 — —
HPCR All bits 0 0 — —
HSR HF[1-0] 0 0 — —
HCP 0 0 0 0
HTDE 1 1 1 1
HRDF 0 0 0 0
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: A long dash (—) denotes that the bit value is not affected by the specified reset.
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6.7 Host Programmer Model

The HI08 provides 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 paths are
double-buffered to allow the DSP core and host processor to transfer data efficiently at high
speed. The host can access the HI08 asynchronously using polling techniques or
interrupt-based techniques. The HI08 appears to the host processor as a memory-mapped
peripheral occupying eight bytesin the host processor address space. (See Table 6-14.)

The eight HIO08 registers include the following:

m A control register (ICR), on page 6-24

m A statusregister (ISR), on page 6-27

m Three dataregisters (RXH/TXH, RXM/TXM, and RXL/TXL), on page 6-30
m  Two vector registers (CVR and IVR), on page 6-26 and page 6-29

To transfer data between itself and the HI08, the host processor bus performs the following
steps:

1. Assertsthe HI08 address and strobes to select the register to be read or written. (Chip
select in non-multiplexed mode, the address strobe in multiplexed mode.)

2. Selectsthe direction of the datatransfer. If it iswriting, the host processor places the data
on the bus. Otherwise, the HI08 places the data on the bus.

3. Strobes the data transfer.

Host processors can use standard host processor instructions (for example, 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-, or 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 DSP56303
interrupt response, most host microprocessors can load or store data at their maximum
programmed I/O instruction rate without testing the handshake flags for each transfer. If full
handshake is not needed, the host processor can treat the DSP56303 as afast device, and data
can be transferred between the host processor and the DSP56303 at the fastest data rate of the
host processor.

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 DSP56303. The
host can select any of 128 DSP interrupt routines for execution by writing a vector address
register in the HI08. Thisflexibility allows the host processor to execute up to 128
pre-programmed functions inside the DSP56303. For example, the DSP56303 host interrupts
allow the host processor to read or write DSP registers (X, Y, or program memory locations),
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force interrupt handlers (for example, ESSI, SCI, IRQA, IRQB interrupt routines), and perform
control or debugging operations.

Note: When the DSP enters Stop mode, the HIO8 signals are electrically disconnected
internally, thus disabling the HI08 until the core |eaves stop mode. While the HI0O8
configuration remains unchanged in Stop mode, the core cannot be restarted viathe
HI08 interface. Do not issue a STOP command to the DSP viathe HI08 unless you
provide some other mechanism to exit stop mode.

Table 6-14. Host-Side Register Map

Host Big Endian Little Endian Register Name
Address HLEND = 0 HLEND = 1 9
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 Data
7 RXL/TXL RXH/TXH

6.7.1 Interface Control Register (ICR)

The ICR is an 8-bit read/write control register by which the host processor controls the HI08
interrupts and flags. The DSP core cannot access the ICR. The ICR is aread/write register,
which allows the use of bit manipulation instructions on control register bits. Hardware and
software reset clear the ICR hits.

7 6 5 4 3 2 1 0
| INIT | |[HLEND| HF1 | HFO |HDRQ | TREQ | RREQ|
Ij —Reserved bit; read as 0; write to O for future compatibility.

Figure 6-15. Interface Control Register (ICR)
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Table 6-15. Interface Control Register (ICR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

INIT

0

Initialize

The host processor uses the INIT bit to force initialization of the HIO8
hardware. During initialization, the HIO8 transmit and receive control bits
are configured. Whether it is necessary to use the INIT bit to initialize the
HI08 hardware depends on the software design of the interface.

The type of initialization 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
HI08, configures the HIO8 into the desired data transfer mode. When the
host sets the INIT bit, the HIO8 hardware executes the INIT command.
The interface hardware clears the INIT bit after the command executes.

After INIT Transfer Direction

TREQ

RREQ

Execution

Initialized

0

0

INIT=0

None

0

1

INIT = 0;
RXDF =0; HTDE =1

DSP to host

INIT = 0;

Host to DSP

TXDE =1; HRDF =0

INIT = 0; Host to/from DSP
RXDF = 0; HTDE =
1; TXDE = 1;

HRDF =0

Reserved. Write to 0 for future compatibility.

HLEND

Host Little Endian

If the HLEND bit is cleared, the host can access the HI08 in Big-Endian
byte order. If set, the host can access the HI08 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.

HF1

Host Flag 1

A general-purpose flag for host-to-DSP communication. The host
processor can set or clear HF1, and the DSP56303 can not change it.
HF1 is reflected in the HSR on the DSP side of the HIO8.

HFO

Host Flag 0

A general-purpose flag for host-to-DSP communication. The host
processor can set or clear HF0O, and the DSP56303 cannot change it. HFO
is reflected in the HSR on the DSP side of the HI08.

HDRQ

Double Host Request

If cleared, the HDRQ bit configures HREQ/HTRQ and HACK/HRRQ as
HREQ and HACK, respectively. If HDRQ is set, HREQ/HTRQ is
configured as HTRQ, and HACK/HRRQ is configured as HRRQ.
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Table 6-15. Interface Control Register (ICR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

1

TREQ

0

Transmit Request Enable
Enables 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.

TREQ and RREQ modes (HDRQ =0)

TREQ

RREQ

HREQ Signal

No interrupts (polling)

RXDF request (interrupt)

TXDE request (interrupt)

0
0
1
1

0
1
0
1

RXDF and TXDE request (interrupts)

TREQ and RREQ modes (HDRQ =1)

TREQ

RREQ

HTRQ Signal

HRRQ Signal

0

No interrupts
(polling)

No interrupts
(polling)

No interrupts
(polling)

RXDF request
(interrupt)

TXDE request
(interrupt)

No interrupts
(polling)

TXDE request
(interrupt)

RXDF request
(interrupt)

RREQ

Receive Request Enable

Controls the HREQ signal for host receive data transfers. RREQ enables
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.

6.7.2 Command Vector Register (CVR)

The host processor uses the CVR, an 8-bit read/write register, to cause the DSP56303 to
execute an interrupt. The host command feature is independent of any of the data transfer
mechanismsin the HI08. It causes execution of any of the 128 possible interrupt routines in
the DSP core. Hardware, software, individual, and stop resets clear the CVR hits.

6-26

7 6

5 4 3 2 1 0

| HC | HV6 | HV5 | HV4 | HV3 | HV2 | HVL | HVO |

Figure 6-16.

Command Vector Register (CVR)
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Table 6-16. Command Vector Register (CVR) Bit Definitions

Bit Number Bit Name Reset Value Description

7 HC 0 Host Command

The host processor uses the HC bit to handshake the execution of host
command interrupts. Normally, the host processor sets HC to request a
host command interrupt from the DSP56303. When the DSP56303
acknowledges the host command interrupt, HIO8 hardware clears the HC
bit. The host processor can read the state of HC to determine when the
host command has been accepted. After setting HC, the host must not
write to the CVR again until the HIO8 hardware clears the HC. 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.

6-0 HV[6-0] $32 Host Vector

Select the host command interrupt address for use by the host command
interrupt logic. When the DSP interrupt control logic recognizes the host
command interrupt, 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 interrupt handler (ESSI, SCI, IRQA, IRQB, and so forth) and can use
any reserved or otherwise unused addresses (if have been
pre-programmed in the DSP). HV is set to $32 (vector location $064) by
hardware, software, individual, and stop resets.

6.7.3 Interface Status Register (ISR)

The host processor uses the ISR, an 8-bit read-only status register, to interrogate the HI08
status and flags. The DSP core cannot address the I SR.

7 6 5 4 3 2 1 0
| HREQ | | | HF3 | HF2 | TRDY | TXDE | RXDF |

l:l—Reserved bit; read as 0; write to O for future compatibility.

Figure 6-17. Interface Status Register (ISR)
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Table 6-17. Interface Status Register (ISR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

HREQ

0 (Hardware
and Software
reset)

1 (Individual
reset and
TREQ is set)
1 (Stop reset
and TREQ is
set)

Host Request

If HDRQ is set, the HREQ bit indicates the status of the external transmit
and receive request output signals (HTRQ and HRRQ). If HDRQ is
cleared, HREQ indicates the status of the external host request output
signal (HREQ). The HREQ bit is set from either or both of two conditions—
the receive byte registers are full or the transmit byte registers are empty.
These conditions are indicated by status bits: ISR RXDF indicates that the
receive byte registers are full, and ISR TXDE indicates that the transmit
byte registers are empty. If the interrupt source is 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.

HDRQ HREQ Effect

0 0

HREQ is cleared; no host processor
interrupts are requested.

HREQ is set; an interrupt is requested.

HTRQ and HRRQ are cleared, no host
processor interrupts are requested.

HTRQ or HRRQ are set; an interrupt is
requested.

Reserved. Write to O for future compatibility.

HF3

Host Flag 3
Indicates the state of HF3 in the HCR on the DSP side. HF3 can be
changed only by the DSP56303. Hardware and software reset clear HF3.

HF2

Host Flag 2
Indicates the state of HF2 in the HCR on the DSP side. HF2 can be
changed only by the DSP56303. Hardware and software reset clear HF2.

TRDY

Transmitter Ready

Indicates that TXH: TXM:TXL and the HRX registers are empty. 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 that causes the DSP56303 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 DSP56303. Hardware, software, individual, and stop
resets all set TRDY.

CAUTION:
TRDY = TXDE and HRDF
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Table 6-17. Interface Status Register (ISR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

1 TXDE 1 Transmit Data Register Empty

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 register (TXL or TXH according to HLEND bit)
is written by the host processor. The host processor can set TXDE using
the initialize function. TXDE can 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).
Hardware, software, individual, and stop resets all set TXDE.

0 RXDF 0 Receive Data Register Full

Indicates that the receive byte registers (RXH:RXM:RXL) contain data
from the DSP56303 to be read by the host processor. RXDF is set when
the HTX is transferred to the receive byte registers. RXDF is cleared when
the host processor reads the receive data register (RXL or RXH according
to HLEND bit). The host processor can clear RXDF using the initialize
function. RXDF can 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 the
host processor can use polling techniques).

6.7.4 Interrupt Vector Register (IVR)

ThelVRisan 8-bit read/write register that typically containsthe 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
theHREQ andHACK 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 [ ve | ivs | iva [ va [ iv2 | v | Ivo |

Figure 6-18. Interrupt Vector Register (IVR)
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6.7.5 Receive Data Registers (RXH:RXM:RXL)

The host processor views the receive byte registers as three 8-bit read-only registers: the

receive high register (RXH), the receive middle register (RXM), and the receive low register

(RXL). They receive datafrom 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. The memory address of the receive byte registers are set by ICR[HLEND]. If
ICR[HLEND] is set, the RXH is located at address $7, RXM at $6, and RXL at $5. If
ICR[HLEND] is cleared, the RXH is located at address $5, RXM at $6, and RXL at $7.

When data is transferred from the HTX register to the receive byte register at host address $7,
the ISR Receive Data Register Full (RXDF) bit is set. The host processor can program the
RREQ bit to assert the external HREQ signal when ISR[RXDF] is set. This indicates that the
HIO8 has a full word (either 8, 16, or 24 bits) for the host processor. The host processor can
program the RREQ bit to assert the external HREQ signal when ISR[RXDF] is set. Assertion
of 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 ISR[RXDF] bit is
cleared.

Note: The external host should never read the RXH:RXM:RXL registersif the
ISR[RXDF] hit is cleared.

6.7.6 Transmit Data Registers (TXH: TXM:TXL)

The host processor views the transmit byte registers as three 8-bit write-only registers. 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 ICR[HLEND] 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 can be written into the transmit byte registers when the ISR transmit data register empty
(TXDE) bit is set. The host processor can program the ICR[TREQ)] bit to assert the external
HREQ/HTRQ signal when ISR[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
ISR[TXDE] bit. The contents of the transmit byte registers are transferred as 24-bit data to the
HRX register when both ISR[TXDE] and HSR[HRDF] are cleared. This transfer operation
sets HSR[TXDE] and HSR[HRDF].
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Note:

ISR[TXDE] hit is cleared.

Note:

The external host should never write to the TXH: TXM:TXL registersif the

When dataiswritten to a peripheral device, thereisatwo-cycle pipeline delay until

any status bits affected by this operation are updated. If you read any of those status
bits within the next two cycles, the bit will not reflect its current status. For details,

see Section 5.4.1, Polling, on page 5-3.

6.7.7 Host-Side Registers After Reset

Table 6-18 shows the result of the four kinds of reset on bits in each of the HI08 registers
seen by the host processor. To cause a hardware reset, assert the RESET signal. To cause a
software reset, execute the RESET instruction. To reset the HEN bit individually, clear the

HPCR[HEN] bit. To cause a stop reset, execute the STOP instruction.
Table 6-18. Host-Side Registers After Reset

Reset Type
Register Register

Name bata Rz\s/\clet Ri\gat Individual Reset STOP
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] $OF $OF — —

RX RXH:RXM:RXL empty empty empty empty

TX TXH:TXM:TXL empty empty empty empty

Note: A long dash (—) denotes that the bit value is not affected by the specified reset.
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6.8 Programming Model Quick Reference

Table 6-19 summarizes the HI08 programming model.

Table 6-19. HIO8 Programming Model, DSP Side

Bit Reset Type
Register . .
Bit . . HW/ Indivi-
No. Bit Name Value Function SW dual STOP
HCR 0 HRIE |Receive Interrupt 0 HRRQ interrupt disabled 0 — —
Enable 1 HRRQ interrupt enabled
1 HTIE |Transmit Interrupt 0 HTRQ interrupt disabled 0 — —
Enable 1 HTRQ interrupt enabled
2 HCIE |Host Command 0 HCP interrupt disabled 0 — —
Interrupt Enable 1 HCP interrupt enabled
3 HF2 Host Flag 2 0
4 HF3 |Host Flag 3 0 — —
HPCR 0 HGEN [Host GPIO Enable 0 GPIO signal disconnected 0 — —
1 GPIO signals active
1 HA8EN |Host Address Line 0 HA8/A1 = GPIO 0 — —
8 Enable 1 HA8/AL1 = HA8
2 HA9EN |Host Address Line 0 HA9/A2 = GPIO 0 — —
9 Enable 1 HA9/A2 = HA9
3 HCSEN |Host Chip Select 0 HCS/A10 = GPIO 0 — —
Enable 1 HCS/A10 = HCS
4 HREN |Host Request HDRQ =0 0 — —
Enable HDRQ =1
0 HREQ/HTRQ = GPIO HREQ/HTRQ
HACK/HRRQ = GPIO
1 HREQ/HTRQ =
HREQ,HREQ/HTRQ
HACK/HRRQ = HTRQ, HRRQ
5 HAEN |Host Acknowledge HDRQ =0 0 — —
Enable HDRQ=1
0 HACK/HRRQ = GPIO HREQ/HTRQ
HACK/HRRQ = GPIO
1 HACK/HRRQ = HACK
HREQ/HTRQ
HACK/HRRQ = HTRQ, HRRQ
6 HEN |Host Enable 0 Host Port = GPIO 0 — —
1 Host Port Active
7 — Reserved 0 Reserved 0 — —
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Table 6-19. HIO8 Programming Model, DSP Side (Continued)

Bit Reset Type
Register . L
Bit . . HW/ Indivi-
No. Bit Name Value Function SW dual STOP
HPCR 8 HROD |Host Request 0 HREQ/HTRQ/HRRQ = driven 0
Open Drain 1 HREQ/HTRQ/HRRQ = open drain
9 HDSP |Host Data Strobe 0 HDS/HRD/HWR active low 0 — —
Polarity 1 HDS/HRD/HWR active high
10 HASP |Host Address 0 HAS active low 0 — —
Strobe Polarity 1 HAS active high
11 HMUX |Host Multiplexed 0 Separate address and data lines 0 — —
Bus 1 Multiplexed address/data
12 HDDS |Host Dual Data 0 Single Data Strobe (HDS) 0 — —
Strobe 1 Double Data Strobe (HWR, HRD)
13 HCSP |Host Chip Select 0 HCS active low 0 — —
Polarity 1 HCS active high
14 HRP  |Host Request 0 HREQ/HTRQ/HRRQ active low 0 — —
Polarity 1 HREQ/HTRQ/HRRQ active high
15 HAP  |HostAcknowledge 0 HACK active low 0 — —
Polarity 1 HACK active high
HSR 0 HRDF |HostReceive Data 0 no receive data to be read 0 0 0
Full 1 Receive Data Register is full
1 HTDE |[Host Transmit 1 The Transmit Data Register is 1 1 1
Data Empty 0 empty.
The Transmit Data Register is not
empty.
2 HCP  |Host Command 0 no host command pending 0 0 0
Pending 1 host command pending
3 HFO Host Flag 0 0 — —
4 HF1 Host Flag 1 0 — —
HBAR 7-0 | BA[10-3] |Host Base $80
Address Register
HRX 23-0 DSP Receive Data empty
Register
HTX 23-0 DSP Transmit empty
Data Register
HDR 16-0 | D[16-0] |GPIO signal Data $0000 — —
HDRR 16-0 | DR[16-0] | GPIO signal 0 Input $0000 — —
Direction 1 Output
@ MOTOROLA Host Interface (HI08) 6-33




Programming Model Quick Reference

Table 6-20. HIO8 Programming Model: Host Side

Bit Reset Type
Reg HW/ |Indivi
. ndivi
# Name Value Function SW | -dual STOP
ICR 0 RREQ |Receive Request Enable 0 |HRRQ interrupt disabled 0 — —
1 |HRRQ interrupt enabled
1 TREQ |Transmit Request Enable 0 |HTRQ interrupt disabled 0 — —
1 |HTRQ interrupt enabled
2 HDRQ |Double Host Request 0 |HREQ/HTRQ = HREQ, 0 — —
HACK/HRRQ = HACK
1 |HREQ/HTRQ = HTRQ,
HACK/HRRQ = HRRQ
3 HFO |Host Flag O 0 — —
4 HF1 |HostFlag 1 0 — —
5 HLEND |Host Little Endian 0 |Big Endian order 0 — —
1 |Little Endian order
7 INIT |Initialize 1 |Reset data paths according to 0 — —
TREQ and RREQ
ISR 0 RXDF |Receive Data Register Full 0 |Host Receive Register is empty 0 0 0
1 |Host Receive Register is full
1 TXDE |Transmit Data Register 1 |Host Transmit Register is empty| 1 1 1
Empty 0 |Host Transmit Register is full
2 TRDY |Transmitter Ready 1 [|transmit FIFO (6 deep) is empty 1 1 1
0 |transmit FIFO is not empty
3 HF2 |Host Flag 2 0 — —
4 HF3 |Host Flag 3 0 — —
7 HREQ |Host Request 0 |HREQ signal is deasserted 0 0 0
1 |HREQ signal is asserted (if
enabled)
CVR 6-0 | HV[6-0] |Host Command Vector $32 — —
CVR 7 HC Host Command 0 |no host command pending 0 0 0
1 |host command pending
RXH/M/L | 7-0 Host Receive Data Register empty
TXH/M/L | 7-0 Host Transmit Data Register empty
IVR 7-0 | IV[7-0] |Interrupt Register 68000 family vector register $OF — —
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Chapter 7
Enhanced Synchronous Serial Interface
(ESSI)

The ESSI provides afull-duplex seria port for serial communication with a variety of serial
devices, including one or more industry-standard codecs, other DSPs, microprocessors, and
peripherals. The ESSI consists of independent transmitter and receiver sections and a
common ESSI clock generator. There are two independent and identical ESSIsin the
DSP56303: ESSI0 and ESSI 1. For simplicity, asingle generic ESSI is described here. The
ESSI block diagram is shown in Figure 7-1. Thisinterface is synchronous because all serial
transfers are synchronized to one clock.

GDB
SRD
RSMA
RSMB
TSMA D[ Poswrieee |- STD
TSMB
,| CRA |
L | [ g sco
=
TX2 SHIFT SC1
SSISR
A >
YYYY

Interrupts
-<«— Clock/Frame Sync Generators and Control LogiC |<g¢— SC2
t—» SCK

Figure 7-1. ESSI Block Diagram

@ MOTOROLA Enhanced Synchronous Serial Interface (ESSI) 7-1



ESSI Enhancements

Note: This synchronous interface should not be confused with the asynchronous channels
mode of the ESSI, in which separate clocks are used for the receiver and
transmitter. In that mode, the ESSI is still a synchronous device because all
transfers are synchronized to these clocks. Pin notations for the generic ESS| refer
to the analogous pin of ESSIO (PCx) and ESSI1 (PDx).

Additional synchronization signals delineate the word frames. The Normal mode of operation
transfers data at a periodic rate, one word per period. The Network modeissimilar inthat itis
also 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 modeisfor nonperiodic transfers of data. This mode, which offers a subset of
the Motorola Serial Peripheral Interface (SPI) protocol, can transfer dataserially at high speed
when the data become available. 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).

7.1 ESSI Enhancements
The DSP56000 SSI is enhanced in the following ways to make the ESSI:

m Network enhancements
— Time slot mask registers (receive and transmit)
— End-of-frame interrupt
— Drive enable signal (used with transmitter 0)

m  Audio enhancements
— Three transmitters per ESSI (for six-channel surround-sound)
m  Genera enhancements
— Can trigger DMA interrupts (receive or transmit)
— Separate exception enable bits
m  Other changes
— One divide-by-2 step is removed from the internal clock source chain
— The CRA[PSR] bit definition is reversed
— Gated-Clock mode is not available
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7.2 ESSI Data and Control Signals

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.

7.2.1 Serial Transmit Data Signal (STD)

The STD signal transmits data from the serial transmit shift register. STD is an output when
dataistransmitted from the TXO0 shift register. With an internally-generated bit clock, the STD
signal becomes a high impedance output signal for afull clock period after the last data bit is
transmitted if another data word does not follow immediately. If sequential datawords are
transmitted, the STD signal does not assume a high-impedance state. The STD signal can be
programmed as a GPIO signal (P5) when the ESSI STD function is not in use.

7.2.2 Serial Receive Data Signal (SRD)

SRD receives serial data and transfers the data to the receive shift register. SRD can be
programmed as a GPIO signal (P4) when the SRD function is not in use.

7.2.3 Serial Clock (SCK)

SCK isabidirectional signal providing the serial bit rate clock for the ESSI interface. The
signal isaclock input or output used by all the enabled transmitters and receiversin
Synchronous modes or by all the enabled transmittersin Asynchronous modes. See Table 7-1
for details. SCK can be programmed as a GPIO signal (P3) when not used as the ESSI clock.

Table 7-1. ESSI Clock Sources

SYN SCKD SCDO RX Clock Source RX(;:L:?Ck TX Clock Source TX Clock Out

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

Note: 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. The internaly
sourced ESS| clock frequency must not exceed F /4.
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7.2.4 Serial Control Signal (SCO0)
ESSI0: SCO0; ESSI1: SC10

To determine the function of the SCo signal, select either Synchronous or Asynchronous
mode, according to Table 7-2. In Asynchronous mode, this signal is used for the receive
clock 1/0. In Synchronous mode, this signal isthe transmitter data out signal for transmit shift
register TX1 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 isconfigured as a serial flag signal or receive clock signal, its direction is determined
by the Serial Control Direction O (SCDO) bit in ESSI Control Register B (CRB). When
configured as an output, SCO functions as the serial Output Flag 0 (OFO0) or as areceive shift
register clock output. If SCO is used asthe serial Output Flag O, its value is determined by the
value of the serial Output Flag 0 (OFO) bit inthe CRB. If SC0 isan input, it functions as either
serial Input Flag O or areceive shift register clock input. As serial Input Flag O, SCo controls
the state of the serial Input Flag O (IF0) bit in the ESSI Status Register (SSISR).

When sSco is configured as atransmit datasignal, it is always an output signal, regardless of
the SCDO hit value. sco isfully synchronized with the other transmit data signals (STD and
SC1). SCO0 can be programmed as a GPIO signal (P0) when the ESSI SCo functionisnot in
use.

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

7.2.5 Serial Control Signal (SC1)
ESSI0:SCO01; ESSI1: SCI11

To determine the function of SC1, select either Synchronous or Asynchronous mode,
according to Table 7-2. In Asynchronous mode (as for a single codec with asynchronous
transmit and receive), SC1 isthe receiver frame sync I/O. In Synchronous mode, SC1 isthe
transmitter data out signal of transmit shift register TX2, for the transmitter O drive-enabled
signal, or for seria flag 1/0. As serial flag I/O, SC1 operates like SC0. SC0 and SClare
independent flags but can be used together for multiple serial device selection; they can be
unencoded to select up to two CODECs or decoded externally to select up to four CODECSs. If
Sc1 isconfigured as a seria flag or receive frame sync signal, the Serial Control Direction 1
CRB[SCD1] bit determinesits direction.
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Table 7-2. Mode and Signal Definitions

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/TOD/U FS XC U RD
1 0 0 1 0 FoO/U TD2 FS XC U U
1 0 0 1 1 FO/U TD2 FS XC U RD
1 0 1 0 0 TD1 F1/TOD/U FS XC U U
1 0 1 0 1 TD1 F1/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/TOD/U FS XC TDO U
1 1 0 0 1 FO/U F1/TOD/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 F1/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
TXC Transmitter clock

RXC = Receiver clock

XC = Transmitter/receiver clock (synchronous operation)
FST = Transmitter frame sync

FSR = Receiver frame sync

FS =  Transmitter/receiver frame sync (synchronous operation)
TDO =  Transmit data signal 0

TD1 = Transmit data signal 1

TD2 =  Transmit data signal 2

TOD = Transmitter O drive enable if SSC1=1& SCD1=1
RD = Receive data

FO = Flag O

F1 = Flag 1if SSC1=0

U = Unused (can be used as GPIO signal)

X = Indeterminate

When configured as an output, SC1 functions as a serial Output Flag, as the transmitter O
drive-enabled signal, or as the receive frame sync signal output. If SC1 is used as seridl
Output Flag 1, its value is determined by the value of the serial Output Flag 1 (OF1) bit in the
CRB. When configured as an input, this signal can receive frame sync signals from an
external source, or it actsasaserial input flag. Asaseria input flag, SClcontrols status bit
IF1inthe SSISR.

When SC1 is configured as atransmit datasignal, it is always an output signal, regardless of
the SCD1 hit value. As an output, it is fully synchronized with the other ESSI transmit data
signals (STD and SC0). SC1 can be programmed as a GPIO signa (P1) when the ESSI sC1
function isnot in use.
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7.2.6 Serial Control Signal (SC2)
ESSI0:SC02; ESSI1:SC12

sc2isaframe sync I/0O signal 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 hit 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 both the transmitter and
receiver when in Synchronous mode. SC2 can be programmed asa GPIO signal (P2) when the
ESSI sc2 functionisnot in use.

7.3 Operation

This section discusses ESS| basics: reset state, initialization, and exceptions.

7.3.1 ESSI After Reset

A hardware RESET signal or software RESET instruction clears the port control register and
the port direction control register, thus configuring all the ESSI signals as GPIO. The ESSI is
in the reset state while all ESSI signals are programmed as GPIO; it isactive only if at least
one of the ESSI 1/0 signalsis programmed as an ESSI signal.

7.3.2 Initialization
To initialize the ESSI, do the following:

1. Send areset: hardware RESET signal, software RESET instruction, ESSI
individual reset, or STOP instruction reset.

Program the ESS| control and time slot registers.
Write data to all the enabled transmitters.
Configure at least one signal as ESS| signal.

a kc WD

If an external frame sync is used, from the moment the ESS| is activated, at |east five
(5) seria clocks are needed before the first external frame sync is supplied. Otherwise,
improper operation may result.

When the PC[5-0] bits in the GPI1O Port Control Register (PCR) are cleared during program
execution, the ESSI stops serial activity and enters 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 there are undefined. To ensure proper operation of the
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ESSI, use an ESSI individual reset when you change the ESSI control registers (except for
bits TEIE, REIE, TLIE, RLIE, TIE, RIE, TE2, TEL, TEO, and RE).

Hereis an example of how to initialize the ESSI.

1. Put the ESSI initsindividual 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 that are in use during operation. This step is
needed even if DMA services 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 is enabled (Step
3), operation starts as follows:

1. For internally generated clock and frame sync, these signals start activity
immediately after the ESSI is enabled.

2. The ESSI receives data after a frame sync signal (either internally or externally gener-
ated) only when the receive enable (RE) bit is set.

3. Data is transmitted after a frame sync signal (either internally or externally generated)
only when the transmitter enable (TE[2—0]) bit is set.

7.3.3 Exceptions

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

m 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 when you first read the SSISR and then read the Receive Data Register
(RX).

m ESSI receive data:
Occurs when the receive interrupt is enabled, the receive data register is full, and no
receive error conditions exist. A read of RX clears the pending interrupt. This
error-free interrupt can use a fast interrupt service routine for minimum overhead.
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Note:

Note:

7-8

ESSI receive last dlot interrupt:

Occurs when the ESSI isin Network mode and the last slot of the frame has ended.
Thisinterrupt is generated regardless of the receive mask register setting. The receive
last slot interrupt can signal that the receive mask slot register can be reset, the DMA
channels can be reconfigured, and data memory pointers can be reassigned. Using the
receive last slot interrupt guarantees that the previous frame is serviced with the
previous setting and the new frame is serviced with the new setting without
synchronization problems.

The maximum time it takes to service areceive 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 SSISR[TUE] bit. The TUE bit is cleared when you
first read the SSISR and then write to all the transmit data registers of the enabled
transmitters, or when you write to 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 can 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 guarantees that the previous frame is serviced with the previous
frame settings and the new frame is serviced with the new frame settings 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. Write to all the enabled

TX registers or to the TSR to clear this interrupt. This error-free interrupt uses a fast
interrupt service routine for minimum overhead (if no more than two transmitters are
used).
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To configure an ESSI exception, perform the following steps:

1. Configurethe interrupt service routine (ISR):
a. Load vector base address register VBA (b23:8)

b. Definel_VEC to be equal to the VBA value (if that is nonzero). If it is defined,
| VEC must be defined for the assembler before the interrupt equatefileis

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

2. Configure interrupt trigger; preload transmit data
a. Enable and prioritize overall peripheral interrupt functionality.

| PRP (SOL1: 0)
b. Write datato all enabled transmit registers. TX00
c. Enable aperiphera interrupt-generating function. CRB ( TEO)
d. Enable a specific peripheral interrupt. CRBO (TIE)
e. Enable peripheral and associated signals. PCRC (PC[5-0])
f.  Unmask interrupts at the global level. SR (11-0)

Note: The example material to the right of the steps shows register settings for
configuring an ESSIO transmit interrupt using transmitter 0. The order of the steps
is optional except that the interrupt trigger configuration must not be completed
until the ISR configuration is complete. Since step 2c may cause an immediate
transmit without generating an interrupt, perform the transmit data preload in
step 2b before step 2c to ensure that valid datais sent in the first transmission.

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 needs to load the transmit register (N — 1) times.
Steps 2c and2d can be performed istep 2a as a single instruction. If an interrupt
trigger event occurs before all interrupt trigger configuration steps are performed,
the event is ignored and not queued. If interrupts derived from the core or other
peripherals need to be enabled at the same time as ESSI intexeyp2$,should

be performed last.
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7.4 Operating Modes: Normal, Network, and On-Demand

The ESSI has three basic operating modes and several data and operation formats. These
modes are programmed viathe ESSI control registers. The data and operation formats
available to the ESS| are selected when you set or clear control bitsin the CRA and CRB.
These control bits are WL[2-1], MOD, SYN, FSL[1-0], FSR, FSP, CKP, and SHFD.

7.4.1 Normal/Network/On-Demand Mode Selection

To select either Normal mode or Network mode, clear or set CRB[MOD)]. In Normal mode,
the ESSI sends or receives one data word per frame (per enabled receiver or transmitter). In
Network mode, 2 to 32 time slots per frame can be selected. During each frame, 0 to 32 data
words are received or transmitted (from each enabled receiver or transmitter). In either case,
the transfers are periodic.

The Normal mode typically transfers data to or from a single device. Network mode is
typically used in time division multiplexed networks of CODECs or DSPs with multiple
words per frame.

Network mode has a submode called On-Demand mode. Set the CRB[MOD] for Network
mode, and set the frame rate divider to 0 (DC = $00000) to select On-Demand mode. This
submode 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.
On-Demand mode requires that the transmit frame sync be internal (output) and the receive
frame sync be external (input). For simplex operation, Synchronous mode could be used,
however, for full-duplex operation, Asynchronous mode must be used. You can enable data
transmission that is data-driven 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 with codecs requiring a continuous clock.

Note: When the ESSI transmits data in On-Demand mode (that is, MOD =1 in the CRB
and DC[4—0]=$00000 in the CRA) with WL[2-0] = 100, the transmission does not
work properly. To ensure correct operation, do not use On-Demand mode with the
WL[2-0] = 100 32-bit word length mode.
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7.4.2 Synchronous/Asynchronous Operating Modes

Thetransmit and receive sections of the ESSI interface are synchronous or asynchronous. The
transmitter and receiver use common clock and synchronization signals in Synchronous
mode; they use separate clock and sync signals in Asynchronous mode. The CRB[SY N] bit
selects synchronous or asynchronous operation. When the SY N 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 operates 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 are generated internally by the DSP or obtained from external sources. If clocks
areinternally 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 aword-length divider for frame-rate sync-signal generation.

7.4.3 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 the CRB FSL[1-0], FSR, and FSP bits.

7.4.4 Frame Sync Signal Format

CRBJ[FSL1] controls the frame sync signal format.

If CRB[FSL1] is cleared, the receive 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 serial 1/0O.

If CRB[FSL1] is set, the receive frame sync pulses active for one bit clock
immediately before the data transfer period. This frame sync length is compatible with
Intel and National Semiconductor Corporation components, codecs, and
telecommunication pulse code modulation serial I/O.
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7.4.5 Frame Sync Length for Multiple Devices

The ability to mix frame sync lengths is useful to configure systemsin which dataisreceived
from one type of device (for example, codec) and transmitted to a different type of device.
CRB[FSLOQ] controls whether RX and TX have the same frame sync length.

m If CRB[FSLOQ] iscleared, both RX and TX have the same frame sync length.

m If CRB[FSLQ] isset, RX and TX have different frame sync lengths.
CRB[FSLQ] isignored when CRB[SY N] is set.

7.4.6 Word Length Frame Sync and Data Word Timing

The CRB[FSR] bit controls the relative timing of the word length frame sync relative to the
data word timing.

m  When CRBJ[FSR] is cleared, the word length frame sync is generated (or expected)
with the first bit of the data word.

m  When CRB[FSR] is set, theword length frame sync is generated (or expected) with the
last bit of the previous word.

CRB[FSR] isignored when abit length frame sync is sel ected.

7.4.7 Frame Sync Polarity
The CRB[FSP] bit controls the polarity of the frame sync.

m  When CRB[FSP] iscleared, the polarity of the frame sync is positive; that is, the frame
sync signal is asserted high. The ESSI synchronizes on the leading edge of the frame
sync signal.

m  When CRB[FSP] is set, the polarity of the frame sync is negative; that is, the frame
sync is asserted low. The ESSI synchronizes on the trailing edge of the frame sync
signal.

The ESSI receiver looks for areceive frame sync edge (leading edge if CRB[FSP] is cleared,
trailing edge if FSP is set) only when the previous frame is completed. If the frame syncis
asserted before the frame is completed (or before the last bit of the frame isreceived in the
case of abit frame sync or aword-length frame sync with CRB[FSR] set), the current frame
sync is not recognized, and the receiver isinternally disabled until the next frame sync.

Frames do not have to be adjacent; that is, a new frame sync does not have to follow the
previous frame immediately. Gaps of arbitrary periods can occur between frames. All the
enabled transmitters are tri-stated during these gaps.
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7.4.8 Byte Format (LSB/MSB) for the Transmitter

Some devices, such as CODECs, require a M SB-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. You select either MSB or
LSB by programming CRB[SHFD].

m If CRB[SHFD] is cleared, data is shifted into the receive shift register MSB first and
shifted out of the transmit shift register MSB first.

m If CRB[SHFD] is set, data is shifted into the receive shift register LSB first and shifted
out of the transmit shift register LSB first.

7.4.9 Flags

Two ESSI signals (SC[1-0]) are available for use as serial I/O flags. Their operation is
controlled by the SYN, SCD[1-0], 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 and from SC[1-0]. Double-buffering
the flags keeps the flags in sync with TX and RX.

The SC[1-0] flags are available in Synchronous mode only. Each flag can be separately
programmed. Theco flag is enabled when transmitter 1 is disabled (TE1 = 0). The flag’s
direction is selected by the SCDO bit. When SCDO isssrl,is configured as output. When
SCDO is clearedsco is configured as input. Similarly, tle1 flag is enabled when
transmitter 2 is disabled (TE2 = 0), and 8@ signal is not configured as the transmitter O
drive-enabled signal (Bit SSC1 = 0). The directiorsoi is determined by the SCD1 bit.
When SCD1 is sefC1 is an output flag. When SCDL1 is clearsd} is an input flag.

When programmed as input flags, the value of the SC[1-0] bits is latched at the same time as
the first bit of the received data word is sampled. Once the input is latched, the signal on the
input flag signal $Co andsc1) 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.

When they are programmed 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 OF[1-0] is latched when the contents of TX transfer
to the transmit shift register. The value on SC[1-0] is stable from the time the first bit of the
transmit data word transmits until the first bit of the next transmit data word transmits.
Software can directly set the OF[1-0] values, allowing the DSP56303 to control data
transmission by indirectly controlling the value of the SC[1-0] flags.
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7.5 ESSI Programming Model
The ESSI is composed of the following registers:

m  Two control registers (CRA, CRB), page 7-14 and page 7-18

m  One status register (SSISR), page 7-28

m  One Receive Shift Register, page 7-29

m  One Receive Data Register (RX), page 7-30

m  Three Transmit Shift Registers, page 7-30

m  Three Transmit Data Registers (TXO0, TX1, TX2), page 7-30

m  One specia-purpose Time Slot Register (TSR), page 7-33

m  Two Transmit Slot Mask Registers (TSMA, TSMB), page 7-33
m Two Receive Slot Mask Registers (RSMA, RSMB), page 7-35

This section discusses the ESS| registers and describes their bits. Section 7.6, GPIO Sgnals
and Registers, on page 7-36 covers ESSI GPIO.

7.5.1 ESSI Control Register A (CRA)

The ESSI Control Register A (CRA) is one of two 24-bit read/write control registers that
direct the operation of the ESSI. CRA controls the ESSI clock generator bit and frame sync
rates, word length, and number of words per frame for serial data.

23 22 21 20 19 18 17 16 15 14 13 12
| | ssc1 | w2 | wil [ wio | ALC | | bc4 | pc3 | pc2 | pci | DCO |
11 10 9 8 7 6 5 4 3 2 1 0
| PSR | | | | pPm7 | PM6 | PM5 | PM4 | PM3 | PM2 | PM1 | PMO |

—Reserved bit; read as 0; write to 0 for future compatibility.
(ESSIO X:$FFFFB5, ESSI1 X:$FFFFAB)

Figure 7-2. ESSI Control Register A(CRA)
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Table 7-3. ESSI Control Register A (CRA) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

23

Reserved. Write to 0 for future compatibility.

22

SSC1

Select SC1

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 transmitter O driver-enabled signal while the SC1
signal is configured as output (SCD1 = 1). This configuration enables an
external buffer for the transmitter 0 output. If SSC1 is cleared, the ESSl is
configured in Synchronous mode (SYN = 1), and transmitter 2 is disabled
(TE2 = 0), then the SC1 acts as the serial I/O flag while the SC1 signal is
configured as output (SCD1 = 1).

21-19

WL[2-0]

Word Length Control

Select the length of the data words transferred via the ESSI. Word lengths of
8-, 12-, 16-, 24-, or 32-bits can be selected. The ESSI data path
programming model in Figure 7-12 and Figure 7-13 shows additional
information on how to select different lengths for data words. The ESSI data
registers are 24 bits long. The ESSI transmits 32-bit words in one of two
ways:

B by duplicating the last bit 8 times when WL[2—-0] = 100
B by duplicating the first bit 8 times when WL[2-0] = 101.

NOTE: When WL[2-0] = 100, the ESSI is designed to duplicate the last bit of
the 24-bit transmission eight times to fill the 32-bit shifter. Instead, after the
24-bit word is shifted correctly, eight zeros (0s) are shifted.

ESSI Word Length Selection

WL2 WL1 WLO Number of Bits/Word

8

12

16

24

RlO|lO|O| O
O|Fr|F,|O|O
O|r,|O|r|O

32
(valid data in the first 24
bits)

1 0 1 32
(valid data in the last 24
bits)

1 0 Reserved

1 1 1 Reserved

NOTE: When the ESSI transmits data in On-Demand mode (that is, MOD =1
in the CRB and DC[4-0]=00000 in the CRA) with WL[2-0] = 100, the
transmission does not work properly. To ensure correct operation, do not use
On-Demand mode with the WL[2—0] = 100 32-bit word length mode.
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Table 7-3. ESSI Control Register A (CRA) Bit Definitions (Continued)

Bit Number Bit Name | Reset Value Description

18 ALC 0 Alignment Control

The ESSI handles 24-bit fractional data. Shorter data words are left-aligned
to the 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.

NOTE: If the ALC bit is set, only 8-, 12-, or 16-bit words are used. The use of
24- or 32-bit words leads to unpredictable results.

17 Reserved. Write to 0 for future compatibility.

16-12 DC[4-0] 0 Frame Rate Divider Control

Control the divide ratio for the programmable frame rate dividers that
generate the frame clocks. In Network mode, this ratio is the number of
words per frame minus one. In Normal mode, this ratio determines the word
transfer rate. The divide ratio ranges 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; you select it by setting the FSL[1-0] bits in the
CRA to (01). Figure 7-4 shows the ESSI frame sync generator functional
block diagram.

11 PSR 0 Prescaler Range

Controls a fixed divide-by-eight prescaler in series with the variable
prescaler. This bit extends the range of the prescaler when a slower bit clock
is needed. When PSR is set, the fixed prescaler is bypassed. When PSR is
cleared, the fixed divide-by-eight prescaler is operational, as in Figure 7-3.
This definition is reversed from that of the SSI in other DSP56000 family
members. The maximum allowed internally generated bit clock frequency is
the internal DSP56303 clock frequency divided by 4; the minimum possible
internally generated bit clock frequency is the DSP56303 internal clock
frequency divided by 4096.

NOTE: The combination PSR = 1 and PM[7-0] = $00 (dividing F¢qre by 2)
can cause synchronization problems and thus should not be used.

10-8 0 Reserved. Write to 0 for future compatibility.

7-0 PM[7-0] 0 Prescale Modulus Select

Specify the divide ratio of the prescale divider in the ESSI clock generator. A
divide ratio from 1 to 256 (PM = $0 to $FF) can be selected. The bit clock
output is available at the transmit clock signal (SCK) and/or the receive clock
(SCO0) 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. Figure 7-3
shows the ESSI clock generator functional block diagram. F.g,. is the
DSP56303 core clock frequency (the same frequency as the enabled
CLKOUT signal). Careful choice of the crystal oscillator frequency and the
prescaler modulus can generate the industry-standard CODEC master clock
frequencies of 2.048 MHz, 1.544 MHz, and 1.536 MHz.
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TX 1 or Flag0 Out

FlagO In

CRB(TE1) CRB(OF0) SSISR(IF0)

(Sync Mode)

(Sync Mode)

CRA(WL2-0) RX
R > 18,112, /16, /24, Word
T | - Clock
lCRB(SYN) _ SCDO —S(\)(N o ' 01 2 3 45
. .<->< ~o—o0 B
S%?Cl o o— <9 —» o0 ~ »| RX Shift Register
Flagf) SYN=0 SCD0=1 RCLOCK
SYN=1
Async: CRB(SCDO) CRAWL2-0)
RX clk TX
TCLOCK
> . = 18,112,116, /24, —»=<>Word
01 2 3 45 Clock
B Internal Bit Clock v
Sync: -
'|yx/Rx clk —>| TX Shift Register |
Async: A
TX clk CRB(SCKD) .
Note:1. Fcogg is the DSP56300 core
CRA(PSR) CRA(PM7:0) internal clock frequency.
2. ESSl internal clock range:
|_> 12 »| /lor/8 »| /1 to /256 min = Fosc/4096
1 0 0 255 max = Foscl4
Fcore (Opposite 3. ‘n’in signal name is ESSI # (0 or 1)
from SSI)
Figure 7-3. ESSI Clock Generator Functional Block Diagram
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7.5.2 ESSI Control Register B (CRB)

CRB is one of two read/write control registers that direct the operation of the ESSI (see
Figure 7-5). The CRB bit definitions are presented in Table 7-4. CRB controls the ESS|
multifunction signals, SC[2-0], which can be used as clock inputs or outputs, frame
synchronization signals, transmit data signals, or serial 1/O flag signals.

23 22 21 20 19 18 17 16 15 14 13 12
| REIE | TEIE [ RLUE [ TLE | RE | TE | RE | TEO | TE1 | TE2 | MOD | SYN |
11 10 9 8 7 6 5 4 3 2 1 0

| CKP | FSP | FSR | FSL1 | FSLO | SHFD | SCKD | scD2 | scD1 | SCDO | OF1 | OF0 |

(ESSIO X:$FFFFB6, ESSI1 X:$FFFFA6)

Figure 7-5. ESSI Control Register B (CRB)

The CRB contains the serial output flag control bits and the direction control bits for the serial
control signals. Also in the CRB are interrupt enable bits for the receiver and the transmitter.
Bit settings of the CRB determines how many transmitters are enabled: O, 1, 2, or 3. The CRB
settings also determine the ESSI operating mode. Either a haRIR&EE signal or a

software RESET instruction clears all the bits in the CRahle 7-2, Mode and Signal

Definitions, on page 7-5 summarizes the relationship between the ESSI sigfzal3j, SCK,

and the CRB hits.

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

1. Wait for TDE (TXO0 empty) to be set.
2. Writethe flags.
3. Writethe 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 dataistransferred to the transmit shift register. The flag bit values are synchronized with
the data transfer. 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.

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. TXO differs from these two bits in that it
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 you set the TE
bit. The normal transmit disable sequence is to set the Transmit Data Empty (TDE) bit and
then to clear the TE, Transmit Interrupt Enable (TIE), and Transmit Exception Interrupt
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Enable (TEIE) bits. In Network mode, if you clear the appropriate TE bit and set it again, then
you disable the corresponding transmitter (O, 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 TX0) signal remainsin a high-impedance
state. The CRB bits are cleared by either a hardware RESET signal or a software RESET
instruction.

Table 7-4. ESSI Control Register B (CRB) Bit Definitions

Bit Number Bit Name Reset Value Description

23 REIE 0 Receive Exception Interrupt Enable

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 receive interrupt is documented in Section 7.3.3,
Exceptions, on page 7-7. A read of the status register followed by a read
of the receive data register clears both ROE and the pending interrupt.

22 TEIE 0 Transmit Exception Interrupt Enable

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 documented in Section
7.3.3, Exceptions, on page 7-7. A read of the status register, followed by
a write to all the data registers of the enabled transmitters, clears both
TUE and the pending interrupt.

21 RLIE 0 Receive Last Slot Interrupt Enable

Enables/disables an interrupt after the last slot of a frame ends when the
ESSIl 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 documented in Section 7.3.3,
Exceptions, on page 7-7. RLIE is disabled when the ESSI is in
On-Demand mode (DC = $0).

20 TLIE 0 Transmit Last Slot Interrupt Enable

Enables/disables 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 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 transmit last slot interrupt is documented in Section
7.3.3, Exceptions, on page 7-7. TLIE is disabled when the ESSI is in
On-Demand mode (DC = $0).

19 RIE 0 Receive Interrupt Enable

Enables/disables a DSP receive data interrupt; the interrupt 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 receive
interrupt is documented in Section 7.3.3, Exceptions, on page 7-7. When
the receive data register is read, it 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.
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Table 7-4. ESSI Control Register B (CRB) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

18

TIE

0

Transmit Interrupt Enable

Enables/disables a DSP transmit interrupt; the interrupt 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 transmit interrupt is
documented in Section 7.3.3. When data is written to the data registers of
the enabled transmitters or to the TSR, it clears TDE and also clears the
interrupt. Transmit interrupts with exception conditions have higher priority
than normal transmit data interrupts. If the transmitter underrun error
(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.

17

RE

Receive Enable

Enables/disables the receive portion of the ESSI. When RE is cleared, the
receiver is disabled: data transfer into RX is inhibited. 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
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.

NOTE: The setting of the RE bit does not affect the generation of a frame
sync.

16

TEO

Transmit O Enable

Enables the transfer of data from TXO0 to Transmit Shift Register 0. TEO is
functional when the ESSI is in either synchronous or Asynchronous mode.
When TEO is set and a frame sync is detected, the transmitter O is enabled
for that frame.

When TEO is cleared, transmitter 0 is disabled after the transmission of
data currently in the ESSI transmit shift register. The STD output is
tri-stated, and any data present in TXO is not transmitted. In other words,
data can be written to TX0 with TEO cleared; the TDE bit is cleared, but
data is not transferred to the transmit shift register 0. The transmit enable
sequence in On-Demand mode can be the same as in Normal mode, or
TEO can be left enabled.

NOTE: Transmitter O is the only transmitter that can operate in
Asynchronous mode (SYN = 0). The setting of the TEO bit does not affect
the generation of frame sync or output flags.
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Table 7-4. ESSI Control Register B (CRB) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

15

TE1l

0

Transmit 1 Enable

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 TE1 is set and a frame
sync is detected, 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 is cleared, but data is not transferred to transmit shift
register 1. If the TE1 bit is kept cleared until the start of the next frame, it
causes the SCO signal to act as serial I/0O flag from the start of the frame in
both Normal and Network mode. The transmit enable sequence in
On-Demand mode can be the same as in Normal mode, or the TE1 bit can
be left enabled.

NOTE: The setting of the TE1 bit does not affect the generation of frame
sync or output flags.

14

TE2

Transmit 2 Enable

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, 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 is cleared, but data is not transferred to transmit shift
register 2. If the TE2 bit is kept cleared until the start of the next frame, it
causes the SC1 signal to act as a serial I/O flag from the start of the frame
in both Normal mode and Network mode. The transmit enable sequence
in On-Demand mode can be the same as in Normal mode, or the TE2 bit
can be left enabled.

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

13

MOD

Mode Select

Selects the operational mode of the ESSI, as in Figure 7-8 on page 7-26,
Figure 7-9 on page 7-27, and Figure 7-10 on page 7-27. When MOD is
cleared, the Normal mode is selected; when MOD is set, the Network
mode is selected. In 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 can be transferred every
time slot. For details, see Section 7.3.

12

SYN

Synchronous/Asynchronous

Controls whether the receive and transmit functions of the ESSI occur
synchronously or asynchronously with respect to each other. (See Figure
7-7 on page 7-25.) 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 Synchronous mode can more than
one transmitter be enabled.
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Table 7-4. ESSI Control Register B (CRB) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

11

CKP

0

Clock Polarity

Controls 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.

10

FSP

Frame Sync Polarity

Determines the polarity of the receive and transmit frame sync signals.
When FSP is cleared, the frame sync signal polarity is positive; that is, the
frame start is indicated by the frame sync signal going high. When FSP is
set, the frame sync signal polarity is negative; that is, the frame start is
indicated by the frame sync signal going low.

FSR

Frame Sync Relative Timing

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 data word of the first slot. When FSR is set, the word length
frame sync occurs one serial clock cycle earlier (that is, simultaneously
with the last bit of the previous data word).

FSL[1-0]

Frame Sync Length

Selects the length of frame sync to be generated or recognized, as in
Figure 7-6 on page 7-24, Figure 7-9 on page 7-27, and Figure 7-10 on
page 7-27.

Frame Sync Length
FSL1 FSLO

RX X

0 word word

0 word bit

1 bit bit

ROl O

1 bit word

SHFD

Shift Direction

Determines the shift direction of the transmit or receive shift register. If
SHFD is set, data is shifted in and out with the LSB first. If SHFD is
cleared, data is shifted in and out with the MSB first, as in Figure 7-12 on
page 7-31 and Figure 7-13 on page 7-32.

SCKD

Clock Source Direction

Selects the source of the clock signal that clocks the transmit shift register
in Asynchronous mode and both the transmit and receive shift registers in
Synchronous 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, 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.
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Table 7-4. ESSI Control Register B (CRB) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

4 SCD2 0 Serial Control Direction 2
Controls the direction of the SC2 I/O signal. When SCD2 is set, SC2 is an
output; when SCD2 is cleared, SC2 is an input.
NOTE: Programming the ESSI to use an internal frame sync (that is,
SCD2 =1 in CRB) causes the SC2 and SC1 signals to be programmed as
outputs. However, if the corresponding multiplexed pins are programmed
by the Port Control Register (PCR) to be GPIOs, the GPIO Port Direction
Register (PRR) chooses their direction. The ESSI uses an external frame
sync if GPIO is selected. To assure correct operation, either program the
GPIO pins as outputs or configure the pins in the PCR as ESSI signals.
The default selection for these signals after reset is GPIO. This note
applies to both ESSIO and ESSI1.

3 SCD1 0 Serial Control Direction 1
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/O signal. When SCDL1 is set, SC1 is an output; when SCD1 is
cleared, SC1 is an input. When TE2 is set, the value of SCD1 is ignored
and the SC1 signal is always an output.

2 SCDO 0 Serial Control Direction 0
In Synchronous mode (SYN = 1) when transmitter 1 is disabled (TE1 = 0),
or in Asynchronous mode (SYN = 0), SCDO controls the direction of the
SCO I/O 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 SCO signal is always an output.

1 OF1 0 Serial Output Flag 1
In Synchronous mode (SYN = 1), when transmitter 2 is disabled (TE2 = 0),
the SC1 signal is configured as ESSI flag 1. When SCD1 is set, SC1 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.

0 OF0 0 Serial Output Flag 0
In Synchronous mode (SYN = 1), when transmitter 1 is disabled (TE1 = 0),
the SCO signal is configured as ESSI flag 0. When SCDO is set, the SCO
signal is an output. Data present in Bit OFO is written to SCO at the
beginning of the frame in Normal mode or at the beginning of the next time
slot in Network mode.
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Word Length: FSL1 =0, FSL0O=0

RX, TX Frame SYNC

RX, TX Serial Data _< Data > @

NOTE: Frame sync occurs while data is valid.

One Bit Length: FSL1=1,FSL0=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

RX Frame Sync

RXSerial Data —— Data by @
TX Frame SYNC | | |_|
TX Serial Data _< Data > @

Mixed Frame Length: FSL1 =1, FSLO0 =1

Serial Clock

RX Frame SYNC | | |_|
RX Serial Data. —— Data ) @

TX Frame SYNC

TX Serial Data ——( Data ) @

Figure 7-6. CRB FSLO and FSL1 Bit Operation (FSR = 0)
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External Transmit Clock

Asynchronous (SYN =0)

Transmitter

Frame
Clock SYNC

ﬁ
SCK )

ESSI Bit \

Internal Clock

Clock”/

External Receive Clock

SCO

STD

External Transmit Frame

SC2
Internal Frame SYNC /

A\

External Receive Frame

Clock Frame
SYNC

Receiver

SC1

NOTE: Transmitter and receiver may have different clocks and frame syncs.

SYNCHRONOUS (SYN = 1)

Transmitter

Frame
Clock SYNC
EXxt | Clock 0 1 E | F SYNC
xternal Cloc xternal Frame
ESSI Bit\ Internal Clock & Internal Frame SYNC ~ /
Clock”’ \
\ \
Clock Frame
SYNC SRD
Receiver
NOTE: Transmitter and receiver may have the same clock frame syncs.
Figure 7-7. CRB SYN Bit Operation
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Normal Mode (MOD = 0)

Serial Clock |||||||||||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||

SSI Control Register B (CRB)
(READ/WRITE)

Frame SYNC

Transmitter Interrupt (or DMA Request) and

) A
Serial Data —< Data > < Data >

A Receiver Interrupt (or DMA Request) and Flags A

NOTE: Interrupts occur and data is transferred once per frame sync.

Network Mode (MOD = 1)

Serial Clock ||HH||HHH||HHH |HHH|||||H|H||||HH||||HH|||H|||||H|||H|H||||HH||H||

Frame SYNC

Transmitter Interrupts (or DMA Request) and

) ) ) ) )

Serial Data >< Slot 1 >< Slot 2 >< Slot 3 >< Slot 1 >< Slot 2 ><

A } ) \ \

Receiver Interrupt (or DMA Request) and Flags Set

NOTE: Interrupts occur every time slot and a word may be transferred.
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Frame SYNC
(FSLO =0, FSL1=0)

Frame SYNC
(FSLO=0,FSL1=1)

Data Out

—
/\
QRO

%BL

Flags

Slot 0

A
|
l

Slot 0 =;< Wait

1

Figure 7-9. Normal Mode, External Frame Sync (8 Bit, 1 Word in Frame)

Frame SYNC
(FSLO=0,FSL1=0)

Frame SYNC

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

Flags
=}< SLOTO —>}<7 SLOT 1 4>{<— SLOT O —>}<* SLOT 1 —

Figure 7-10. Network Mode, External Frame Sync (8 Bit, 2 Words in Frame)

-
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7.5.3 ESSI Status Register (SSISR)

The SSISR is aread-only status register by which the DSP reads the ESSI status and serial
input flags.

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

| | | | | | | | | | | | |
11 10 9 8 7 6 5 4 3 2 1 0

| | | | | ROF | TDE | ROE | TUE | RFS | TFS | IF1 | IF0 |

—Reserved bit; read as 0; write to 0 O for future compatibility.
(ESSIO X:$FFFFB7, ESSI1 X:$FFFFA7)

Figure 7-11. ESSI Status Register (SSISR)

Table 7-5. ESSI Status Register (SSISR) Bit Definitions

Bit Number Bit Name Reset Value Description
23-8 0 Reserved. Write to 0 for future compatibility.
7 RDF 0 Receive Data Register Full

Set when the contents of the receive shift register transfer to the receive
data register. RDF 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.

6 TDE 0 Transmit Data Register Empty

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 has been written). When TDE is set, TDE data is
written to all the TX registers of the enabled transmitters or to the TSR.
The TDE bit is cleared when the DSP writes to all the transmit data
registers of the enabled transmitters, or when the DSP writes to the TSR
to disable transmission of the next time slot. If the TIE bit is set, a DSP
transmit data interrupt request is issued when TDE is set.

5 ROE 0 Receiver Overrun Error Flag

Set when the serial receive shift register is filled and ready to transfer to
the receive data register (RX) but RX is already full (that is, the RDF bit is
set). If the REIE bit is set, a DSP receiver overrun error interrupt request is
issued when the ROE bit is set. The programmer clears ROE by reading
the SSISR with the ROE bit set and then reading the RX.

4 TUE 0 Transmitter Underrun Error Flag

TUE is set when at least one of the enabled serial transmit shift registers
is empty (that is, there is 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 not written) is retransmitted. In
Normal mode, there is only one transmit time slot per frame. In Network
mode, there can be up to 32 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. The programmer can also clear TUE by first reading the
SSISR with the TUE bit set, then writing to all the enabled transmit data
registers or to the TSR.

7-28 DSP56303 User's Manual @ MOTOROLA



ESSI Programming Model

Table 7-5. ESSI Status Register (SSISR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description

3 RFS 0 Receive Frame Sync Flag

When set, the RFS bit indicates that a receive frame sync occurred during
the reception of a word in the serial receive data register. In other words,
the data 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 Network mode) that the
frame sync did not occur during reception of that word. RFS is valid only if
the receiver is enabled (that is, if the RE bit is set).

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

2 TFS 0 Transmit Frame Sync Flag

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 is
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 that is, when TEO, TE1, or TE2 is
set).

NOTE: In Normal mode, TFS is always read as 1 when data is being
transmitted because there is only one time slot per frame, the frame sync
time slot.

1 IF1 0 Serial Input Flag 1

The ESSI latches any data on the SC1 signal during reception of the first
received bit after the frame sync is detected. IF1 is updated with this data
when the data in the receive shift register transfers into the receive data
register. IF1 is enabled only when SC1 is an input flag and Synchronous
mode is selected; that is, 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. If it is not enabled, IF1 is cleared.

0 IFO 0 Serial Input Flag 0

The ESSI latches any data on the SCO signal during reception of the first
received bit after the frame sync is detected. The IFO bit is updated with
this data when the data in the receive shift register transfers into the
receive data register. IFO is enabled only when SCO is an input flag and
the Synchronous mode is selected; that is, 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. If it is not enabled, the IFO bit is cleared.

7.5.4 ESSI Receive Shift Register

The 24-bit Receive Shift Register (see Figure 7-12 and Figure 7-13) receives incoming data
from the seria receive data signal. The selected (internal/external) bit clock shifts datain
when the associated frame sync /O is asserted. Datais received MSB first if SHFD is cleared
and LSB first if SHFD is set. Datatransfers to the ESSI Receive Data Register (RX) after 8,
12, 16, 24, or 32 serial clock cycles are counted, depending on the word length control bitsin
the CRA.
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7.5.5 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 asit becomes full, according to Figure 7-12 and Figure 7-13. 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 hit is set, the MSB is bit 15,
and the most significant byteis unused. Unused bits areread as 0. If the associated interrupt is
enabled, the DSP is interrupted whenever the RX register becomes full.

7.5.6 ESSI Transmit Shift Registers

The three 24-bit transmit shift registers contain the data being transmitted, asin Figure 7-12
and Figure 7-13. Datais shifted out to the serial transmit data signals by the selected (whether
internal or external) bit clock when the associated frame sync 1/O is asserted. Theword-length
control bitsin CRA determine the number of bits that must be shifted out before the shift
registers are considered empty and can be written again. Depending on the setting of the
CRA, the number of bits to be shifted out can be 8, 12, 16, 24, or 32. Transmitted datais
aligned according to the value of the ALC bit. When ALC 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 0. Data shifts out of these registers MSB
first if the SHFD bit iscleared and LSB first if SHFD is set.
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23 16 15 87 0
. iah . iddl . ESSI Receive Data
Receive High Byte Receive Middle Byte Receive Low Byte Register
7 A 0 7 A 07 A
Serial 23 16 15 87
Receive Receive High Byte Receive Middle Byte Receive Low Byte
Shift | -< -
Register 7 OAY A OA7 0\ 24 Bit
16 Bit :0
12 Bit SRD
- O
8 Bit o

WL1, WLO >

MSB LSB N
«— 8-bit Data —>|<— 0 —»le«— 0 —»l«——— 0 ——| Least Significant
Zero Fill
MSB . LSB
&———— 12-bit Data ———>»
MSB LSB
-t 16-bit Data o
MSB ) LSB
< 24-bit Data »

NOTES:

Data is received MSB first if SHFD = 0.
24-bit fractional format (ALC = 0).
32-bit mode is not shown.

(a) Receive Registers

23 16 15 87 0
ESSI Transmit Data

Transmit High Byte Transmit Middle Byte Transmit Low Byte Register
7 0 7 07
23  / 16 15 | 07  /

. - . ESSI Transmit
sTD H lransmlt High Byte Lransmlt Middle Byte :Transmn Low Byte Shift Register

7 0 7 07 0

MSB LSB N
l«— 8-bit Data —»|«— 0 —»l«— 0 —»l«—— 0 ——»| Least Significant

Zero Fill
LSB
=MSB 12-bit Data ———
LSB

< MSB 16-bit Data »>

MSB LSB
- 24-bit Data -
(b) Transmit Registers NOTES:

Data is transmitted MSB first if
SHFD = 0.

4-bit fractional format (ALC = 0).
32-bit mode is not shown.

Figure 7-12. ESSI Data Path Programming Model (SHFD = 0)
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23 16 15 87 0
. . . . . ESSI Receive Data
Receive High Byte Receive Middle Byte Receive Low Byte .
gh Byt 4 Y Register (Read Only)
7 A 0 7 A 07 A 0
23 16 15 07 0
| SR - Receive High Byte ' Receive Middle Byte % Receive Low Byte ESSI Receive
> > > Shift Register

7 0 7 07 0

MSB LSB L
l«— 8-bit Data —»|«— 0 —»l<«— 0 —»l«—— 0 —»| Least Significant

Zero Fill

MSB LSB
«—— 12-bit Data ——— >

MSB LSB
- 16-bit Data >

MSB LSB
< 24-bit Data >

Receive Regist NOTES:

(a) Recelve Registers Data is received MSB first if SHFD = 0.

24-bit fractional format (ALC = 0).
32-bit modeois not shown.

23 16 15 87 ]
ESSI Transmit Data
Transmit High Byte Transmit Middle Byte Transmit Low Byte Register
(Write Only)
7 07 07 0
23 Y 16 15 \ 07 y 0 ESSI Transmit Shift
Transmit High Byte Transmit Middle Byte Transmit Low Byte Register
7 of7 o7 0 24 Bit
16 Bit o
12 Bit o ST
8 Bit o
MSB ) LSB
<«— 8-bit Data —»|<«— 0 —»j<«— 0 —»<«—— 0 ———» WL1, WLO
MSB LSB Least Significant
<€«——— 12-bit Data ———» Zero Fill
MSB LSB
< 16-bit Data >
MSB LSB
-« 24-bit Data -
_ _ NOTES:
(b) Transmit Registers Data is received MSB first if SHFD = 0.

4-bit fractional format (ALC = 0).
32-bit mode is not shown.

Figure 7-13. ESSI Data Path Programming Model (SHFD = 1)
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7.5.7 ESSI Transmit Data Registers (TX[2-0])
ESSI0: TX20, TX10, TX00; ESSI1: TX21, TX11, TXO01

TX2, TX1, and TXO are 24-bit write-only registers. Data written into these registers
automatically transfersto the transmit shift registers. (See Figure 7-12 and Figure 7-13.) The
data transmitted (8, 12, 16, or 24 bits) is aligned according to the value of the ALC bit. When
the ALC bitiscleared, the MSB isBit 23. When ALC is set, the MSB isBit 15. If the transmit
dataregister empty interrupt has been enabled, the DSP is interrupted whenever a transmit
data register becomes empty.

Note: When datais written to a periphera device, thereis atwo-cycle pipeline delay
while any status bits affected by this operation are updated. If any of those status
bits are read during the two-cycle delay, the status bit may not reflect the current
status.

7.5.8 ESSI Time Slot Register (TSR)

TSR iseffectively awrite-only null dataregister that prevents datatransmission in the current
transmit time slot. For timing purposes, TSR isawrite-only register that behaves as 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.

7.5.9 Transmit Slot Mask Registers (TSMA, TSMB)

Both transmit slot mask registers are read/write registers. When the TSMA or TSMB isread
to the internal data bus, the register contents occupy the two low-order bytes of the data bus,
and the high-order byteisfilled by 0. In Network mode the transmitter(s) use these registers
to determine which action to take in the current transmission slot. Depending on the bit
settings, the transmitter(s) either tri-state the transmitter(s) data signal(s) or transmit a data
word and generate a transmitter empty condition.

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | TS15 | TS14 | TS13 | TS12 |

11 10 9 8 7 6 5 4 3 2 1 0
|TSll | TS10 | TS9 | TS8 | TS7 | TS6 | TS5 | TS4 | TS3 | TS2 | TS1 | TS0 |

\—[—Reserved bit; read as 0; write to 0 O for future compatibility.
(ESSIO X:$FFFFB4, ESSI1 X:$FFFFA4)

Figure 7-14. ESSI Transmit Slot Mask Register A (TSMA)
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23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | 7s31 | TS30 | TS29 | TS28 |

11 10 9 8 7 6 5 4 3 2 1 0
| Ts27 | TS26 | TS25 | TS24 | 7S23 | TS22 | 7S21 | TS20 | 7TS19 | TS18 | TS17 | TSi16 |

\—[—Reserved bit; read as 0; write to 0 0 for future compatibility.
(ESSIO X:$FFFFB3, ESSI1 X:$FFFFA3)

Figure 7-15. ESSI Transmit Slot Mask Register B (TSMB)

TSMA and TSMB (asin Figure 7-12 and Figur e 7-13) can be seen asasingle 32-bit register,
TSM. Bit nin TSM (TSn) is an enable/disable control bit for transmission in slot number N.
When TSnis cleared, all the data signals of the enabled transmitters are tri-stated during
transmit time slot number N. The data still transfers from the enabled transmit data register(s)
to the transmit shift register. However, the TDE and the TUE flags are not set. Consequently,
during a disabled slot, no transmitter empty interrupt is generated. The DSP is interrupted
only for enabled dots. Data written to the transmit data register when the transmitter empty
interrupt request is serviced transmitsin the next enabled transmit time slot. When TSn is set,
the transmit sequence proceeds normally. Data transfers from the TX register to the shift
register during slot number N, and the TDE flag is set. The TSM slot mask does not conflict
with the TSR. Even if adlot isenabled in the TSM, you can chose to write to the TSR to
tri-state the signals of the enabled transmitters during the next transmission slot. Setting the
bitsin the TSM affects the next frame transmission. The frame being transmitted is not
affected by the new TSM setting. If the TSM isread, it shows the current setting.

After a hardware RESET signal or software RESET instruction, the TSM register is reset to
$FFFFFFFF, enabling all 32 dots for data transmission.
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7.5.10 Receive Slot Mask Registers (RSMA, RSMB)

Both receive slot mask registers are read/write registers. In Network mode, the receiver(s) use
these registers to determine which 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 adata
word and generate areceiver full condition.

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | RS15 | RS14 | RS13 | RS12 |

11 10 9 8 7 6 5 4 3 2 1 0
| RS11 [ RS10 | RS9 | RS8 | RS7 | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO |

—Reserved bit; read as 0; write to 0 0 for future compatibility.
(ESSI0 X:$FFFFB2, ESSI1 X:$FFFFA2)

Figure 7-16. ESSI Receive Slot Mask Register A (RSMA)

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | RS31 | RS30 | RS29 | RS28 |

11 10 9 8 7 6 5 4 3 2 1 0
| RS27 | RS26 | RS25 | RS24 | RS23 | RS22 | RS21 | RS20 | RS19 | RS18 | RS17 | RS16 |

I:l—Reserved. Read as zero. Write with zero for future compatibility.
(ESSIO X:$FFFFB1, ESSI1 X:$FFFFAL)

Figure 7-17. ESSI Receive Slot Mask Register B (RSMB)

RSMA and RSMB (asin Figure 7-12 and Figur e 7-13) can be seen as one 32-bit register,
RSM. Bit nin 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. Datatransfers from the receive data register(s) to the receive shift register(s), but the RDF
and ROE flags are not set. Consequently, 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. Datais received during slot number N, and the RDF flag is set.

When the bitsin the RSM are set, their setting affects the next frame transmission. The frame
being transmitted is not affected by the new RSM setting. If the RSM isread, it shows the
current setting.

When RSMA or RSMB isread by the internal data bus, the register contents occupy the two
low-order bytes of the data bus, and the high-order byte isfilled by O.

After a hardware RESET signal or a software RESET instruction, the RSM register is reset to
$FFFFFFFF, enabling all 32 time slots for data transmission.
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7.6 GPIO Signals and Registers

The functionality of each ESSI port is controlled by three registers. port control register
(PCRC, PCRD), port direction register (PRRC, PRRD), and port dataregister (PDRC,
PDRD).

7.6.1 Port Control Registers (PCRC and PCRD)

The read/write 24-bit PCRs control the functionality of the signal linesfor ESSIO and ESSI 1.

Each of the PCR bits 5-0 controls the functionality of the corresponding signal line. When a
PCR]i] bit is set, the corresponding port signal is configured as an ESSI signal. When a
PCR]i] bit is cleared, the corresponding port signal is configured as a GPIO signal. Either a
hardwareRESET signal or a software RESET instruction clears all PCR bits.

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

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | PCx5 | PCx4 | PCx3 | PCx2 | PCx1 | PCx0 |

Note:  For Px[5-0], a 0 selects Pxn as the signal and a 1 selects the specified ESSI signal. For ESSIO, the GPIO
signals are PC[5-0] and the ESSI signals are STD0, SRDO, SCKO0, and SC0[2-0]. For ESSI1, the GPIO
signals are PD[5-0] and the ESSI signals are STD1, SRD1, SCK1, and SC1[2-0].

I:l = Reserved. Read as zero. Write with zero for future compatibility.
Figure 7-18. Port Control Registers (PCRC X:$FFFFBF) (PCRD X:$FFFAF)
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7.6.2 Port Direction Registers (PRRC and PRRD)

The read/write PRRC and PRRD control the data direction of the ESSIO and ESSI1 GPIO
signals when they are enabled by the associated Port Control Register (PCRC or PCRD,
respectively). When PRRCJi] or PRRD[i] is set, the corresponding signal is an output (GPO)
signal. When PRRC]Ji] or PRRDJi] is cleared, the corresponding signal is an input (GPI)
signal. Either ahardware RESET signal or asoftware RESET instruction clears all PRRC and
PRRD bits.

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

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | PRx5 | PRx4 | PRx3 | PRx2 | PRx1 | PRx0 |

Note:  For bits 5-0, a 0 configures PRxn as a GPI and a 1 configures PRxn as a GPO. For ESSIO, the GPIO signals
are PC[5-0]. For ESSI1, the GPIO signals are PD[5-0]. The corresponding direction bits for Port C GPIOs
are PRC[5-0]. The corresponding direction bits for Port D GPIOs are PRD[5-0].

I:I = Reserved. Read as zero. Write with zero for future compatibility.
Figure 7-19. Port Direction Registers (PRRC X:$FFFFBE) (PRRD X: $FFFFAE)

The following table summarizes the ESSI port signal configurations.
Table 7-6. ESSI Port Signal Configurations

PCRC/PCRDIi] PRRC/PRRDIi] Port Signal[i] Function
1 X ESSIO/ESSI1
0 0 Port C/Port D GPI
0 1 Port C/Port D GPO
X: The signal setting is irrelevant to the Port Signal[i] function.
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7.6.3 Port Data Registers (PDRC and PDRD)

Bits 5-0 of the read/write PDRs write data to or read data from the associated ESSI GPIO
signal lines if they are configured as GPIO signals. If a port signal PCJi] or PDJi] is
configured as an input (GPI), the corresponding PDRCJi] pr PDRD]i] bit reflects the value
present on the input signal line. If a port signal PCJi] or PDJi] is configured as an output
(GPO), a value written to the corresponding PDRC]Ji] pr PDRD]i] bit is reflected as a value on
the output signal line. Either a hardw&eSET signal or a software RESET instruction clears

all PDRC and PDRD bits.

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

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | PDRX5 | PDRx4 | PDRx3 | PDRx2 | PDRx1 | PDRxO |

Note:  For bits 5-0, the value represents the level that is written to or read from the associated signal line if it is
enabled as a GPIO signal by the respective port control register (PCRC or PCRD) bits. For ESSIO, the GPIO
signals are PC[5-0]. For ESSI1, the GPIO signals are PD[5-0]. The corresponding data bits for Port C
GPIOs are PDRCI5-0]. The corresponding data bits for Port D GPIOs are PDRD[5-0].

|:| = Reserved. Read as zero. Write with zero for future compatibility.
Figure 7-20. Port Data Registers (PDRC X:$FFFFBD) (PDRD X: $FFFFAD)
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Chapter 8
Serial Communication Interface (SCI)

The DSP56303 Serial Communication Interface (SCI) provides a full-duplex port for serial
communication with other DSPs, microprocessors, or peripherals such as modems. The SCI
interfaces without additional logic to peripheralsthat 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 RS-232, RS-422, and so on. This interface uses three dedicated signals:
transmit data, receive data, and SCI serial clock. It supports industry-standard asynchronous
bit rates and protocols, as well as high-speed synchronous data transmission. SCI
asynchronous protocol s include a multidrop mode for master/slave operation with wake-up on
idle line and wake-up on address bit capability. This mode allows the DSP56303 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 supplies the transmit and
receive clocks. An enable vector and an interrupt vector are included so that the baud-rate
generator can function as a genera -purpose timer when the SCI is not using it, or when the
interrupt timing is the same as that used by the SCI.

8.1 Operating Modes
The operating modes for the DSP56303 SCI are as follows:

m  8-hit synchronous (shift register mode)

m 10-hit asynchronous (1 start, 8 data, 1 stop)

m 11-bit asynchronous (1 start, 8 data, 1 even parity, 1 stop)
m 11-hit asynchronous (1 start, 8 data, 1 odd parity, 1 stop)

m 11-bit multidrop asynchronous (1 start, 8 data, 1 datatype, 1 stop)
This mode is used for master/slave operation with wake-up onidle line and wakeup on
address bit capability. It allows the DSP56303 to share asingle serial line efficiently
with other peripherals.

These modes are selected by the SCR WD[2-0] bits. Synchronous data mode is essentially a
high-speed shift register for 1/0O expansion and stream-mode channel interfaces. A gated
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transmit and receive clock compatible with the Intel 8051 seria interface mode O
synchronizes data. Asynchronous modes are compatible with most UART-type serial devices.
Standard RS-232 communication links are supported by these modes. Multidrop
Asynchronous mode is compatible with the MC68681 DUART, the M68HC11 SCI interface,
and the Intel 8051 seria interface.

8.1.1 Synchronous Mode

Synchronous mode (SCR[WD2-0]=000, Shift Register mode) handles serial-to-parallel and
parallel-to-serial conversions. In Synchronous mode, the clock is always common to the
transmit and receive shift registers. As a controller (synchronous master), the DSP puts out a
clock on thescLk pin. To select master mode, choose the internal transmit and receive clocks
(set TCM and RCM=0).

As a peripheral (synchronous slave), the DSP accepts an input clock freankh@n. To

select the slave mode, choose the external transmit and receive clocks (TCM and RCM=1).
Since there is no frame signal, if a clock is missed because of noise or any other reason, the
receiver loses synchronization with the data without any error signal being generated. You
can detect an error of this type with an error detecting protocol or with external circuitry such
as a watchdog timer. The simplest way to recover synchronization is to reset the SCI.

8.1.2 Asynchronous Mode

Asynchronous data uses a data format with embedded word sync, which allows an
unsynchronized data clock to be synchronized with the word if the clock rate and number of
bits per word is known. Thus, the clock can be generated by the receiver rather than requiring
a separate clock signal. The transmitter and receiver both use an internal clock that is 16 times
the data rate to allow the SCI to synchronize the data. The data format requires that each data
byte have an additional start bit and stop bit. Also, two of the word formats have a parity bit.
The Multidrop mode used when SCls are on a common bus has an additional data type bit.
The SCI can operate in full-duplex or half-duplex modes since the transmitter and receiver are
independent.

8.1.3 Multidrop Mode

Multidrop is a special case of asynchronous data transfer. The key difference is that a protocol
allows networking transmitters and receivers on a single data-transmission line.

Inter-processor messages in a multidrop network typically begin with a destination address.

All receivers check for an address match at the start of each message. Receivers with no
address match can ignore the remainder of the message and use a wakeup mode to enable the
receiver at the start of the next message. Receivers with an address match can receive the
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message and optionally transmit an acknowledgment to the sender. The particular message
format and protocol used are determined by the user’s software.

8.1.3.1 Transmitting Data and Address Characters

To send data, the 8-bit data character must be written to the STX register. Writing the data
character to the STX register sets the ninth bit in the frame to zero, which indicates that this
frame contains data. To send an 8-bit address, the address data is written to the STXA
register, and the ninth bit in the frame is set to one, indicating that this frame contains an
address.

8.1.3.2 Wired-OR Mode

Building a multidrop bus network requires connecting multiple transmitters to a common
wire. The Wired-OR mode allows this to be done without damaging the transmitters when the
transmitters are not in use. A protocol is still needed to prevent two transmitters from
simultaneously driving the bus. The SCI multidrop word format provides an address field to
support this protocol.

8.1.3.3 Idle Line Wakeup

A wakeup mode frees a DSP from reading messages intended for other processors. The usual
operational procedure is for each DSP to suspend SCI reception (the DSP can continue
processing) until the beginning of a message. Each DSP compares the address in the messag
header with the DSP’s address. If the addresses do not match, the SCI again suspends
reception until the next address. If the address matches, the DSP reads and processes the
message and then suspends reception until the next address. The Idle Line Wakeup mode
wakes up the SCI to read a message before the first character arrives.

8.1.3.4 Address Mode Wakeup

The purpose and basic operational procedure for Address Mode Wakeup is the same as for
Idle Line Wakeup. The difference is that Address Mode Wakeup re-enables the SCI when the
ninth bit in a character is set to one (if cleared, this bit marks a character as data; if set, an
address). As a result, an idle line is not needed, which eliminates the dead time between
messages.

8.2 1/0 Signals

Each of the three SCI signaksxp, TXD, andscLK) can be configured as either a GPIO signal

or as a specific SCI signal. Each signal is independent of the others. For example, if only the
TXD signal is needed, thexp andscLk signals can be programmed for GP1O. However, at

least one of the three signals must be selected as an SCI signal to release the SCI from reset.
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To enable SCI interrupts, program 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 regardless
of how the SCI pins are configured, either as SCI or GPIO.

8.2.1 Receive Data (RXD)

Thisinput signal receives byte-oriented serial data and transfers the data to the SCI receive
shift register. Asynchronous input datais sampled on the positive edge of the receive clock (1
x scLK) if the SCI Clock Polarity (SCKP) bit is cleared. RxD can be configured as a GPIO
signal (PEo) when the SCI rRxD function isnot in use.

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 in use.

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 Asynchronous mode and from which datais transferred in
Synchronous mode. scLk can be programmed as a GPIO signal (PE2) when the SCI scLk
function isnot in use. This signal can be programmed as PE2 when data is being transmitted
on TXD, since the clock does not need to be transmitted in Asynchronous mode. Because SCLK
isindependent of SCI data /O, thereis no connection between programming the PE2 signal as
SCLK and data coming out the TxD signal.
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8.3 SCI After Reset

There are several different ways to reset the SCI:

m Hardware RESET signal

m  Software RESET instruction:
Both hardware and software resets clear the port control register bits, which
configure all 1/0 as GPIO input. The SCI remainsin the Reset state aslong as all
SCI signals are programmed as GPIO (pc2, pc1, and pco al are cleared); the SCI
becomes active only when at least one of the SCI 1/0 signalsis not programmed as
GPIO.

m Individual reset:
During program execution, the PC2, PC1, and PCO bits can all be cleared (that is,
individually reset), causing 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
remain unaffected so the DSP program can 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 datais unknown.

m  Stop processing state reset (that is, the STOP instruction)
Executing the STOP instruction halts operation of the SCI until the DSPis
restarted, causing the SCI Status Register (SSR) to be reset. No other SCI registers
are affected by the STOP instruction.

Table 8-1 illustrates how each type of reset affects each register in the SCI.

Table 8-1. SCI Registers After Reset

Reset Type
Register Bit Mnemonic Bit Number
HW Reset | SW Reset | IR Reset | ST 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 — —
SCR TE 9 0 0 — —
RE 8 0 0 — —
WOMS 7 0 0 — —
RwWU 6 0 0 — —
WAKE 5 0 0 — —
SBK 4 0 0 — —
SSFTD 3 0 0 — —
WDS[2-0] 2-0 0 0 — —
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Table 8-1. SCI Registers After Reset (Continued)

Reset Type
Register Bit Mnemonic Bit Number
HW Reset | SW Reset | IR Reset | ST Reset
SSR R8 7 0 0 0 0
FE 6 0 0 0 0
PE 5 0 0 0 0
OR 4 0 0 0 0
IDLE 3 0 0 0 0
RDRF 2 0 0 0 0
TDRE 1 1 1 1 1
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 — — — -
SRSH SCI receive shift register, STSH—SCI transmit shift register
HW Hardware reset is caused by asserting the external RESET signal.
SwW Software reset is caused by executing the RESET instruction.
IR Individual reset is caused by clearing PCRE (bits 0-2) (configured for GPI0O).
ST Stop reset is caused by executing the STOP instruction.
1 The bit is set during this reset.
0 The bit is cleared during this reset.
— The bit is not changed during this reset.

8.4 SCI Initialization
The SCI isinitialized as follows:

1. Ensurethat the SCl isinitsindividual reset state (PCRE = $0). Use ahardware RESET
signal or software RESET instruction.

2. Program the SCI control registers.
3. Configure at least one SCI signa asan SCI signal.

If interrupts are to be used, the signals must be selected, and global 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 enable the SCI, but the interrupts should be unmasked last

(that is, I[1-0] bits in the Status Register (SR) should be changed last). Synchronous
applications usually require exact frequencies, so the crystal frequency must be chosen
carefully. An alternative to selecting the system clock to accommodate the SCI requirements
is to provide an external clock to the SCI. When the SCI is configured in Synchronous mode,
internal clock, and all the SCI pins are simultaneously enabled, an extra pulse of one DSP
clock length is provided on tleeLK pin.
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There are two workarounds for this issue:

m  Enable an SCI pin other than scLk.
m Inthe next instruction, enable the remaining SCI pins, including the scLk pin.

Following is an example of one way to initialize the SCI:

1. Ensurethat the SCI isinitsindividual reset state (PCRE = $0).

2. Configure the control registers (SCR, SCCR) according to the operating mode, but do not
enable transmitter (TE = 0) or receiver (RE = 0).

Note: It isnow possibleto set the interrupts enabl e bits that are used during the operation.
No interrupt occurs yet.
3. Enable the SCI by setting the PCRE bits according to which signals are used during operation.

4. 1f transmit interrupt is not used, write data to the transmitter.

Note: If transmitter interrupt enable is set, an interrupt isissued and the interrupt handler
should write data into the transmitter. The DMA channel services the SCI transmit
request if it is programmed to service the SCI transmitter.

5. Enabletransmitters (TE = 1) and receiver (RE = 1) according to use.

Operation starts as follows:

m For an internally-generated clock, the scLk signal starts operation immediately after
the SCI isenabled (Step 3 above) for Asynchronous modes. In Synchronous mode, the
ScLK signal is active only while transmitting (that is, a gated clock).

m Dataisreceived only when the receiver isenabled (RE = 1) and after the occurrence of
the SCI receive sequence on the RxD signal, as defined by the operating mode (that is,
idle line sequence).

m Dataistransmitted only after the transmitter is enabled (TE = 1), and after the
initialization sequence has been transmitted (depending on the operating mode).

8.4.1 Preamble, Break, and Data Transmission Priority
Two or three transmission commands can be set simultaneously:

m A preamble (TE isset.)
m A break (SBK isset oriscleared.)
m Anindication that 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: preamble, break, data.
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8.4.2 Bootstrap Loading Through the SCI (Boot Mode 2 or A)

When the DSP comes out of reset, it checksthe MODD, MODC, MODB, and MODA pins
and sets the corresponding mode bits in the Operating Mode Register (OMR). If the mode bits
are write to 0010 or 1010, respectively, the DSP |oads the program RAM from the SCI.
Appendix shows the complete bootstrap code. This program (1) configures the SCI, (2)
loads the program size, (3) loads the location where the program begins loading in program
memory, and (4) loads the program.

First, the SCI Control Register is set to $000302, which enables the transmitter and receiver
and configures the SCI for 10 bits asynchronous with one start bit, 8 data bits, one stop bit,
and no parity. Next, the SCI Clock Control Register is set to $00C000, which configures the
SCI to use external receive and transmit clocks from the scLk pin input. This external clock
must be 16 times the desired serial datarate.

The next step isto receive the program size and then the starting address to |oad the program.
These two numbers are three bytes each loaded |east significant bytefirst. Each byteis echoed
back asit isreceived. After both numbers are loaded, the program sizeisin A0 and the
starting addressisin Al

The program is then loaded one byte at atime, least significant byte first. After the programis
loaded, the operating mode is set to zero, the CCR is cleared, and the DSP begins execution
with the first instruction loaded

8.5 Exceptions

The SCI can cause five different exceptionsin the DSP, discussed here from the highest to the
lowest priority:

1. SCI receive datawith exception status occurs when the receive data register isfull with
areceiver error (parity, framing, or overrun error). To clear the pending interrupt, read
the SCI status register; then read SRX. Use along interrupt service routine to handle
the error condition. Thisinterrupt is enabled by SCR[16] (REIE).

2. SCI receive data occurs when the receive data register is full. Read SRX to clear the pending
interrupt. This error-free interrupt can use a fast interrupt service routine for minimum over-
head. Thisinterrupt is enabled by SCR[11] (RIE).

3. SCI transmit data occurs when the transmit data register is empty. Write STX to clear the
pending interrupt. This error-free interrupt can use afast interrupt service routine for mini-
mum overhead. Thisinterrupt is enabled by SCR[12] (TIE).

4. SCI idle line occurs when the receive line enters the idle state (10 or 11 bits of ones). This
interrupt islatched and then automatically reset when the interrupt is accepted. This interrupt
is enabled by SCR[10] (ILIE).
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5. SCI timer occurs when the baud rate counter reaches zero. Thisinterrupt isautomatically reset
when the interrupt is accepted. Thisinterrupt is enabled by SCR[13] (TMIE).

8.6 SCI Programming Model
The SCI programming model can be viewed as three types of registers:

= Control
— SCI Control Register (SCR) iigure 8-3
— SCI Clock Control Register (SCCR) kigure 8-4
m  Status
— SCI Status Register (SSR)Hingure 8-3
m Data transfer
— SCI Receive Data Registers (SRXHgure 8-7
— SCI Transmit Data Registers (STX)Hingure 8-7
— SCI Transmit Data Address Register (STXAFigure 8-7

The SCI includes the GPIO functions describe8action 8.7, GPIO Sgnals and Registers,
on page 8-24. The next subsections describe the registers and their bits.
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Mode O
| 0 | 0 | 0 | 8-bit Synchronous Data (Shift Register Mode)
WDS2 WDS1 WDSO0
X p7| b6 | b5 | Da| D3| D2| D1| DO
(SSFTD =1)
l«———— One Byte From Shift Registef —— |
Mode 2
| 0 | 1 | 0 | 10-bit Asynchronous (1 Start, 8 Data, 1 Stop)
WDS2 WDS1 WDSO0
DO or
«—TX Start Stop
(SSFTD = 1) D7 D6 D5 D4 D3 D2 D1 | Data Bit
Type
Mode 4
| 1 | 0 | 0 | 11-bit Asynchronous (1 Start, 8 Data, 1 Even Parity, 1 Stop)
WDS2 WDS1 WDSO0
DO or
-—TX Start Even Stop
(SSFTD = 1) D7 D6 D5 D4 D3 D2 D1 | Data Parity Bit
Type
Mode 5
| 1 | 0 | 1 | 11-bit Asynchronous (1 Start, 8 Data, 1 Odd Parity, 1 Stop)
WDS2 WDS1 WDSO0
DO or
«—TX Start Odd Stop
(SSFTD = 1) D7 D6 D5 D4 D3 D2 D1 | Data Parity Bit
Type
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) D7 D6 D5 D4 D3 D2 D1 DO Type Bit

Data Type: 1 = Address Byte .
0 = Data Byte Note: 1.Modes 1, 3, and 7 are reserved.

2. DO =LSB; D7 = MSB

3. Data is transmitted and received LSB first if SSFTD = 0, or MSB first if
SSFTD=1

Figure 8-1. SCI Data Word Formats (SSFTD =1), 1
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Mode O

Lo oo |

wDS2 WDS1 WDSO0

8-bit Synchronous Data (Shift Register Mode)

X DO D1 D2 D3 D4 D5 D6 D7
(SSFTD = 0)
l«——— One Byte From Shift Registef —— |
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 Data Bit
Type
Mode 4
| 1 | 0 | 0 | 11-bit Asynchronous (1 Start, 8 Data, 1 Even Parity, 1 Stop)
WDS2 WDS1 WDSO0
D7 or
-—TX Start Even Stop
- DO D1 D2 D3 D4 D5 D6 ; B
(SSFTD=0) | Bit Data parity | Bit
Type
Mode 5
| 1 | 0 | 1 | 11-bit Asynchronous (1 Start, 8 Data, 1 Odd Parity, 1 Stop)
WDS2 WDS1 WDSO0
D7 or
-—TX Start Odd Stop
(SSFTD = 0) Bit DO D1 D2 D3 D4 D5 D6 | Data Parity Bit
Type
Mode 6
| 1 | 1 | 0 | 11-bit Asynchronous Multidrop (1 Start, 8 Data, 1 Data Type, 1 Stop)
WDS2 WDS1 WDSO0
-—TX Start Dat Stop
DO D1 D2 D3 D4 D5 D6 D7 ata
(SSFTD=0) | Bit Type Bit

Data Type: 1 = Address Byte

Note: 1.Modes 1, 3, and 7 are reserved.

@ MOTOROLA

0= Data Byte 2. DO = LSB; D7 = MSB.

3. Data is transmitted and received LSB first if SSFTD = 0,

or MSB first if SSFTD = 1.

Figure 8-2. SCI Data Word Formats (SSFTD = 0), 2
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8.6.1 SCI Control Register (SCR)

The SCR is aread/write register that controls the serial interface operation. Seventeen of its

24 bits are defined.

23 21 20 19 18 17 16

| | | | | | | | REE |
15 13 12 11 10 9 8

| SCKP | STIR | TMIE | TIE | RIE | ILIE | TE | RE |
7 5 4 3 2 1 0

| WOMS | RWU | WAKE | SBK | SSFTD | WDS?2 | WDS1 | WDSO0 |

—Reserved bit; read as 0; write to 0 for future compatibility.

Figure 8-3. SCI Control Register (SCR)

Table 8-2. SCI Control Register (SCR) Bit Definitions

Bit
Number

Bit Name

Reset
Value

Description

23-17

0

Reserved. Write to 0 for future compatibility.

16

REIE

0

Receive with Exception Interrupt Enable

Enables/disables 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. Either a hardware RESET signal or a
software RESET instruction clears REIE.

15

SCKP

SCI Clock Polarity

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 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 Asynchronous 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. Either a hardware RESET signal or a software RESET instruction
clears SCKP.

14

STIR

Timer Interrupt Rate

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 32. Either a hardware RESET signal
or a software RESET instruction clears this bit. To ensure proper operation of the timer,
STIR must not be changed during timer operation (that is, if TMIE = 1).

8-12
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Table 8-2. SCI Control Register (SCR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

13

TMIE

0

Timer Interrupt Enable

Enables/disables 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.
Either a hardware RESET signal or a software RESET instruction clears TMIE.

12

TIE

SCI Transmit Interrupt Enable

Enables/disables 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 whether 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. Either a hardware RESET signal or a software RESET instruction
clears TIE.

11

RIE

SCI Receive Interrupt Enable

Enables/disables the SCI receive data interrupt. If RIE is cleared, the receive data
interrupt is disabled, and the RDRF bit in the SCI status register must be polled to
determine whether 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 (that is, 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.
Either a hardware RESET signal or a software RESET instruction clears RIE.

10

ILIE

Idle Line Interrupt Enable
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. Either a hardware RESET signal
or a software RESET instruction clears ILIE. 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 is 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:

B The IDLE bit shows the real status of the receive line at all times.

B Anidle interrupt is generated once for each idle state, no matter how long the
idle state lasts.

@ MOTOROLA
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Table 8-2. SCI Control Register (SCR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

TE

0

Transmitter Enable

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, and then the
serial output is forced high (that is, idle). Data present in the SCI transmit data register
(STX) is not transmitted. STX can be written and TDRE cleared, but the data is not
transferred into the shift register. TE does not inhibit TDRE or transmit interrupts. Either
a hardware RESET signal or a software RESET instruction clears TE.

Setting TE causes the transmitter to send a preamble of 10 or 11 consecutive ones
(depending on WDS), giving you a convenient way to ensure that the line goes idle
before a new message starts. To force this separation of messages by the minimum
idle line time, we recommend the following sequence:

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 to queue 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 remains idle until STX
is finally written.

RE

Receiver Enable

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 completes before the receiver is disabled. RE does not inhibit RDRF or
receive interrupts. Either a hardware RESET signal or a software RESET instruction
clears RE.

WOMS

Wired-OR Mode Select

When WOMS 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 WOMS is cleared, the TXD signal uses an active
internal pullup. Either a hardware RESET signal or a software RESET instruction
clears WOMS.

8-14

DSP56303 User's Manual @ MOTOROLA




SCI Programming Model

Table 8-2. SCI Control Register (SCR) Bit Definitions (Continued)

Bit - Reset _
Number Bit Name Value Description

6 RwWU 0 Receiver Wakeup Enable

When RWU is set and the SCl is in Asynchronous mode, the wakeup function is
enabled; i. e., the SCl is asleep and can be awakened by the event defined by the
WAKE bit. In Sleep state, all interrupts and all receive flags except IDLE are disabled.
When the receiver wakes up, RWU is cleared by the wakeup hardware. You can also
clear the RWU bit to wake up the receiver. You can use RWU to ighore messages that
are for other devices on a multidrop serial network. Wakeup on idle line (i. e., WAKE is
cleared) or wakeup on address bit (i. e., WAKE is set) must be chosen. 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. 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 whether the message is intended for this DSP.
If the message is for this DSP, the message is received, and RWU is set to wait for the
next message. 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. Either a hardware RESET signal or a software RESET instruction
clears RWU. RWU is ignored in Synchronous mode.

5 WAKE 0 Wakeup Mode Select

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 10 or 11
(depending on WDS mode) consecutive ones. 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 there 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.

4 SBK 0 Send Break

A break is an all-zero word frame—a start bit 0, characters of all zeros (including any
parity), and a stop bit O (that is, ten or eleven zeros, depending on the mode selected).
If SBK is set and then cleared, the transmitter finishes transmitting the current frame,
sends 10 or 11 0s, and reverts to idle or sending data. If SBK remains set, the
transmitter continually sends whole frames of 0s (10 or 11 bits with no stop bit). At the
end 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 signal an
unusual condition, message, and so on, by forcing a frame error; the frame error is
caused by a missing stop bit.

3 SSFTD 0 SCI Shift Direction

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 they remain adjacent to the stop bit.
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Table 8-2. SCI Control Register (SCR) Bit Definitions (Continued)

Bit . Reset .
Number Bit Name Value Description
2-0 WDS[2-0] 0 Word Select
Select the format of transmitted and received data. Asynchronous modes are
compatible with most UART-type serial devices, and they support standard RS-232
communication links. Multidrop Asynchronous mode is compatible with the MC68681
DUART, the M68HC11 SCI interface, and the Intel 8051 serial interface. Synchronous
data mode is essentially a high-speed shift register for I/O expansion and stream-mode
channel interfaces. You can synchronize data by using a gated transmit and receive
clock compatible with the Intel 8051 serial interface mode 0. When odd parity is
selected, the transmitter counts the number of ones 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 ones, an error in transmission has occurred. When even
parity is selected, an even number must result from the calculation performed at both
ends of the line, or an error in transmission has occurred.
WDS2 WDS1 WDSO0 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)
1 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)
0 1 1 7 Reserved
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8.6.2 SCI Status Register (SSR)
The SSR is aread-only register that indicates the status of the SCI.

23 22 21 20 19 18 17 16
| | | | | | | |

15 14 13 12 11 10 9 8
| | | | | | | |

7 6 4 3 2 1 0
| RrR8 | FE | PE | OR | IDLE | RDRF | TDRE [ TRNE

—Reserved bit; read as 0; write to O for future compatibility.

Table 8-3. SCI Status Register

Table 8-4. SCI Status Register (SSR) Bit Definitions

Bit
Number

Bit Name

Reset
Value

Description

23-8

0

Reserved. Write to 0 for future compatibility.

7

R8

0

Received Bit 8

In 11-bit Asynchronous Multidrop mode, the R8 bit indicates whether the
received byte is an address or data. R8 is set for addresses and is cleared for
data. R8 is not affected by reads of the SRX or SCI status register. A hardware
RESET signal, a software RESET instruction, an SCI individual reset, or a STOP
instruction clears R8.

FE

Framing Error Flag

In Asynchronous mode, FE is set 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 a read of the SRX. A hardware RESET signal, a software RESET
instruction, an SCI individual reset, or a STOP instruction clears FE. In 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.

PE

Parity Error

In 11-bit Asynchronous modes, PE is set when an incorrect parity bit is detected
in the received character. PE and RDRF are set simultaneously 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. A hardware RESET signal, a software RESET instruction, an
SCl individual reset, or a STOP instruction also clears PE. In 10-bit
Asynchronous mode, 11-bit multidrop mode, and 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.

@ MOTOROLA
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Table 8-4. SCI Status Register (SSR) Bit Definitions (Continued)

Bit
Number

Bit Name

Reset
Value

Description

4

OR

0

Overrun Error Flag

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. A hardware RESET signal, a software
RESET instruction, an SCI individual reset, or a STOP instruction clears OR.

IDLE

Idle Line Flag

Set when 10 (or 11) consecutive ones 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).

RDRF

Receive Data Register Full

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.

TDRE

Transmit Data Register Empty

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. Either a hardware RESET signal, a software RESET
instruction, an SCI individual reset, or a STOP instruction sets TDRE.

In Synchronous mode, when the internal SCI clock is in use, 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 delay of 2 to 4 serial clock cycles between writing STX and
loading the transmit shift register; in addition, TDRE is set in the middle of
transmitting the 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 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.

TRNE

Transmitter Empty

This flag bit is set when both the transmit shift register and transmit data register
(STX) are empty, indicating 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 a write into STX or STXA clears TDRE
or when an idle, preamble, or break is transmitted. When set, TRNE 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 being
transmitted. This procedure is useful when initiating the transfer of a message
(that is, a string of characters).
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8.6.3 SCI Clock Control Register (SCCR)

The SCCR isaread/write register that control s the selection of clock modes and baud ratesfor
the transmit and receive sections of the SCI interface. The SCCR is cleared by a hardware

RESET signal.
23 22 21 20 19 18 17 16

| | | | | | | | |
15 14 13 12 11 10 9 8

| 1TcM | RcM | scp | cob | cpi1 | cpio | cp9 | cCD8 |
7 6 5 4 3 2 1 0

| cor | coe | cps | cp4a | cp3 | cp2 | cpr | CDO |

l:l Reserved. Read as 0. Write to O for future compatibility.
Figure 8-4. SCI Clock Control Register (SCCR)

Table 8-5. SCI Clock Control Register (SCCR) Bit Definitions

Bit
Number

Bit Name

Reset
Value

Description

23-16

0

Reserved. Write to 0 for future compatibility.

15

TCM

0

Transmit Clock Source

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.

14

RCM

Receive Clock Mode Source

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.

TCM | RCM | TX Clock| RX Clock| SCLK Mode

0 Internal | Internal Output Synchronous/asynchronous

0 External | Internal Input Asynchronous only

0
0 1 Internal | External Input Asynchronous only
1
1

1 External | External Input Synchronous/asynchronous

13

SCP

Clock Prescaler
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.

12

COoD

Clock Out Divider

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:

B If COD is cleared and SCLK is an output (that is, TCM and RCM are both
cleared), then the SCI clock is divided by 16 before being output to the SCLK
signal. Thus, the SCLK output is a 1 X clock.

B If CODis set and 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.
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Table 8-5. SCI Clock Control Register (SCCR) Bit Definitions (Continued)

Bit Reset

Number Bit Name Value Description

11-0 | CD[11-0] 0 Clock Divider

Specifies 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.

The SCI clock determines the data transmission (baud) rate and can also establish a periodic
interrupt that can act as an event timer or be used in any other timing function. Bits CD11—
CDO, SCP, and SCRJ[STIR] work together to determine the time base. If SCR[TMIE] = 1
when the periodic time-out occurs, the SCI timer interrupt is recognized and pending. The
SCI timer interrupt is automatically cleared when the interrupt is serviced. This interrupt

occurs every time the periodic timer times out.

Figure 8-5 shows the block diagram of the internal clock generation circuitry with the

formula to compute the bit rate when the internal clock is used.

Fcore
. Prescaler: -
L > DE';V'de »| 12-bit Counter »| Divide by 5| Dlvide
y 2 By 2
lor8
CD[11-0] scp
Internal Clock
' !
Divide SCI Core Logic
by 16 Uses Divide by 16 for
Asynchronous
Uses Divide by 2 for
STIR |—» (L Synchronous Y
If Asynchronous
Divide by 1 or 16
COoD If Synchronous
Tiner Divide By 2
Interrupt
(STMINT) Y
Fcore SCKP SCKP =0)p +
bps = 64 x (7(SCP) + 1) x CD + 1) SCKP =1} -
where: SCP=0or1l
CD =$000 to $FFF +
SCLK

Figure 8-5. SCI Baud Rate Generator
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Asnoted in Section 8.6.1, the SCI can be configured to operate in asingle Synchronous mode
or one of five Asynchronous modes. Synchronous mode requires that the TX and RX clocks
use the same source, but that source may be the internal SCI clock if the SCI is configured as
amaster device or an external clock if the SCI is configured as a slave device. Asynchronous
modes may use clocks from the same source (internal or external) or different sourcesfor the
TX clock and the RX clock.

For synchronous operation, the SCI uses a clock that is equal to the two times the desired bit
rate (designated as the 2 x clock) for both internal and external clock sources. It must use the
same source for both the TX and RX clock. Theinternal clock isused if the SCI isthe master
device and the external clock is used if the SCI isthe slave device, as noted above. The clock
is gated and limited to a maximum frequency equal to one eighth of the DSP core operating
frequency (that is, 12.5 MHz for aDSP core frequency of 100 MHz).

For asynchronous operation, the SCI can use the internal and external clocksin any
combination as the source clocks for the TX clock and RX clock. If an external clock is used
for the scLk input, it must be sixteen times the desired bit rate (designated as the 16 x clock),
asindicated in Figure 8-6. When the internal clock is used to supply aclock to an external
device, the clock can use the actual bit rate (designated asthe 1 x clock) or the 16 x clock
rate, as determined by the COD bit. The output clock is continuous.

Select 8-or 9-bit Words

Idle Line 0 1 2 3 4 5 6 7 8

RX, TX Data
(SSFTD =0)

x1 Clock | | | |

Y
x16 Clock
(SCKP =0) i

Figure 8-6. 16 x Serial Clock

Start Stop Start

When SCKP s cleared, the transmitted data on the TxXD signal changes on the negative edge of
the serial clock and is stable on the positive edge. When SCKP is set, the data changes on the
positive edge and is stable on the negative edge. 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
seria clock.
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8.6.4 SCI Data Registers

The SCI dataregisters are divided into two groups:. receive and transmit, as shown in 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.

23 16 15 8 7 0

1

|RXD>—>| | SCI Receive Data Shift Register

Note: SRX is the same register decoded at three different addresses.
(a) Receive Data Register

SRX SCI Receive Data Register High (Read Only)
SRX SCI Receive Data Register Middle (Read Only)
SRX SCI Receive Data Register Low (Read Only)

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 | H TXD>
23 16 15 8 7 0
| STXA | SCI Transmit Data Address Register (Write Only)

Note: Bytes are masked on the fly.
1. STX is the same register decoded at four different addresses.

(b) Transmit Data Register
Figure 8-7. SCI Programming Model—Data Registers
8.6.4.1 SCI Receive Register (SRX)

Data bits received on the RXD signal are shifted into the SCI receive shift register. When a
complete word is received, the data portion of the word is transferred to the byte-wide SRX.
This process converts serial datato parallel data and provides double buffering. Double
buffering promotes flexibility 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 isread,
the contents of the SRX are placed in the lower byte of the data bus and the remaining bits on
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the data bus are read as zeros. Similarly, when SRXM isread, the contents of SRX are placed
into the middle byte of the bus, and when SRXH is read, the contents of SRX are placed into
the high byte with the remaining bits are read as Os. Thisway of mapping SRX efficiently
packs three bytes into one 24-bit word by ORing three data bytes read from the three
addresses.

The SCR WDS0, WDS1, and WDS2 control bits define the length and format of the serial
word. The SCR receive clock mode (RCM) defines the clock source.

In Synchronous mode, the start bit, the eight data bits, the address/data indicator bit or the
parity bit, and the stop bit are received, respectively. Data bits are sent LSB first if SSFTD is
cleared, and MSB first if SSFTD is set. In Synchronous mode, a gated clock provides
synchronization. In either Synchronous or Asynchronous mode, when a complete word is
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 istransparent to the DSP, the contents of thisregister are not directly accessibleto the
programmer.

8.6.4.2 SCI Transmit Register (STX)

The transmit data register is a one-byte-wide register mapped into four addresses as STXL,
STXM, STXH, and STXA. In Asynchronous mode, when dataisto be transmitted, STXL,
STXM, and STXH are used. When STXL iswritten, the low byte on the databusis
transferred to the STX. When STXM iswritten, the middle byte is transferred to the STX.
When STXH iswritten, the high byte istransferred 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 11-bit asynchronous multidrop mode when the data is an address and the
programmer wants to set the ninth bit (the address bit). When STXA iswritten, the datafrom
the low byte on the data busis stored in it. The address data bit is cleared in 11-bit
asynchronous multidrop mode when any of STXL, STXM, or STXH iswritten. When either
STX (STXL, STXM, or STXH) or STXA iswritten, TDRE is cleared.

The transfer from either STX or STXA to the transmit shift register occurs automatically, but
not immediately, after the last bit from the previous word is shifted out; that is, the transmit
shift register is empty. Like the receiver, the transmitter is double-buffered. However, adelay
of two to four serial clock cycles occurs between when the dataistransferred from either STX
or STXA to the transmit shift register and when the first bit appears on the Txp signal. (A
serial clock cycleisthe time required to transmit one data bit.)

The transmit shift register is not directly addressable, and there is no dedicated flag for this
register. Because of thisfact and the two- to four-cycle delay, two bytes cannot be written
consecutively to STX or STXA without polling, because the second byte might overwrite the
first byte. Thus, you should always poll the TDRE flag prior to writing STX or STXA to
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prevent overruns unless transmit interrupts are enabled. Either STX or STXA isusualy
written as part of the interrupt service routine. An interrupt is generated only if TDRE is set.
The transmit shift register isindirectly visible viathe SSR[TRNE] bit.

In Synchronous mode, data is synchronized with the transmit clock. That clock 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, WDSL1, and WDS2 control bitsin the SCR.
In Asynchronous mode, 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 datato be transmitted can be written to any one of the three STX
addresses. If SCKPis set and SSHTD is set, SCI Synchronous mode is equivalent to the SSI
operation in 8-bit data on-demand mode.

Note: When dataiswritten to a peripheral device, thereisatwo-cycle pipeline delay until
any status bits affected by this operation are updated. If you read any of those status
bits within the next two cycles, the bit does not reflect its current status. For details
see the DSP56300 Family Manual.

8.7 GPIO Signals and Registers

Three registers control the GPIO functionality of the SCI pins: Port E control register
(PCRE), Port E direction register (PRRE) and Port E dataregister (PDRE).

8.7.1 Port E Control Register (PCRE)

The read/write PCRE controls the functionality of SCI GPIO signals. Each of the PCRE[2-0]
bits controls the functionality of the corresponding port signal. When a PCRE]i] bit is set, the
corresponding port signal is configured as an SCI signal. When a PC]i] bit is cleared, the
corresponding port signal is configured as a GPIO signal. A hardRgsiEeT signal or a

software RESET instruction clears all PCRE bits.

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

11 10 9 8 7 6 5 4 3 2 1 0

PE2/ PE1/ PEO/
SCLK TXD RXD

Note:  For bits 2-0, a 0 selects PEn as the signal and a 1 selects the specified SCI signal.
|:| = Reserved. Read as zero. Write to zero for future compatibility.
Figure 8-8. Port E Control Register (PCRE X:$FFFF9F)
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8.7.2 Port E Direction Register (PRRE)

The read/write PRRE controls the direction of SCI GPIO signals. When port signal[i] is
configured as GPIO, PRRE][i] controls the port signal direction. When PRREJi] is s&t, the
GPIO port signal[i] is configured as output. When PRRE[] is cleared, the GPIO port signal[i]
is configured asinput. A hardware RESET signal or a software RESET instruction clears all
PRRE bits.

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

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | PRRE2 | PRRE1 | PRREO |

Note:  For bits 2-0, a 0 configures PEn as a GPI and a 1 configures PEn as a GPO. For the SCI, the GPIO signals
are PE[2-0]. The corresponding direction bits for Port E GPIOs are PRRE[2-0].

I:l = Reserved. Read as zero. Write with zero for future compatibility.
Figure 8-9. Port E Direction Register (PRRE X:$3FFFF9E)

8.7.3 Port E Data Register (PDRE)

Bits 2—0 of the read/write 24-bit PDRE writes data to or reads data from the associated SCI
signal lines when configured as GPIO signals. If a port signal PE[i] is configured as an input
(GPI), the corresponding PDRE]i] bit reflects the value present on the input signal line. If a
port signal PE[i] is configured as an output (GPO), a value written to the corresponding
PDREJi] bit is reflected as a value on the output signal line. Either a haréwarg signal

or a software RESET instruction clears all PDR bits.

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

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | PDRE2 | PDRE1 | PDREO |

Note:  For bits 2-0, the value represents the level that is written to or read from the associated signal line if enabled
as a GPIO signal by the PCRE bits. For SCI, the GPIO signals are PE[2-0]. The corresponding data bits are
PDRE[2-0].

|:| = Reserved. Read as zero. Write with zero for future compatibility.
Figure 8-10. Port Data Registers (PDRE X:$FFFF9D)
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Chapter 9
Triple Timer Module

Thetimersin the DSP56303 internal triple timer module act as timed pul se generators or as
pulse-width modulators. Each timer has asingle signal that can function as a GPIO signal or
asatimer signal. Each timer can also function as an event counter to capture an event or to
measure the width or period of asignal.

9.1 Overview

The timer module contains a common 21-bit prescaler and three independent and identical
general-purpose 24-bit timer/event counters, each with its own register set. Each timer hasthe
following capabilities:

m Usesinternal or external clocking

m Interrupts the DSP56303 after a specified number of events (clocks) or signals an
external device after counting internal events

m  Triggers DMA transfers after a specified number of events (clocks) occurs
m  Connectsto the external world through one bidirectional signal, designated
TIO[0- 2] for timers 0-2.

WhenTIO is configured as an input, the timer functions as an external event counter or
measures external pulse width/signal period. Wihens configured as an output, the timer
functions as a timer, a watchdog timer, or a pulse-width modulator. When the timer does not
USeTIO, it can be used as a GPIO signal (also calleg-2)).
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9.1.1 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), and
three timers. Each timer can use the prescaler clock as its clock source.

GDB 24,
7 A
24 4 TPLR 24 TPCR
24 )
Timer Prescaler Timer Prescaler 1
Load Register Count Register
E— Timer 0 >
>
L 24-bit Counter _i Timer 1 E .
I F § 1§
>
— > Timer 2 < >
[
\/ Y
\J

CLK/2 TIOO TIO1 TIO2

Figure 9-1. Triple Timer Module Block Diagram

9.1.2 Individual Timer Block Diagram

Figure 9-2 shows the structure of an individual timer block. The DSP56303 treats each timer
as amemory-mapped peripheral with four registers occupying four 24-bit wordsin the X data
memory space. Thethreetimersare identical in structure and function. Either standard polled
or interrupt programming techniques can be used to service thetimers. A single, generic timer
Isdiscussed in this chapter. Each timer includes the following:

m  24-bit counter

m  24-bit read/write Timer Control and Status Register (TCSR)

m  24-bit read-only Timer Count Register (TCR)

m  24-bit write-only Timer Load Register (TLR)

m  24-bit read/write Timer Compare Register (TCPR)

m Logic for clock selection and interrupt/DMA trigger generation.

9-2 DSP56303 User's Manual @ MOTOROLA



Operation

The timer mode is controlled by the TC[3-0] bits which are TCSR[7-4]. For a listing of the
timer modes and descriptions of their operationsSeeion 9.3, Operating Modes, on page
9-5.

GDB 24
va
7
24 24 24 24
TCSR TLR TCR TCPR
Control/Status o Load Count Compare
Register - Register Register Register
A A
o X 24 ¥ 24 ¥ 24
2 24
Z Z
4 4
Y l Y l Y

Timer Control

Logic > Counter =

TIO CLK/2 Prescaler CLK Timer interrupt/DMA request y

Figure 9-2. Timer Module Block Diagram

9.2 Operation
This section discusses the following timer basics:

m Reset
m [nitialization
m  Exceptions

9.2.1 Timer After Reset

A hardwarerRESET signal or software RESET instruction clears the Timer Control and Status
Register for each timer, thus configuring each timer as a GPIO. A timer is active only if the
timer enable bit 0 (TCSR[TE]) in the specific timer TCSR is set.
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9.2.2 Timer Initialization

To initialize atimer, do the following:

1.

4.

Ensure that the timer is not active either by sending areset or clearing the TCSR[TE]
bit.

Configure the control register (TCSR) to set the timer operating mode. Set the interrupt
enable bits as needed for the application.

Configure other registers: Timer Prescaler Load Register (TPLR), Timer Load Register
(TLR), and Timer Compare Register (TCPR) as needed for the application.

Enable the timer by setting the TCSR[TE] bit.

9.2.3 Timer Exceptions

Each timer can generate two different exceptions:

Timer Overflow (highest priority) — Occurs when the timer counter reaches the
overflow value. This exception sets the TOF bit. TOF is cleared when a value of one is
written to it or when the timer overflow exception is serviced.

Timer Compare (lowest priority) — Occurs when the timer counter reaches the value
given in the Timer Compare Register (TCPR) for all modes except measurement
modes. In measurement modes 4-6, a compare exception occurs when the appropriate
transition occurs on theO signal. The Compare exception sets the TCF bit. TCF is
cleared when a value of one is written to it or when the timer compare interrupt is
serviced.

To configure a timer exception, perform the following steps. The example at the right of each
step shows the register settings for configuring a Timer 0 compare interrupt. The order of the
steps is optional except that the timer should not be enabled (step 2e) until all other exception
configuration is complete:

1.

9-4

Configure the interrupt service routine (ISR):
a. Load vector base address register VBA (b23-8)

b. Definel VEC to be equal to the VBA value (if that is nonzero). If it is defined,
| VEC must be defined for the assembler before the interrupt equatefileis
included.

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

a. Enable and prioritize overall peripheral interrupt functionality.
IPRP (TOL[1-0])

b. Enable a specific peripheral interrupt.
TCSRO (TCIE)

c. Unmask interrupts at the global level.
SR (I[1-0])

d. Configure aperiphera interrupt-generating function.
TCSRO (TC[7-4])

e. Enable peripheral and associated signals. TCSRO (TE)

9.3 Operating Modes
Each timer has operating modes that meet a variety of system requirements, as follows:

m 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 period, 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

Note: To ensure proper operation, the TCSR TC[3-0] bits should be changed only when
the timer is disabled (that is, when TCSR[TE] is cleared).
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9.3.1 Triple Timer Modes
For all triple timer modes, the following points are true:
m TheTCSR[TE] bit is set to clear the counter and enable the timer. Clearing TCSR[TE]
disables the timer.

m  Thevalue to which the timer isto count isloaded into the TCPR. (Thisistrue for all
modes except the measurement modes (modes 4 through 6).

m Thecounter isloaded with the TLR value on the first clock.

m If the counter overflows, TCSR[TOF] is set, and if TCSR[TOIE] is set, an overflow
interrupt is generated.

®m You can read the counter contents at any time from the Timer Count Register (TCR).

9.3.1.1 Timer GPIO (Mode 0)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 0 0 0 0 GPIO Timer GPIO Internal

In Mode O, the timer generates an internal interrupt when a counter value is reached, if the
timer compare interrupt is enabled (see Figure 9-3 and Figur e 9-4). When the counter equals
the TCPR value, TCSR[TCF] is set and a compare interrupt is generated if the TCSR[TCIE]
bit is set. If the TCSR[TRM] bit is set, the counter is reloaded with the TLR value at the next
timer clock and the count isresumed. If TCSR[TRM] is cleared, the counter continues to
increment on each timer clock signal. This process repeats until the timer is disabled.
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Mode 0 (internal clock, no timer output): TRM =1

N = write preload
M = write compare ¢

first event

last event

TE

Clock

(CLK/2 or prescale CLK)

{

TLR N/>
:

Counter (TCR) > 0

\I L]
|

><N+1

N+1 >< M\) ><N

TCPR >

/

TCF (Compare Interrupt if TCIE = 1)

G

Figure 9-3. Timer Mode (TRM = 1)

Mode 0 (internal clock, no timer output): TRM =0

N = write preload first event last event
M = write compare ¢
TE
Clock [ ] L L L[]
(CLK/2 or prescale CLK)
TLR >N /]
Counter (TCR) > 0 ><

TCPR > M

TCF (Compare Interrupt if TCIE = 1)

TOF (Overflow Interrupt if TCIE = 1)

Figure 9-4. Timer Mode (TRM = 0)
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9.3.1.2 Timer Pulse (Mode 1)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 0 0 1 1 Timer Pulse Timer Output Internal

In Mode 1, the timer generates an external pulse on its TIO signal when the timer count
reaches a pre-set value. The T1O signal isloaded with the value of the TCSR[INV] bit. When
the counter matches the TCPR value, TCSR[TCF] is set and a compare interrupt is generated
if the TCSR[TCIE] bit is set. The polarity of the TIO signal isinverted for one timer clock
period. If TCSR[TRM] is set, the counter is|oaded with the TLR value on the next timer
clock and the count isresumed. If TCSR[TRM] is cleared, the counter continues to increment
on each timer clock. This process repeats until TCSR[TE] is cleared (disabling the timer).

The TLR value in the TCPR sets the delay between starting the timer and generating the
output pulse. To generate successive output pulses with adelay of X clock cycles between
signals, set the TLR value to X/2 and set the TCSR[TRM] bit. This process repeats until the
timer is disabled.

Mode 1 (internal clock): TRM =1

N = write preload IrSt event

M = write compare

TE

Clock [ ] T!_\!_!!_!F
|

(CLK/2 or prescale CLK)

TLR ><N /

></0>L< N ><N+1><M)><N
TCPR >M /

TCF (Compare Interrupt if TCIE = 1)

TIO pin (INV = 0) pulse width =

timer clock

TIO pin (INV = 1) period

Figure 9-5. Pulse Mode (TRM = 1)

Counter (TCR)
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Mode 1 (internal clock): TRM =0

N = write preload first event
M = write compare v
TE
Clock |_| |_| |_| |_| |_‘

(CLK/2 or prescale CLK)

TLR <N Q /
Counter (TCR) /0 N N+1 M M+1 0 1
TCPR M \

TCF (Compare Interrupt if TCIE = 1)

TIO pin (INV = 0)

pulse width =

timer clock

TIO pin (INV = 1)

TOF (Overflow Interrupt if TCIE =

period
1)

Figure 9-6. Pulse Mode (TRM = 0)
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9.3.1.3 Timer Toggle (Mode 2)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 0 1 0 2 Toggle Timer Output Internal

In Mode 2, the timer periodically toggles the polarity of the TIO signal. When the timer is
enabled, the TIO signal isloaded with the value of the TCSR[INV] bit. When the counter
value matches the value in the TCPR, the polarity of the TIO output signal is inverted.
TCSR[TCF] is set, and acompare interrupt is generated if the TCSR[TCIE] bit is set. If the
TCSR[TRM] bit is set, the counter is |loaded with the value of the TLR when the next timer
clock isreceived, and the count resumes. If the TRM bit is cleared, the counter continuesto
increment on each timer clock. This process repeats until the timer is cleared (disabling the
timer). The TCPR[TLR] value sets the delay between starting the timer and toggling the TIO
signal. To generate output signals with adelay of X clock cycles between toggles, set the TLR
valueto X/2, and set the TCSR[ TRM)] bit. This process repeats until the timer isdisabled (that
is, TCSR[TE] iscleared).

Mode 2 (internal clock): TRM =1 st event
N = write preload ¢

M = write compare
TE \
Clock ’—‘ ’—‘ ’—‘ ’—‘ r

(CLK/2 or prescale CLK)

TLR N /

Counter (TCR) 0 N N+1 M N

TCPR <M

TCF (Compare Interrupt if TCIE = 1) M

TIO pin (INV = 0) pulse width =

M - N clock

TIO pirM \— periods

Figure 9-7. Toggle Mode, TRM =1
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Mode 2 (internal clock): TRM =0 st event

N = write preload
M = write compare

TE

v
Clock m % T m m m m m
A

(CLK/2 or prescale CLK)

TLR N

Counter (TCR) o X N N+1 M\<M +1 0 \§< 1

TCPR M _— |

TCF (Compare Interrupt if TCIE = 1) ( /

TIO pin (INV = 0) ‘ First toggle = M - N clock periods

Second and later toggles = 2 24
TIO pin (INV =1) ‘
TOF (Overflow Interrupt if TCIE = 1) Q,

Figure 9-8. Toggle Mode, TRM =0

clock periods
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9.3.1.4 Timer Event Counter (Mode 3)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 0 1 1 3 Event Counter Timer Input External

In Mode 3, the timer counts external events and issues an interrupt (if interrupt enable bits are
set) when the timer counts a preset number of events. The timer clock signal can be taken
from either the TIO input signal or the prescaler clock output. If an external clock isused, it
must be internally synchronized to the internal clock, and its frequency must be less than the
DSP56303 internal operating frequency divided by 4. The value of the TCSR[INV] bit
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, TCSR[TCF] is set and acompare
interrupt isgenerated if the TCSR[TCIE] bitisset. If the TCSR[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 TCSR[TRM] hit is cleared, the counter continues to increment on each timer
clock. This process repeats until the timer is disabled.

Mode 3 (internal clock): TRM =1

N = write preload first event
M = write compare ¢
TE
if clock source
is from TIO pin,
Clock TIO < CPUCLK + 4
(TIO pin or prescale CLK) )
TLR <N J
Counter (TCR) 0 >< N N+1 M N
TCPR <M
i ———————— interrupts every
TCF (Compare Interrupt if TCIE = 1) M- N clock
periods

NOTE: If INV = 1, counter is clocked on 1-to-0 clock transitions, instead of 0-to-1 transitions.

Figure 9-9. Event Counter Mode, TRM =1
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Mode 3 (internal clock): TRM =0 if clock source is from TIO pin,

N = write preload first event TIO <CPUCLK +4
M = write compare ¢
TE

(T1O pin or prescale CLK)

Clock | ) K>W I s N U A

TLR

Counter (TCR)

<

>Xii(, >g
0 Y N < Ne1 j M1 0\<<1

TCPR <M )

TCF (Compare Interrupt if TCIE = 1)

TOF (Overflow Interrupt if TCIE = 1)

NOTE: If INV = 1, counter is clocked on 1-t0-0 clock transitions, instead of 0-to-1 transitions.

Figure 9-10. Event Counter Mode, TRM =0
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9.3.2 Signal Measurement Modes
The following signal measurement and pul se width modulation modes are provided:

m  Measurement input width (Mode 4)
m  Measurement input period (Mode 5)
m  Measurement capture (Mode 6)
m  Pulse width modulation (PWM) mode (Mode 7)
The external signal synchronizes with the internal clock that increments 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.

9.3.2.1 Measurement Input Width (Mode 4)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 1 0 0 4 Input width Measurement Input Internal

In Mode 4, the timer counts the number of clocks that occur between opposite edges of an
input signal. After the first appropriate transition (as determined by the TCSR[INV] bit)
occurson the TIO input signal, the counter isloaded withthe TLR value. If TCSR[INV] 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 (that is, O 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. TCSR[TCF] is set and a compare interrupt is generated if the
TCSR[TCIE] bit is set. The value of the counter (which measures the width of the TI1O pulse)
Is loaded into the TCR, which can be read to determine the external signal pulse width. If the
TCSR[TRM] bit is set, the counter is loaded with the TLR value on the first timer clock
received following the next valid transition on the TIO input signal, and the count resumes. If
TCSR[TRM] is cleared, the counter continues to increment on each timer clock. This process
repeats until the timer is disabled.
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Mode 4 (internal clock): TRM =1 first event
N = write preload ¢
M = write compare

TE

Clock
(CLK/2 or prescale CLK) /

TR >N

—
R I T

Next 0-to-1 edge

e

on TIO loads

TCR \ counter and
/‘ process repeats

TIO pin J width being measured

Interrupt Service

. ds TCR; width
TCF (Compare Interrupt if TCIE = 1) rzeﬁﬂ S N C|o;:\|2”
periods

NOTE: If INV = 1, a 1-to-0 edge on TIO loads the counter, and a 0-to-1 edge on TIO
stops the counter and loads TCR with the count.

Figure 9-11. Pulse Width Measurement Mode, TRM =1

Mode 4 (internal clock): TRM =1 first event
N = write preload ¢
M = write compare

TE

Clock
(CLK/2 or prescale CLK) /

TLR <N

Counter o N & N+1 ; M
/ Next 0-to-1 edge

M on TIO starts

TCR \ counter from current
| /‘ count and process
J width being measured repeats. Overflow

TIO pin may occur (TOF = 1).
. ——_ Interrupt Service
TCF (Compare Interrupt if TCIE = 1) reads TCR for
accumulated width

NOTE: If INV = 1, a 1-to-0 edge on TIO loads the counter, and a 0-to-1 edge on TIO of M - N clock periods.
stops the counter and loads TCR with the count.

Figure 9-12. Pulse Width Measurement Mode, TRM =0
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9.3.2.2 Measurement Input Period (Mode 5)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 1 0 1 5 Input period Measurement Input Internal

In Mode 5, the timer counts the period between the reception of signal edges of the same
polarity acrossthe TIO signal. 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 next signal transition of the same polarity that occurson TIO, TCSR[TCF] is set,
and acompare interrupt is generated if the TCSR[TCIE] bit is set. The contents of the counter
load into the TCR. The TCR then contains the value of the time that el apsed between the two
signal transitions on the TIO signal. After the second signal transition, if the TCSR[TRM] bit
Is set, the TCSR[TE] bit is set to clear the counter and enable the timer. The counter is
repeatedly loaded and incremented until the timer is disabled. If the TCSR[TRM] hit is
cleared, the counter continues to increment until it overflows.

Mode 5 (internal clock): TRM =1 first event
N = write preload
M = write compare

TE

Clock
(CLK/2 or prescale CLK)

TLR N ) S/
Counter continues

Counter 0 g{ N % N+1 M N
counting, does

TCR M not stop

TIO pin period beingmeasured

Interrupt Servic_e
TCF (Compare Interrupt if TCIE = 1) r:e,?,,d_s NT %E’Cﬁemd

periods

NOTE: If INV = 1, a 1-to-0 edge on TIO loads the counter, and a 0-to-1 edge on TIO
loads TCR with count and the counter with N.

Figure 9-13. Period Measurement Mode, TRM =1
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Mode 5 (internal clock): TRM =0 first event

N = write preload

M = write compare

TE

Clock
(CLK/2 or prescale CLK) )

TLR <N )

’

Counter 0 % N % N+1

TCR

TIO pin

TCF (Compare Interrupt if TCIE = 1)

period beingmeasured

f

loads TCR with count and the counter with N.

Figure 9-14. Period Measurement Mode, TRM =0
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NOTE: If INV = 1, a 1-to-0 edge on TIO loads the counter, and a 0-to-1 edge on TIO

Counter continues
counting, does

not stop. Overflow
may occur (TOF=1).

Interrupt Service

reads TCR; period
=M - N clock
periods
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9.3.2.3 Measurement Capture (Mode 6)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 1 1 0 6 Capture Measurement Input Internal

In Mode 6, the timer counts the number of clocks that elapse between when the timer starts
and when an external signal isreceived. At the first appropriate transition of the external
clock detected on the TIO signal, TCSR[TCF] is set and, if the TCSR[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 TCSR[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 signalsthe end of the timing period. If the INV bit is set, ahigh-to-low transition signals
the end of the timing period. If INV iscleared, alow-to-high transition signals the end of the

timing period.

Mode 6 (internal clock): TRM =1

N = write preload
M = write compare

TE

Clock

first event

v

(CLK/2 or prescale CLK) )

TLR

N /[

Counter

TCR

TIO pin

NOTE: If INV = 1, a 1-to-0 edge on TIO loads TCR with count and stops the counter.

9-18
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0 N N+1

delay being measured \

TCF (Compare Interrupt if TCIE = 1)

Figure 9-15. Capture Measurement Mode, TRM =0
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Counter stops

counting; overflow
may occur before
capture (TOF = 1)

Interrupt Service
reads TCR; delay
=M - N clock
periods
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9.3.3 Pulse Width Modulation (PWM, Mode 7)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
0 1 1 1 7 Pulse width modulation PWM Output Internal

In Mode 7, the timer generates periodic pulses of a preset width. When the counter equals the
valueinthe TCPR, the TIO output signal istoggled and TCSR[TCF] is set. The contents of the
counter are placed into the TCR. If the TCSR[TCIE] bit is set, acompare interrupt is
generated. The counter continues to increment on each timer clock.

If counter overflow occurs, the TIO output signal istoggled, TCSR[TOF] is set, and an
overflow interrupt is generated if the TCSR[TOIE] bitis set. If the TCSR[TRM] bit is set, the
counter is loaded with the TLR value on the next timer clock and the count resumes. If the
TCSR[TRM] bit is cleared, the counter continues to increment on each timer clock. This
process repeats until the timer is disabled.

When the TCSR[TE] bit is set and the counter starts, the TIO signal assumesthe value of INV.
On each subsequent toggle of the TIO signal, the polarity of the TIO signal is reversed. For
example, if the INV bit is set, the TIO signal generates the following signal: 1010. If the INV
bit is cleared, the TIO signal generates the following signal: 0101.

The value of the TLR determines the output period ($FFFFFF — TLR + 1). The timer counter
increments theinitial TLR value and toggles the TIO signal when the counter value exceeds
$FFFFFF. The duty cycle of the TIO signal is determined by the value in the TCPR. When the
valuein the TLR incrementsto avalue equal to the value in the TCPR, the TIO signal is
toggled. The duty cycle is equal to ($FFFFFF — TCPR) divided by ($FFFAER + 1). For
a 50 percent duty cycle, the value of TCPR is equal to ($FFFFFF + TLR + 1)/2.

Note: The value in TCPR must be greater than the value in TLR.

@ MOTOROLA Triple Timer Module 9-19



Operating Modes

Period = $FFFFFF - TLR + 1
Duty cycle = ($FFFFFF - TCPR)

. Ensure that TCPR > TLR for correct functionali
Mode 7 (internal clock): TRM =1 vy

N = write preload first event
M = write compare v

TE

CbckWSSWWWWTL
(CLK/2 or prescale CLK)

/

%

TLR N /

Counter (TCR) 0 M+1 0 N N+1

)
O — a—,

|
' /]
TCF (Compare Interrupt: if TCIE = 1) &

TCF (Overflow Interrupﬁ| if TDIE = 1) \
| \ \
|
| K/V

4—— Pulse width —»’
«—— Period

>

TIO pin (INV = 0)

TIO pin (INV = 1)

Figure 9-16. Pulse Width Modulation Toggle Mode, TRM =1
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Period = $FFFFFF - TLR + 1
Duty cycle = ($FFFFFF - TCPR)

. Ensure that TCPR > TLR for correct functionali
Mode 7 (internal clock): TRM =0 vy

N = write preload first event
M = write compare v

TE

kaWSSWWWWTL
(CLK/2 or prescale CLK)

/

%

TLR N /

Counter (TCR) 0 M

| \
TCPR ><T"' [/ //
TCF (Compare Interrupﬂ| if TCIE = 1) / (

TCF (Overflow Interrupﬁ| if TDIE = 1) \
| \
|
| K/V

4—— Pulse width —»’
«—— Period

|

TIO pin (INV = 0)

TIO pin (INV = 1)

NOTE: On overflow, TCR is loaded with the value of TLR.

Figure 9-17. Pulse Width Modulation Toggle Mode, TRM =0
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9.3.4 Watchdog Modes
The following watchdog timer modes are provided:

m Watchdog Pulse
m  Watchdog Toggle

9.3.4.1 Watchdog Pulse (Mode 9)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
1 0 0 1 9 Pulse Watchdog Output Internal

In Mode 9, the timer generates an external signal at a preset rate. The signal period is equal to
the period of one timer clock. After the counter reaches the value in the TCPR, if the
TCSR[TRM] bit is set, the counter is loaded with the TLR value on the next timer clock and
the count resumes. Therefore TRM = 1 is not useful for watchdog functions. If the
TCSR[TRM] bit is cleared, the counter continues to increment on each subsequent timer
clock. This process repeats until the timer is disabled (that is, TCSR[TE] is cleared). If the
counter overflows, a pulseis output on the TIO signal with a pulse width equal to the timer
clock period. If the INV bit is set, the pulse polarity ishigh (logical 1). If INV iscleared, the
pulse polarity islow (logical 0). The counter reloads when the TLR is written with a new
value while the TCSR[TE] bit is set. In Mode 9, internal logic preserves the TIO value and
direction for an additional 2.5 internal clock cycles after the hardware RESET signal is
asserted. This convention ensures that avalid RESET signal is generated when the TIO signal
resets the DSP56303.
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Mode 9 (internal clock): TRM =0 (Software does not reset watchdog timer; watchdog times out)
N = write preload first event TRM = 1 is not useful for watchdog function
M = write compare 4
T = —
Clock ‘ ‘ ‘ ‘ ‘ ‘_
(CLK/2 or prescale CLK)
TLR N / /
Counter (TCR) 0 >£ N N+1>< M) M+1 //O \ 1
TCPR M / )
TCF (Compare Interrupt if TCIE = 1) K}

TOF (Overflow Interrupt if TOIE = 1)

float \ﬂ,| pulse width
TIO pin (INV = 0) low =timer |

clock period

float
TIO pin (INV = 1)

TIO can connect to the RESET pin, internal hardware preserves the TIO value and
direction for an additional 2.5 clocks to ensure a reset of valid length.

Figure 9-18. Watchdog Pulse Mode

high
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9.3.4.2 Watchdog Toggle (Mode 10)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Function TIO Clock
1 0 1 0 10 Toggle Watchdog Output Internal

In Mode 10, the timer toggles an external signal after a preset period. The TIO signal isset to
the value of the INV bit.When the counter equals the value in the TCPR, TCSR[TCF] is set,
and acompare interrupt is generated if the TCSR[TCIE] bit isalso set. If the TCSR[TRM] bit
IS set, the counter loads with the TLR value on the next timer clock and the count resumes.
Therefore, TRM = 1 isnot useful for watchdog functions. If the TCSR[TRM] bit is cleared,
the counter continues to increment on each subsequent timer clock. When a counter overflow
occurs, the polarity of the TIO output signal isinverted. The counter is reloaded whenever the
TLR iswritten with anew value while the TCSR[TE] hit is set. This process repeats until the
timer isdisabled. In Mode 10, internal logic preserves the TIO value and direction for an
additional 2.5 internal clock cycles after the hardware RESET signal is asserted. This
convention ensures that avalid reset signal is generated when the TIO signal resets the
DSP56303.

Mode 10 (internal clock): TRM =0 first event TRM = 1 is not useful for watchdog function
N = write preload <
M = write compare
TE _—
Clack | | I
(CLK/2 or prescale CLK) )
TLR (N L/ \
Counter (TCR) X 0 N N+1 >< M M+1 0 1

TCPR M / /
TCF (Compare Interrupt if TCIE = 1) Q’ (
TOF (Overflow Interrupt if TOIE = 1)

float k’
TIO pin (INV = 0) low |

float -

high

TIO pin (INV = 1) ‘—

TIO can connect to the RESET pin, internal hardware preserves the TIO value and
direction for an additional 2.5 clocks to ensure a reset of valid length.

Figure 9-19. Watchdog Toggle Mode
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9.3.4.3 Reserved Modes
Modes 8, 11, 12, 13, 14, and 15 are reserved.

9.3.5 Special Cases
The following special cases apply during wait and stop state.

m 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 DSP56303 leaves the wait state and services the interrupt.

m Timer behavior during stop — During execution of the STOP instruction, the timer
clocks are disabled, timer activity stops, andTigesignals are disconnected. Any
external changes that happen totl@signals are ignored when the DSP56303 is in
stop state. To ensure correct operation, disable the timers before the DSP56303 is
placed in stop state.

9.3.6 DMA Trigger

Each timer can also trigger DMA transfers if a DMA channel is programmed to be triggered
by a timer event. The timer issues a DMA trigger on every event in all modes of operation. To
ensure that all DMA triggers are serviced, provide for the preceding DMA trigger to be
serviced before the DMA channel receives the next trigger.

9.4 Triple Timer Module Programming Model

The timer programmer’s model iigure 9-20 shows the structure of the timer registers.

9.4.1 Prescaler Counter

The prescaler counter is a 21-bit counter that decrements on the rising edge of the prescaler
input clock. The counter is enabled when at least one of the three timers is enabled (that is,
one or more of the timer enable bits are set) and is using the prescaler output as its source (tha
is, one or more of the PCE bits are set).

@ MOTOROLA Triple Timer Module 9-25



Triple Timer Module Programming Model

23 0 Timer Prescaler Load
Register (TPLR)
TPLR = $FFFF83

23 0 Timer Prescaler Count
Register (TPCR)

TPLR = $FFFF82
23 22 21 20 19 18 17 16

TCF | TOF Timer Control/Status
Register (TCSR)
15 14 13 12 11 10 9 8 TCSRO = $FFFF8F
PCE DO | DI |DIR -TRM INv | TCSR1=S$FFFF8B
TCSR2 = $FFFF87

7 6 5 4 3 2 1 0
TC3 | TC2|TC1 | TCO -TCIE TOIE| TE

23 0 Timer Load
Register (TLR)
TLRO = $FFFF8E
TLR1 = $FFFF8A
TLR2 = $FFFF86

23 0 Timer Compare

Register (TCPR)
TCPRO = $FFFF8D
TCPR1 = $FFFF89
TCPR2 = $FFFF85

23 0

Timer Count
Register (TCR)

TCRO = $FFFF8C
TCR1 = $FFFF88
TCR2 = $FFFF84

- Reserved bit. Read as 0. Write with 0 for future compatibility
Figure 9-20. Timer Module Programmer’s Model
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9.4.2 Timer Prescaler Load Register (TPLR)

The TPLR isaread/write register that controls the prescaler divide factor (that is, the number
that the prescaler counter loads and begins counting from) and the source for the prescaler

input clock.

23 22

21

20 19

18 17 16 15 14 13 12

| | ps1 | pso | p2o | pL1o | PL18 | PL17 | PL16 | PLIS | PL14 | PL13 | PL12 |

11 10

9

8 7

6 5 4 3 2 1 0

‘ PL11 ‘ PLlO‘ PLO ‘ PL8 ‘ PL7 ‘ PL6 ‘ PL5 ‘ PL4 ‘ PL3 ‘ PL2 ‘ PL1 ‘ PLO ‘

I:l» Reserved bit. Read as 0. Write to 0 for future compatibility
Figure 9-21. Timer Prescaler Load Register (TPLR)

Table 9-1. Timer Prescaler Load Register (TPLR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

23

0

Reserved. Write to zero for future compatibility.

22-21

PS[1-0]

0

Prescaler Source

Control the source of the prescaler clock. The prescaler’'s use of a TIO
signal is not affected by the TCSR settings of the timer of the
corresponding TIO signal. If the prescaler source clock is external, the
prescaler counter is incremented by signal transitions on the TIO signal.
The external clock is internally synchronized to the internal clock. The
external clock frequency must be lower than the DSP56303 internal
operating frequency divided by 4 (that is, CLK/4).

NOTE: To ensure proper operation, change the PS[1-0] bits only when
the prescaler counter is disabled. Disable the prescaler counter by
clearing TCSR[TE] of each of three timers.

PS1 PSO Prescaler Clock Source

Internal CLK/2

TIO1

0 0
0 1 TIOO0
1 0
1 1

TIO2

20-0

PL[20-0]

Prescaler Preload Value

Contains the prescaler preload value, which 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.
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9.4.3 Timer Prescaler Count Register (TPCR)

The TPCR is aread-only register that reflects the current value in the prescaler counter.

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 | pca | Pc3 | pc2 | pci | pco |

I:l Reserved bit; read as 0; write to 0 for future compatibility
Figure 9-22. Timer Prescaler Count Register (TPCR)

Table 9-2. Timer Prescaler Count Register (TPCR) Bit Definitions

Bit Number Bit Name Reset Value Description
23-21 0 Reserved. Write to zero for future compatibility.
20-0 PC[20-0] 0 Prescaler Counter Value
Contain the current value of the prescaler counter.

9.4.4 Timer Control/Status Register (TCSR)

The TCSR is aread/write register controlling the timer and reflecting its status.

23 22 21 20 19 18 17 16 15 14 13 12
T Tolw[ T [ [ Teel Toolo]
11 10 9 8 7 6 5 4 3 2 1 0
| DR | | TRM | v | TC3 | T2 | TC1 | TCO | | TcE | TOE | TE |

|:| Reserved. Read as 0. Write to 0 for future compatibility
Figure 9-23. Timer Control/Status Register (TCSR)

Table 9-3. Timer Control/Status Register (TCSR) Bit Definitions

Bit Number

Bit Name

Reset Value

Description

23-22

0

Reserved. Write to zero for future compatibility.
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Table 9-3. Timer Control/Status Register (TCSR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

21

TCF

0

Timer Compare Flag

Indicate that the event count is complete. In timer, PWM, and watchdog
modes, the TCF bit is set after (M — N + 1) events are counted. (M is the
value in the compare register and N is the TLR value.) In measurement
modes, the TCF bit is set when the measurement completes. Writing a one
to the TCF bit clears it. A zero written to 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 TCSR[TE] bit to disable the timer.

NOTE: The TOF and TCF bits are cleared by a 1 written to the specific bit.
To ensure that only the target bit is cleared, do not use the BSET
command. The proper way to clear these bits is to write 1, using a MOVEP
instruction, to the flag to be cleared and 0 to the other flag.

20

TOF

Timer Overflow Flag

Indicates that a counter overflow has occurred. This bit is cleared by
writing a one to the TOF bit. Writing a zero to TOF 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 TCSR[TE] bit to disable the timer.

19-16

Reserved. Write to zero for future compatibility.

15

PCE

Prescaler Clock Enable

Selects the prescaler clock as the timer source clock. When PCE is
cleared, the timer uses either an internal (CLK/2) signal or an external
(T10) signal as its source clock. When PCE is set, the prescaler output is
the timer source clock for the counter, regardless of the timer operating
mode. To ensure proper operation, the PCE bit is changed only when the
timer is disabled. The PS[1-0] bits of the TPLR determine which source
clock is used for the prescaler. A timer can be clocked by a prescaler clock
that is derived from the TIO of another timer.

14

Reserved. Write to zero for future compatibility.

13

DO

Data Output

The source of the TIO value when it is a data output signal. The TIO signal
is a 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 to the DO bit has no effect.

12

DI

Data Input

Reflects the value of the TIO signal. If the INV bit is set, the value of the
TIO 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.
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Table 9-3. Timer Control/Status Register (TCSR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

11

DIR

0

Direction

Determines the behavior of the TIO signal when it functions as a GPIO
signal. When DIR is set, the TIO signal is an output; when DIR is cleared,
the TIO signal is an input. The TIO signal functions as a GPIO signal only
when the TC[3-0] bits are cleared. If any of the TC[3-0] bits are set, then
the GPIO function is disabled, and the DIR bit has no effect.

10

Reserved. Write to zero for future compatibility.

TRM

Timer Reload Mode

Controls the counter preload operation. In timer (0-3) and watchdog
(9-10) modes, the counter is preloaded with the TLR value after the
TCSR[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 TCSR[TE] bits are set, the counter is preloaded
with the TLR value on each appropriate edge of the input signal. If the
TRM bit is cleared, the counter operates as a free running counter and is
incremented on each incoming event.

INV

Inverter

Affects the polarity definition of the incoming signal on the TIO signal when
TIO is programmed as input. It also affects the polarity of the output pulse
generated on the TIO signal when TIO is programmed as output. See
Table 9-4, “Inverter (INV) Bit Operation,” on page 32. The INV bit does not
affect the polarity of the prescaler source when the TIO is input to the
prescaler.

NOTE: The INV bit affects both the timer and GPIO modes of operation.
To ensure correct operation, change this bit only when one or both of the
following conditions is true: the timer is disabled (the TCSR[TE] bit is
cleared). The timer is in GPIO mode.
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Table 9-3. Timer Control/Status Register (TCSR) Bit Definitions (Continued)

Bit Number Bit Name Reset Value Description
7-4 TC[3-0] 0 Timer Control
Control the source of the timer clock, the behavior of the TIO signal, and
the Timer mode of operation. Section 9.3, Operatl ng Modes, on
page 9-5 describes the timer operating modes in detail.
NOTE: To ensure proper operation, the TC[3-0] bits should be changed
only when the timer is disabled (that is, when the TCSR[TE] bit is cleared)
NOTE: If the clock is external, the counter is incremented by the transitions
on the TIO 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 (that is, CLK/4).
Bit Settings Mode Characteristics
Tc3 | Te2 | T Teo|  Mode Mode TIO | Clock
Number Function
Timer and
1
0 0 0 0 0 GPIO GPI10 1| 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
0 1 1 1 7 Pulse Wl.dth Output | Internal
modulation
1 0 0 0 8 Reserved |— —
1 0 0 1 9 Watchdog Output | Internal
pulse
1 0 1 0 10 Watchdog Output | Internal
Toggle
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.
3 0 Reserved. Write to zero for future compatibility.
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Table 9-3. Timer Control/Status Register (TCSR) Bit Definitions (Continued)

Bit Number

Bit Name

Reset Value

Description

TCIE 0

Timer Compare Interrupt Enable

Enables/disables the timer compare interrupts. When set, TCIE enables
the compare interrupts. In the timer, pulse width modulation (PWM), or
watchdog modes, a compare interrupt is generated after the counter value
matches the value of the TCPR. The counter starts counting up from the
number loaded from the TLR and if the TCPR value is M, an interrupt
occurs after (M — N + 1) events, where N is the value of TLR. When
cleared, the TCSR[TCIE] bit disables the compare interrupts.

TOIE 0

Timer Overflow Interrupt Enable

Enables timer overflow interrupts. When set, 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. When cleared, the TOIE bit disables
overflow interrupt generation.

TE 0

Timer Enable

Enables/disables the timer. When set, 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. When clear, TE bit disables the
timer.

NOTE: When all three timers are disabled and the signals are not in GPIO
mode, all three TIO signals are tri-stated. To prevent undesired spikes on
the TIO signals when you switch from tri-state into active state, these
signals should be tied to the high or low signal state by pull-up or pull-down
resistors.

Table 9-4. Inverter (INV) Bit Operation

Mode

TIO Programmed as Input

TIO Programmed as Output

INV=0

INV=1 INV=0 INV =1

GPIO signal on the TIO
signal read directly.

Bit written to GPIO Bit written to GPIO

GPIO signal on the TIO
signal inverted.

put on TIO signal
directly.

inverted and put on
TIO signal.

Counter is incremented on
the rising edge of the signal
from the TIO signal.

Counter is incremented on
the falling edge of the
signal from the TIO signal.

Counter is incremented on
the rising edge of the signal
from the TIO signal.

Counter is incremented on
the falling edge of the
signal from the TIO signal.

Initial output put on
TIO signal directly.

Initial output inverted
and put on TIO signal.

Counter is incremented on
the rising edge of the signal
from the TIO signal.

Counter is incremented on
the falling edge of the
signal from the TIO signal.
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Table 9-4. Inverter (INV) Bit Operation (Continued)

TIO Programmed as Input

TIO Programmed as Output

Mode
INV =0 INV=1 INV =0 INV=1
4 Width of the high input Width of the low input
pulse is measured. pulse is measured. _ _
5 Period is measured between | Period is measured
the rising edges of the input | between the falling edges
signal. of the input signal. . .
6 Event is captured on the Event is captured on the
rising edge of the signal falling edge of the signal
from the TIO signal. from the TIO signal. _ _
7 Pulse generated by Pulse generated by the
_ _ the timer has timer has negative
positive polarity. polarity.
9 Pulse generated by Pulse generated by the
_ _ the timer has timer has negative
positive polarity. polarity.
10 Pulse generated by Pulse generated by the

the timer has
positive polarity.

timer has negative
polarity.

9.4.5 Timer Load Register (TLR)

The TLR isa24-bit write-only register. In al modes, the counter is preloaded with the TLR
value after the TCSR[TE] bit is set and afirst event occurs.

In timer modes, if the TCSR[TRM] bit is set, the counter is reloaded each time after it
reaches the value contained by the timer compare register and the new event occurs.

In measurement modes, if TCSR[TRM] and TCSR[TE] are set, the counter is rel oaded
with the value in the TLR on each appropriate edge of the input signal.

In PWM modes, if TCSR[TRM] is set, the counter is reloaded each time after it
overflows and the new event occurs.

In watchdog modes, if TCSR[TRM] is set, the counter is reloaded each time after it
reaches the value contained by the timer compare register and the new event occurs. In
this mode, the counter is also reloaded whenever the TLR is written with anew value

while TCSR[TE] is set.

Inal modes, if TCSR[TRM] iscleared (TRM = 0), the counter operates asa

free-running counter.

@ MOTOROLA
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9.4.6 Timer Compare Register (TCPR)

The TCPR isa24-bit read/write register that contains the value to be compared to the counter
value. These two values are compared every timer clock after TCSR[TE] is set. When the
values match, the timer compare flag bit is set and an interrupt is generated if interrupts are
enabled (that is, the timer compare interrupt enable bit in the TCSR is set). The TCPR is
ignored in measurement modes.

9.4.7 Timer Count Register (TCR)

The TCR is a 24-bit read-only register. In timer and watchdog modes, the contents of the
counter can be read at any time from the TCR register. In measurement modes, the TCR is
loaded with the current val ue of the counter on the appropriate edge of theinput 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 mode, the TIO signal is used for the input signal.
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Appendix A
Bootstrap Program

This appendix lists the bootstrap program and equates for the DSP56303. Motorola posts
updates to the bootstrap program on the Worldwide Web at the following URL.:

http://ww. not. com SPS/ DSP/ t ool s/ ot her. ht m

A.l Bootstrap Code

; BOOTSTRAP OCCE FCR DSP56303 - (C) Copyright 1995 Mtorol a I nc.
: Revised June, 29 1995.

; Bootstrap through the Host Interface, External EPROMor SO.

; This is the Bootstrap programcontained in the DSP56303 192-word Boot
; ROM This program can | oad any program RAM segnent from an ext er nal
; EPROM fromthe Host Interface or fromthe SO serial interface.

; | MDMC MB: MA=1000, then the Boot ROMis bypassed and the DSP56303 wil |

; start fetching instructions begi nning with the address $8000 assum ng t hat
; an external nenory of SRAMtype is used. The accesses will be perforned

; using 31 wait states with no address attributes selected (default area).

L R T T I T O T T O T I T I T T O O T T T T I T T I O T T O R T T R T L T T O T I I T T S T T R T T N T T O B T N A

; If M2 MB:MA=001, then it |oads a program RAM segnent from consecutive

; byte-wide P nenmory locations, starting at P:$D00000 (bits 7-0).

; The menory is selected by the Address Attribute AAL and is accessed with
; 31 wait states.

; The EPROM boot strap code expects to read 3 bytes

; specifying the nunber of programwords, 3 bytes specifying the address
; to start |oading 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 foll owed by the

; md and then by the nmost significant byte.

; The programwords will be condensed into 24-bit words and stored in

; contiguous PRAM nenory | ocations starting at the specified starting

. address.

; After reading the programwords, programexecution starts fromthe same
; address where | oading started.
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L R T T T T T T T A T I T I T T O T T T T T T T T I T T O R T T A T I T O T I R T I R T T O T T T T T N B T I

; If M2 MB:MA=010, then it loads the program RAMfromthe SO interface.
; The nunber of programwords to be |oaded and the starting address nust
; be specified. The SO bootstrap code expects to receive 3 bytes

; specifying 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 followed by the
; md and then by the nost significant byte. After receiving the

; programwords, program execution starts in the same address where

; loading started. The SO is programred 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

; transmitter.

; | f MC MB:MA=100, then it |oads the program RAM fromthe Host
; Interface programmed to operate in the | SA node.
; The HOST | SA bootstrap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address

; to start loading the programwords and then a 24-bit word for each program
; word to be | oaded. The programwords will be stored in

; contiguous PRAM nmenory | ocations starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe same

; address where | oading started.

; The Host Interface bootstrap | oad program nay be stopped by

; setting the Host Flag O (HF0). This will start execution of the | oaded

; programfromthe specified starting address.

; If MG MB:MA=101, then it |oads the program RAM fromthe Host
; Interface programmed to operate in the HCL1 non nul tipl exed node.

; The HOST HCL1 bootstrap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address

; to start loading the programwords and then a 24-bit word for each program
; word to be | oaded. The programwords will be stored in

; contiguous PRAM nenory | ocations starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe same

; address where | oading started.

; The Host Interface bootstrap | oad program nay be stopped by

; setting the Host Flag O (HF0). This will start execution of the | oaded

; programfromthe specified starting address.

L R T T I T O T T T I T O I T O T O O T T T T T T T I T T R T T A T L T T O T I I T I R R N T T T T T N B T N

; If M2 MB:MA=110, then it |oads the program RAM fromthe Host

; Interface programmed to operate in the 8051 nultipl exed bus rnode,

; in doubl e-strobe pin configuration.

; The HOST 8051 bootstrap code expects accesses that are byte wi de.

; The HOST 8051 bootstrap code expects to read 3 bytes formng a 24-bit word
; specifying the nunber of programwords, 3 bytes formng a 24-bit word

; 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.
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After reading the programwords, programexecution starts fromthe sane
address where | oading started.
The Host Interface bootstrap | oad program nay be stopped by setting the
Host Flag O (HFO). This will start execution of the | oaded programfrom
the specified starting address.

The base address of the HO08 in multiplexed node is Ox80 and i s not nodified
by the bootstrap code. Al the address lines are enabl ed and shoul d be
connect ed accordingly.

LI T T T I T A T O T O T R T I T I I T O R T T A T R R T R T O R T R I T R A N IO T T R R S I T TS I B I

If M2 MB:MA=111, then it | oads the program RAMfromthe Host

Interface programmred to operate in the MX8302 bus node,

in single-strobe pin configuration.

The HOST MO68302 bootstrap code expects accesses that are byte wi de.

The HOST M068302 bootstrap code expects to read 3 bytes formng a 24-bit word
speci fying the nunber of programwords, 3 bytes formng a 24-bit word
specifying the address to start |oading the programwords and then 3 bytes
formng 24-bit words for each programword to be | oaded.

The programwords will be stored in contiguous PRAM nenory | ocati ons
starting at the specified starting address.

After reading the programwords, programexecution starts fromthe sane
address where | oading started.

The Host Interface bootstrap | oad program nay be stopped by setting the
Host Flag O (HFO). This will start execution of the |oaded programfrom
the specified starting address.

BOOT equ $D00000 ; this is the location in P menory

; on the external nenory bus
; where the external byte-wi de
: EPROM woul d be | ocat ed

AARV equ $D00409 ; AARL sel ects the EPRCM as CE~

; mapped as P from $D00000 to
; $DFFFFF, active | ow

MSSR EQU $FFFFO3 ; SO Status Register

MSTXL EQU $FFFF95 ; SA Transnmit Data Register (Iow
MSRXL EQU $FFFFO8 ; SO Receive Data Register (Iow
M SCCR EQU $FFFFOB ; SO dock Control Register
MSCR EQU $FFFFOC ; SO Control Register

MPCRE EQU $FFFFOF ; Port E Control register

M AARL EQU $FFFFF8 ; Address Attribute Register 1
MHPCR EQU $FFFFCA ; Host Polarity Control Register
MHSR EQU $FFFFC3 ; Host Status Register

MHX EQU $FFFFGS ; Host Recei ve Register

HRDF EQU $0 ; Host Receive Data Full

HFO EQU $3 ; Host Flag O

HEN EQU $6 ; Host Enabl e

@ MOTOROLA
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START
clr a #$0a, X0 ; clear a and load X0 with constant 0a0000
jclr #2, om,EPRSA LD ; |If MC MB: MA=Oxx, go |load from EPROM SO
jclr #1, onr, OWRLI SO ;| F M2 MB: MA=10x, go to |look for |SA/ HCL1 options
jclr #0, onr, | 8051HCSTLD, | f MC MB: MA=110, go | oad from 8051 Host
jnmp  MX%8302HCSTLD ; |f MC MB:MA=111, go load from MX%8302 Host
OWRLI SO

jset #0, onr, HC11HOSTLD ; If MC MB: MA=101, go load from HCL1 Host
; If MC MB:MA=100, go load from | SA HOST

; This is the routine which | oads a programthrough the H 08 host port

; The programis downl oaded fromthe host MU w th the follow ng scenario:

;1) 3 bytes - Define the program | ength.

; 2) 3 bytes - Define the address to which to start |oading the programto.

; 3) 3n bytes (while n is 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 | oading started.

; The host MCU nay termnate the | oading process by setting the H-1=0 and H-0=1.
; Wien the downl oading is terninated, the programw || start execution of the

; loaded programfromthe specified starting address.

; The H 08 boot ROM programenables the foll ow ng busses to downl oad prograns

; through the HO08 port:

; 1- 1SA - Dual strobes non-multiplexed bus with negative strobe

; pul ses dual positive request

; 2 - HC11 - Single strobe non-multiplexed bus with positive strobe

; pul se single negative request.

; 4 - 8051 - Dual strobes multiplexed bus with negative strobe pul ses

; dual negative request.
; 5 - M3X8302 - Single strobe non-multiplexed bus with negative strobe
; pul se single negative request.

| SAHCSTLD
novep #%©101000000011000, x: M HPCR
; Configure the follow ng conditions:

; HAP = 0 Negative host acknow edge

. HRP = 1 Positive host request

; HCSP = 0 Negative chip select input

; HH'HS = 1 Dual strobes bus (RD and WR strobes)
;. HMUX = 0 Non nultipl exed bus

; HASP = 0 (address strobe polarity has no

; meani ng in non-mul tipl exed bus)

; HDSP = 0 Negative data strobes polarity

; HRCD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to O for
; future conpatibility

;. HEN = 0 Wen the HPCR regi ster is nodified

: HEN shoul d be cl eared

;. HAEN = 0 Host acknow edge is disabl ed

;. HREN = 1 Host requests are enabl ed

; HCSEN = 1 Host chip sel ect input enabl ed

; HOEN = 0 (address 9 enable bit has no nmeaning in
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bra
HC11HOSTLD
novep

bra
| 8051HCSTLD
novep

bra
MX68302HCSTLD
novep

@ MOTOROLA

; non-mul ti pl exed bus)

; HMBEN = 0 (address 8 enable bit has no meaning in
; non-mul ti pl exed bus)
;. HGEN = 0 Host GPIO pins are disabled

<H 08CONT

#%)000001000011000 x: M HPCR
; Configure the follow ng conditions:

; HAP = 0 Negative host acknow edge

; HRP = 0 Negative host request

; HCSP = 0 Negative chip select input

; HH'HS = 0 Single strobe bus (R'W and DS strobes)
;. HMUX = 0 Non nultipl exed bus

; HASP = 0 (address strobe polarity has no neaning in
; non-rul ti pl exed bus)

; HDSP = 1 Positive data strobes polarity

;. HRCD = 0 Host request is active when enabl ed

; spare = 0 This bit should be set to 0 for future

; conpatibility

;. HEN = 0 Wen the HPCR regi ster is nodified HEN shoul d be
; cl eared

; HAEN = 0 Host acknow edge is disabl ed

; HREN = 1 Host requests are enabl ed

; HCSEN = 1 Host chip select input enabl ed

; HOEN = 0 (address 9 enable bit has no meaning in
; non-ul ti pl exed bus)

; HMBEN = 0 (address 8 enable bit has no nmeaning in
; non-ul ti pl exed bus)

;. HGEN = 0 Host GPIO pins are disabled

<H 08CONT

#%)001110000011110 x: M HPCR
; Configure the following conditions:

; HAP = 0 Negative host acknow edge

; HRP = 0 Negative host request

; HCSP = 0 Negative chip select input

; HH'HS =1 Dual strobes bus (RD and WR strobes)
; HVX = 1 Miltiplexed bus

; HASP = 1 Positive address strobe polarity

; HDSP 0 Negative data strobes polarity

;. HRCD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to O for future
; conpatibility

; HEN = 0 Wen the HPCR regi ster is nodified HEN

; shoul d be cl eared

; HAEN = 0 Host acknow edge is disabl ed
; HREN = 1 Host requests are enabl ed

; HCSEN = 1 Host chip select input enabl ed
; HOEN = 1 Enable address 9 input

; HABEN = 1 Enabl e address 8 i nput

;. HGEN = 0 Host GPIO pins are disabled
<H 08CONT

#99000000000111000, x: M HPCR
; Configure the follow ng conditions:
; HAP = 0 Negative host acknow edge

Bootstrap Program
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; HRP = 0 Negative host request
; HCSP = 0 Negative chip select input
; HHHHS = 0 Single strobe bus (R'W and DS strobes)
;. HVUX = 0 Non nul tipl exed bus
; HASP 0 (address strobe polarity has no neaning in
; non-ul ti pl exed bus)
; HDSP = 0 Negative data strobes polarity
;. HRCD = 0 Host request is active when enabl ed
; spare =0 This bit should be set to O for future
; conpatibility
; HEN = 0 Wen the HPCR regi ster is nodified HEN shoul d be
; cleared
; HAEN = 1 Host acknow edge is enabl ed
; HREN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip sel ect input enabl ed
; HOEN = 0 (address 9 enable bit has no nmeaning in
; non-ul ti pl exed bus)
; HMBEN = 0 (address 8 enable bit has no nmeaning in
; non-ul ti pl exed bus)
;. HGEN = 0 Host GPIO pins are disabled
H 08CONT
bset #HEN, x: M HPCR ; Enable the HO8 to operate as host
; interface (set HENF1)
jclr #HROF, x: M HSR, * ; wait for the programlength to be
; witten
novep x: M HRX a0
jclr #HRDF, x: M HSR, * ; wait for the programstarting address
: to be witten
novep X: MHRX r0
move ro,rl
do a0, H 08LOCP ; set a loop with the downl oaded | ength
; count's
H 08LL
j set #HRDF, x: M HSR H 08NW ; If new word was | oaded t hen
j unp
;to read that word
jclr #HFO, x: M HSR, H 08LL ; If HF0=0 then continue with
the
; downl oadi ng
enddo ; Mist terminate the do | oop
bra <H 08LQCP
H 08NW
novep x: M HRX p: (r0) + ; Move the newword into its destination
; location in the program RAM
H 08LOCP
bra <FI' NI SH
EPRSA LD
jclr #1, onr, EPROM.D ; I f MC MB: MA=001, go |oad from EPROM

: This is the routine that |oads fromthe SO.
;. MG MB: MA=010 - external SO cl ock

Sa Lb
novep #$0302, X M SCR ; Configure SO Control Reg
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_LooPs

_LooPs

_LocP?

novep #$Q000, X M SOCR ; Configure SO dock Control Reg

nmovep #7, X M_PCRE

do #6, LOOP6

jclr #2, X M SSR, *
nmovep X M SRXL, A2
jclr #1, X M SSR *
nmovep A2, XX M STXL
asr #8,a,a

nove al,r0
nove al,rl

do a0, LOCP7

do #3, _LOOP8

jclr #2, X M SSR, *
movep X M SRXL, A2
jclr #1, X M SSR *
novep a2, X M STXL
asr #8,a,a

novem al, p: (r0) +

bra <FI N SH

; Configure SCLK, TXD and RXD

; 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

; VWit for TDRE to go high
; echo the received byte

; starting address for |oad
; save starting address

; Recei ve program wor ds

; Wit for RORF to go high
: Put 8 bits in A2

; Wait for TDRE to go high
; echo the received byte

; Store 24-bit result in P nem

; Boot from SO done

; This is the routine that
. MCMB:

EPROMLD

_LOoPY

_LooP11

_LOCP10

| oads from external EPROM

MA=001

nove #BOOT, r 2 ; r2 = address of external EPRCM

novep #AARV, X M AARL ; aarl configured for SRAMtypes of access
do #6, LOCP9 ; read nunber of words and starting address
novem p: (r2) +, a2 ; Get the 8 LSB fromext. P mem

asr #8,a, a : Shift 8 bit data into Al

nove al,r0 ; starting address for |oad

nove al,rl :save it inrl

do a0, LQCP10
do #3, LOCP11
novem p: (r2) +, a2
asr #8,a,a

novem al, p: (r0) +

: a0 hol ds the nunber of words

; read program words

; Each instruction has 3 bytes

; Get the 8 LSB fromext. P mem
; Shift 8 bit data into Al

; G0 get another byte.

; Store 24-bit result in P nmem

; and go get another 24-bit word.
: Boot from EPRCM done

FI N SH

: This is the exit handl er that returns execution to nornal

@ MOTOROLA
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; expanded nmode and junps to the RESET vector.

andi #3$0, ccr ; Qear CCRas if RESET to 0.
jmp (rl) ; Then go to starting Prog addr.

; End of bootstrap code. Nunber of programwords: 91

fhkkkhkkkhkhkk Ak khhk kA hkk bk hkhkhkkhkhhkkhhkhkdkhkhkhhhhdkrdhhkhhhhhhhkhhkhdrhhrhdhkrkdhhdrrdhrhhxddhx
’

; EQUATES for 56303 I/Oregisters and ports

: Last update: June 11 1995

rhkhkkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhhkkhhkhhkhdhkhhkhkhhkhhhhhhkhhhhhhhhhhhkhhhhkddkdddkddddhkdkkkkkkx%
)

page 132,55,0,0,0
opt nmex

ioequ ident 1,0

A.2 Equates for I/O Port Programming

; EQUATES for |/0O Port Programm ng

; Regi st er Addresses

M HDR EQU $FFFFCO ; Host port GPIO data Register
MHDR EQU $FFFFC8 ; Host port GPlOdirection Register
MPCRC EQ $FFFFBF ; Port C Control Register
MPRRC EQU $FFFFBE ; Port C Drection Register
MPDRC EQ $FFFFBD ; Port C GPI O Data Register
MPCRD EQ $FFFFAF ; Port D Control register
MPRRD EQ $FFFFAE ; Port DDrection Data Register
MPDRD EQU $FFFFAD ; Port D GPlO Data Register
MPCRE EQ $FFFFOF ; Port E Control register
MPRRE EQ $FFFFOE ; Port E Drection Register
MPDRE EQU $FFFFOD ; Port E Data Register

MOEDB EQW $FFFFFC ; OnCE (DB Regi ster
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A.3 Host Interface (HIO8) Equates

EQUATES for Host Interface

: Regi st er Addresses

M HCR EQU $FFFFC2 ; Host Control Register

M HSR EQU $FFFFC3 ; Host Status Register

MHOR EQ $FFFFCA ; Host Polarity Control Register
MHBAR EQJ $FFFFCS ; Host Base Address Regi ster

M HRX EQJ $FFFFGS ; Host Recei ve Register

M HTX EQJ $FFFFCT ; Host Transmt Register

: HCR bits definition

MHIE EQ $0 ; Host Receive interrupts Enable
MHTTE EQJ $1 ; Host Transmit Interrupt Enable
MHJIE EQ $2 ; Host Command Interrupt Enable
M H-2 EQU $3 ; Host Flag 2

M H-3 EQU $4 ; Host Flag 3

; HSR bits definition

MHRDF EQU $0 ; Host Receive Data Full

MHTDE EQU $1 ; Host Receive Data Enpty

M HCP EQJ $2 ; Host Conmand Pendi ng

M H-0 EQU $3 ; Host Flag O

M H1 EQU $4 ; Host Flag 1

: HPCR bits definition

MHGEN EQ $0 : Host Port GPI O Enabl e

M HABEN EQU $1 ; Host Address 8 Enabl e

M HASEN EQU $2 ; Host Address 9 Enabl e

M HCSEN EQU $3 ; Host Chip Select Enable
MHREN EQ $4 ; Host Request Enabl e

M HAEN EQU $5 ; Host Acknowl edge Enabl e
MHEN EQU  $6 © Host Enabl e

M HOD EQU $8 ; Host Request (pen Drai n node
MHXSP EQ $9 ; Host Data Strobe Polarity
MHASP  EQU $A ; Host Address Strobe Polarity
MHWX EQU $B ; Host Miltipl exed bus sel ect
MHD HS EQJ $C ; Host Doubl e/ Single Strobe sel ect
MHCSP EQU $D ; Host Chip Select Polarity

M HRP EQU $E ; Host Request Polarity

M HAP EQU $F ; Host Acknow edge Polarity
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A.4 Serial Communications Interface (SCI) Equates
; EQUATES for Serial Communications Interface (SA)

: Regi st er Addresses

MSTXH EQ $FFFF97 :
MSTXM  EQU $FFFF96 :
MSTXL EQ $FFFF95 :
MSRH EQ $FFFF9A :
M SRM  EQU $FFFF99 :
MSRXL EQ $FFFF98 :
MSTXA EQ $FFFF94 :
MSOR EQ $FFFFOC :
MSSR EQ $FFFFO3 :
MSOOR EQU $FFFF9B :

Transmt Data Regi ster (high)
Transmt Data Register (nmiddle)
Transmt Data Register (low
Recei ve Data Regi ster (high)
Recei ve Data Register (mddle)
Recei ve Data Register (low
Transmt Address Regi ster
Control Register

Status Regi ster

d ock Control Register

BEBEEEE888

; SA Control Register Bit Flags

M WS EQU $7 ; Word Select Mask (WDSO- WDS3)
MWS0 EQ 0 ; Wrd Select O

MWSL EQ) 1 ; Word Select 1

MWS2 EQJ 2 ; Word Select 2

M SSFTD EQJ 3 ; SA Shift Direction

M SBK EQU 4 ; Send Break

MWKE EQJ 5 ; Wakeup Mode Sel ect

M R\ EQU 6 ; Recei ver Wkeup Enabl e

MWV EQU 7 ;. Wred-OR Mde Sel ect

MSCRE EQJ 8 : SO Receiver Enable

M SCTE EQJ 9 : SA Transmtter Enabl e
MILIE EQ 10 ; Idle Line Interrupt Enable
MSCRE EQ 11 ; SO Receive Interrupt Enable
MSCTIE EQ 12 ; SA Transnit Interrupt Enable
MTME EQ 13 ; Timer Interrupt Enable

MTIR EQU 14 ; Timer Interrupt Rate

MSCKP EQU 15 ; SO QAock Polarity

MREIE EQJ 16 ; SA Error Interrupt Enable (REIE

; SO Status Register Bit Flags

MTRNE EQJ 0 ; Transmtter Enpty

MTDRE EQJ 1 ; Transmt Data Register Enpty
MRDRF EQJ 2 ; Receive Data Register Full
MIDLE EQ 3 ; Idle Line Flag

M CR EQU 4 ; Overrun Error Flag

M PE EQU 5 ; Parity Error

M FE EQU 6 ; Framing Error Flag

MR8 EQU 7 ; Received Bit 8 (R8) Address

; SA Qdock Control Register

M CD EQU $FFF ; Aock Divider Mask (CDO-(CD11)
M QD EQU 12 : Qock Qut Divider

M SCP EQU 13 : dock Prescal er

M RCM EQU 14 : Recei ve dock Mde Source Bit
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Enhanced Synchronous Serial Interface (ESSI) Equates

M TCM EQU 15 ; Transmit dock Source Bit

A.5 Enhanced Synchronous Serial Interface (ESSI) Equates

; EQUATES for Synchronous Serial Interface (SSl)

; Regi ster Addresses O0f SSI 0

MTX00 EQU $FFFFBC ; SSI0 Transmt Data Register O
MTX01 EQU $FFFFBB ; SSIO Transmt Data Register 1
MTX02 EQ $FFFFBA ; SSIO Transmt Data Register 2
MTSRO EQU $FFFFBO ; SSI0O Tine Slot Register

M RX0 EQU $FFFFB3 ; SSI0 Receive Data Register

M SSI SR0O EQU $FFFFB7 ; SSI0 Status Register

MCRBO EQU $FFFFB6 ; SSI0 Control Register B

MCRAO EQU $FFFFB5 ; SSI0 Control Register A

MTSVAO EQ $FFFFB4 ; SSI0 Transmit S ot Mask Register A
MTSMBO EQJ $FFFFB3 ; SSI0 Transmit Slot Mask Register B
M RSVMAO EQU $FFFFB2 ; SSI0 Receive S ot Mask Register A
M RSMBO EQJ $FFFFBL ; SSI0 Receive S ot Mask Register B
; Regi ster Addresses O0f SSI1

MTX10 EQ $FFFFAC ; SSI1 Transmt Data Register 0
MTX11 EQ $FFFFAB ; SSI1 Transnit Data Register 1
MTX12 EQ $FFFFAA ; SSI1 Transmt Data Register 2
MTSRL EQU $FFFFAQ ; SSI1 Tinme Slot Register

M RX1 EQU $FFFFAS ; SSI1 Receive Data Register

M SSI SR1 EQU $FFFFA7 ; SSI1 Status Register

MCORBL EQ $FFFFAG ; SSI1 Control Register B

MCRAL EQU $FFFFAS ; SSI1 Control Register A

M TSVAL EQJ $FFFFA4A ; SSI1 Transmit S ot Mask Register A
MTSMBL EQJ $FFFFA3 ; SSI1 Transmit Sl ot Mask Register B
M RSVAL  EQU $FFFFA2 ; SSI1 Receive S ot Mask Register A
M RSMB1 EQJ $FFFFAL ; SSI1 Receive S ot Mask Register B

; SSI Control Register ABit Flags

M PM EQU $FF ; Prescal e Mbdul us Sel ect Mask (PMD-PVP)
M PSR EQU 11 ; Prescal er Range

M DC EQU $1F000 ; Frame Rate D vider Control Mask (DC0-DC7)
MALC EQU 18 ; Alignment Control (ALC

MW EQU $380000 ; Word Length Control Mask (WO-W.7)
MSSCL EQJ 22 ; Select SC1 as TR #0 drive enabl e (SSCl)

; SSI Control Register B Bit Flags

M CF EQU $3 ; Serial Qutput Flag Mask

M CFO EQU 0 ; Serial Qutput Flag O

M CF1 EQU 1 ; Serial Qutput Flag 1

M SCD EQU $1C ; Serial Control Drection Msk
M _SCC0 EQU 2 : Serial Control O Drection

M SCDL EQU 3 : Serial Control 1 Drection

M SC2 EQU 4 : Serial Control 2 Drection
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Enhanced Synchronous Serial Interface (ESSI) Equates

MSCKD EQU 5 ; Aock Source Direction

MSHD EQ 6 ; Shift Direction

M FSL EQU $180 ; Frame Sync Length Mask (FSLO-FSL1)
MFSLO EQJ 7 ; Frane Sync Length O

MFSL1 EQJ 8 ; Frane Sync Length 1

M FSR EQU 9 ; Frane Sync Relative Timng

M FSP EQUJ 10 ; Frane Sync Polarity

M CKP EQU 11 ; Aock Polarity

M SYN EQU 12 ;. Sync/ Async Cont rol

MMD  EQ 13 :
MSSTE EQ $10000 :
M SSTE2 EQU 14 :
M SSTEL EQU 15 :
M SSTEO EQU 16 :
MSSRE EQ 17 :
MSSTIE EQ 18 :
MSSRE EQ 19 :
MSTLIE EQ 20 :
MSRIE EQ 21 :
MSTEE EQ 22 :
MSREIE EQ 23 :

Mbde Sel ect

Transnit enabl e Mask

Transnmit #2 Enable

Transnmit #1 Enable

Transnit #0 Enabl e

Recei ve Enabl e

Transmt Interrupt Enable

Recei ve Interrupt Enabl e

Transmt Last S ot Interrupt Enable
Recei ve Last S ot Interrupt Enable
Transmt Error Interrupt Enable
Recei ve Error Interrupt Enable

BREBBBBBBBD B

; SSI Status Register Bit Flags

MIF EQU $3 ; Serial Input Flag Mask

M | FO EQU 0 ; Serial Input Flag O

MIF1 EQU 1 ; Serial Input Flag 1

M TFS EQUJ 2 ; Transmt Frane Sync Flag

M RFS EQU 3 ; Receive Frame Sync Fl ag

M TUE EQU 4 ; Transmtter Underrun Error FlLag
M RCE EQU 5 ; Receiver Qverrun Error Flag

M TDE EQU 6 ; Transmt Data Register Enpty

M RDF EQU 7 ; Receive Data Register Full

; SSI Transmit Slot Mask Register A

M SSTSA EQU $FFFF ; SSI Transnmit S ot Bits Mask A (TSO- TS15)
: SSI Transmt Sl ot Mask Register B

M SSTSB EQJ $FFFF ; SSI Transmt S ot Bits Mask B (TS16-TS31)
: SSI Receive S ot Mask Register A

M SSRSA EQU $FFFF ; SSI Receive Slot Bits Mask A (RSO- RS15)

; SSI Receive S ot Mask Register B

M SSRSB EQU $FFFF ; SSI Receive Slot Bits Mask B (RS16- RS31)
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Exception Processing Equates

A.6 Exception Processing Equates
; EQUATES for Exception Processi ng

: Regi st er Addresses

MIPRC EQ  S$FFFFFF
MIPRP EQ  S$FFFFFE

Interrupt Priority Register Core
Interrupt Priority Register Peripheral

; Interrupt Priority Register Core (I1PRO

MIAL  EQ $7
MIALO EQ 0

MIBLO EQ 3
MIBLL EQ 4
MIBL2 EQ 5
MICL  EQ $100
MICO EQ 6
MIOl EQ 7
MIO2 EQ 8
MIDL  EQ $E00
MIDLO EQ 9

MIDL2 EQ 11
MDOL  EQ $3000
MDOLO EQU 12
MDOLL EQU 13
MDIL  EQ $QD00
MDILO EQ 14
MDIL1 EQ 15
MD2L  EQ $30000
MD2LO EQ 16
MD2LL EQ 17
MDSL  EQ $CD000
MDBLO EQ 18
MDBLL EQ 19
MDIL  EQ $300000
MDILO EQ 20
MDILL  EQ 21
MDEL  EQU $CD0000
MD6LO  EQU 22
MD6L1  EQU 23

| RQA Mode
| RQA Mbde
| RQA Mbde
| RQA Mbde
| RB Mbde
| RB Mbde
| RB Mbde
| R@B Mode
| RQC Mode
| RQC Mode
| RQC Mode
| RQC Mode
| RQD Mode
| RQD Mbde

| RD Mode
| RD Mode

Mask

Interrupt Priority
Interrupt Priority
Tri gger Mode

Mask

Interrupt Priority
Interrupt Priority
Trigger Mode

Mask

Interrupt Priority
Interrupt Priority
Trigger Mode

Mask

Interrupt Priority
; (Iow)

Interrupt Priority
; (high)

Trigger Mode

DVAO Interrupt priority Level
DVAO Interrupt Priority Level
DVAO Interrupt Priority Level
DVAL Interrupt Priority Level
DVAL Interrupt Priority Level
DVAL Interrupt Priority Level
DVA2 Interrupt priority Level
DVA2 Interrupt Priority Level
DVA2 Interrupt Priority Level
DVA3 Interrupt Priority Level
DVA3 Interrupt Priority Level
DVA3 Interrupt Priority Level
DVM Interrupt priority Level
DVM Interrupt Priority Level
DVM Interrupt Priority Level
DVAS Interrupt priority Level
DVAS Interrupt Priority Level
DVAS Interrupt Priority Level

; Interrupt Priority Register Peripheral (IPRP)

@ MOTOROLA

Host Interrupt Priority Level
Host Interrupt Priority Level
Host Interrupt Priority Level
SSIO Interrupt Priority Level

Bootstrap Program

Level (Il ow
Level (high)

Level (Il ow
Level (high)

Level (Il ow
Level (high)

Level

Level

Mask
(low
(hi gh)
Mask
(low
(hi gh)
Mask
(low
(hi gh)
Mask
(low
(hi gh)
Mask
(low
(hi gh)
Mask
(low
(hi gh)

Mask
(low
(hi gh)
Mask
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Timer Module Equates

M SOLO EQU 2 ; SSIO Interrupt Priority Level (1ow
MSOL1T EQU 3 ; SSIO Interrupt Priority Level (high)
M S1L EQU $30 ; SSI1 Interrupt Priority Level Mask
MSILO EQJ 4 ; SSI1 Interrupt Priority Level (low
MSIL1 EQ 5 ; SSI1 Interrupt Priority Level (high)
M SCL EQU $Q0 ; SA Interrupt Priority Level Mask
MSCL0O EQ 6 ; SO Interrupt Priority Level (low
MSCO1l EQ 7 ; SA Interrupt Priority Level (high)
M TOL EQU $300 ; TIMER Interrupt Priority Level Mask
MTOLO EQJ 8 ; TIMER Interrupt Priority Level (Iow)
MTOLLT EQJ 9 ; TIMER Interrupt Priority Level (high)

A.7 Timer Module Equates

; EQUATES for TI MER

; Regi ster Addresses O TI MERO

MTCSRO EQJ $FFFF8F ; TIMERO Control/ Status Register
M TLRO EQU $FFFF8E ; TIMERO Load Reg
MTCPRO EQJ $FFFF8D ; TIMERO Conpare Regi ster
M TCRO EQU $FFFF8C ; TIMERO Count Regi ster

: Regi ster Addresses O TI MERL

MTCSRL EQJ $FFFF8B ; TIMERL Control / Status Register
M TLRL EQU $FFFFBA ; TIMERL Load Reg
MTCPRL EQJ $FFFF89 ; TIMERL Conpare Regi ster
M TCRL EQU $FFFF88 ; TIMERL Count Regi ster

; Regi ster Addresses O TI MER2

MTCSR2 EQJ $FFFF87 ; TIMER2 Control/ Status Register

M TLR2 EQU $FFFF86 ; TIMER2 Load Reg

MTCPR2 EQU $FFFF85 ; TIMER2 Conpare Regi ster

M TCR2 EQU $FFFF84 ; TIMER2 Count Register

M TPLR EQU $FFFF83 ; TIMER Prescal er Load Regi ster
M TPCR EQU $FFFF82 ; TIMER Prescal er Count Register

; Timer Control/Status Register Bit Flags

M TE EQU 0 ; Tinmer Enable

MTAOE EQ 1 ; Timer Overflow Interrupt Enable
MTAE EQ 2 ; Timer Conpare Interrupt Enable
MTC EQU $F0 ; Timer Control Mask T((3:0)

M I NV EQU 8 ; Inverter Bit

M TRM EQU 9 ; Tinmer Restart Mode

MD R EQU 11 : Drection Bit

M DI EQU 12 ; Data Input

M DO EQU 13 ; Data Qutput

M PCE EQU 15 : Prescal ed d ock Enabl e
M TCF EQU 20 ; Timer Overflow Fl ag

M TCF EQUJ 21 ; Timer Conpare Flag
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Direct Memory Access (DMA) Equates

M PS
M PSO
M PS1

M TQ0
M TCL
M TC2
M TC3

Timer Prescaler Register Bit Flags

EQU $600000 ; Prescal er Source Mask

EQU 21
EQU 22
Timer Control Bits
EQU 4 ; Tiner
EQU 5 ; Tiner
EQU 6 ;. Tiner
EQU 7 ; Tinmer

Contr ol
Contr ol
Contr ol
Contr ol

wnN - O

A.8 Direct Memory Access (DMA) Equates

EQUATES for Direct Menmory Access (DWA)

M DSRO
M DDRO
M DOCD
M _DORO

M DSRL
M DDRL
M DOCL
M DORL

M DSR2
M DDR2
M DOCR
M DOR2

M DSR3
M DDR3
M DOO8

Regi ster Addresses O DVA

$FFFFF4 ; DMA St
; DMA (OFfset Register O

; DMA (OFfset Register 1

; DMA (OFfset Register 2

; DVMA (OFfset Register 3

EQU

EQJ
EQJ
EQJ
EQJ

Regi st er
EQU
EQU
EQU
EQU

Regi st er

Regi st er

EQJ
EQJ
EQJ

@ MOTOROLA

$FFFFF3

$FFFFF2
$FFFFFL
$FFFFFO

Addr esses

SFFFFEF
SFFFFEE
$FFFFED
$FFFFEC

Addr esses

$FFFFEB
SFFFFEA
$FFFFED
$FFFFES

Addr esses

SFFFFE7
$FFFFES
$FFFFES
SFFFFE4

Addr esses
$FFFFE3

SFFFFE2
$FFFFEL

d DVAO

; DVAL

a DvA2

atus Register

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Control Register

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Gontrol Regi ster

; DMA2 Source Address Register

; DVA2

Destination Address Regi ster

; DNMA2 Count er
; DMA2 Control Register

G Dvimd
;. DVA3

;. DVA3
;. DVA3

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Bootstrap Program
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Direct Memory Access (DMA) Equates

M DOR3

M DSR4
M DDR4
M DCO4
M DCR4

M DSR5
M DDRS
M DOCB
M DORS

M DSS

M DSSO
M DSS1
M DDS

M DDSO
M DDS1
M DAM

M DAMD
M DAML
M DAMR
M DANB
M DAMY
M DANG
M D3D
M DRS
M DOON
M DPR
M DPRO
M DPRL
M DTM

M DTMD
M DTML
M DTMR
MD E
M DE

M DTD
M DTDO
M DTDL
M DTD2
M DTD8

A-16

EQU  $FFFFED

; DMA3 Gontrol Register

Regi ster Addresses O DvM

EQU  $FFFFDF
EQU  S$FFFFDE
EQU  $FFFFDD
EQU  $FFFFDC

; DMM Source Address Register

; DMM Destination Address Register
;. DvM Count er

; DMM Qontrol Register

Regi ster Addresses O DVAS

EQU  S$FFFFDB
EQU  $FFFFDA
EQU  $FFFFDO
EQU  $FFFFDB

DVA Gontrol Register

EQU  $3

© 0o ~NO O b

10
$F800
16
$60000
17

18
$380000

19
20
21
EQU 22

EQU 23

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DVA Status Register

EQU $3F
EQU 0
EQU 1
EQU 2
EQU 3

; DMA5 Source Address Register

; DMA5 Destination Address Register
;. DVA5 Count er

; DMA5 Control Register

DVA Source Space Mask

(DSSO- Dss1)

DVA Source Menory space 0

DVA Source Menory space 1

DVA Destination Space Mask

( DDs- DDS1)

DVA Destination Menory Space O
DVA Destination Menory Space 1
DVA Address Mbde Mask

DVA Address Mode
DVA Address Mode
DVA Address Mode
DVA Address Mode
DVA Address Mode
DVA Address Mode
DVA Three D nensi onal Mbde

abhwdNPEFELO

DVA Request Sour ce Mask (DRSO- DRHA)

DVA Conti nuous Mode
DVA Channel Priority

DVA Channel Priority Level (low
DVA Channel Priority Level (high)

DMA Transfer Mode Mask

; (DT\MVR- DTMWD)

: Channel

DVA Channel
DVA Channel
DVA Channel
DVA Channel

DVA Transfer Mde 0

DVA Transfer Mde 1

DVA Transfer Mde 2

DVA Interrupt Enable bit
DVA Channel Enable bit

Transfer Done Status 0O
Transfer Done Status 1
Transfer Done Status 2
Transfer Done Status 3

DSP56303 User’'s Manual
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Phase Locked Loop (PLL) equates

M DTD4
M DTD6
M DACT
M DCH

EQU
EQU

4
5
EQU 8
EQU $E00
EQU 9
EQU 10
EQU 11

; DMA Channel Transfer Done Status 4
; DMA Channel Transfer Done Status 5
: DVA Active State
;. DVA Active Channel Mask
( DCHODCOHR)
: DVA Active Channel 0O
: DVA Active Channel 1
: DVA Active Channel 2

A.9 Phase Locked Loop (PLL) equates

EQUATES for Phase Locked Loop (PLL)

M MF

M DF
M XTLR
M XTLD
M PSTP
M PEN

M PD

Regi ster Addresses O PLL

EQJ

$FFFFFD

PLL Gontrol Register

EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ

$FFF
$7000
15
16
17
18
19
EQU  $FO0000

@ MOTOROLA

; PLL Control Register

; Miultiplication Factor Bits Mask (MFO- MF11)
; Division Factor Bits Mask (DFO-DF2)
; XTAL Range sel ect bit
: XTAL D sable Bit
; STCP Processing State Bit
: PLL Enable Bit
; PLL Qock Qutput Disable Bit
; PreDivider Factor Bits Mask (PDO-PD3)
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Bus Interface Unit (BIU) Equates

A.10 Bus Interface Unit (BIU) Equates

: EQUATES for Bl U

: Regi ster Addresses O Bl U

M BCR EQU $FFFFFB ; Bus Control Register

M DCR EQU $FFFFFA ; DRAM Control Regi ster

MAARD EQU $FFFFF9 ; Address Attribute Register O

MAARL EQU $FFFFF8 ; Address Attribute Register 1

MAAR2 EQJ $FFFFF7 ; Address Attribute Register 2

MAAR3 EQ $FFFFF6 ; Address Attribute Register 3

M I DR EQU $FFFFF5 ;1 D Regi ster

: Bus Gontrol Register

M BAOW EQU $1F ; Area 0 Wit Control Mask (BAOVD- BAOW)

M BAIW EQ $3E0 ; Area 1 Wit Control Mask (BALVD- BA14)

M BA2W  EQJ $1C00 ; Area 2 Vit Control Mask (BA2VD- BA2V2)

M BA3W EQJ $EO000 ; Area 3 Vit Control Mask (BA3WD- BA3VB)

M BDFW EQJ $1F0000 ; Default Area WAit Control Mask (BDRVO- BDRWM)

M BBS EQJ 21 ; Bus State

M BLH EQU 22 ; Bus Lock Hold

M BRH EQU 23 ; Bus Request Hol d

: DRAM Control Register

MBCW  EQ $3 ; In Page Vit States Bits Mask (BOMN-BOM)

MBRW  EQ $C ; Qut O Page Wait States Bits Mask ( BRAD- BRAM)

M BPS EQU $300 ; DRAM Page Size Bits Mask (BPS0-BPS1)

MBPLE EQJ 11 ; Page Logi c Enabl e

M BME EQU 12 ; Mastership Enabl e

M BRE EQU 13 ; Refresh Enabl e

MBSTR EQJ 14 ; Software Triggered Refresh

M BRF EQU $7F8000 ; Refresh Rate Bits Mask (BRFO- BRF7)

M BRP EQU 23 ; Refresh prescal er

: Address Attribute Registers

M BAT EQU $3 ; External Access Type and Pin Definition Bits
; Mask BAT(1: 0)

M BAAP  EQU 2 ; Address Attribute Pin Polarity

M BPEN EQJ 3 ; Program Space Enabl e

MBXEN EQJ 4 ; X Data Space Enabl e

MBYEN EQ 5 ; Y Data Space Enabl e

M BAM EQU 6 ; Address Mixing

M BPAC EQU 7 ; Packi ng Enabl e

M BNC EQU $F00 ; Nunber of Address Bits to Conpare Mask

M BAC EQU $FFFO00 ; Address to Conpare Bits Mask BAQ(11:0)

: control and status bits in SR

M CP EQU $c00000 ; mask for CORE-DVA priority bits in SR
MCA  EQU 0 ; Carry
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Bus Interface Unit (BIU) Equates

MV
M Z

M N

M U
ME

M L

M S
M0
M1
M SO
M S1
M SC
M DM
M LF
M FV
M SA
M CE
M SM
M RM
M CPO
M CP1

M CDP
M MA
M MB
M MC
M MD

M EBD
M SD
M MBS
M _CDPO
M CDP1
M BEN
M TAS
M BRT
M ATE
M XYS
M EUN
M EOV
M WRP
M SEN

@ MOTOROLA

control

EQU
EQD

EQU
EQU
EQU
EQU
EQU
EQU

©CoO~NOODWNPE

22

and status bits in

$300
4
6
7
8
9
10
11
12
15
16
17
18
19
20

Overfl ow

Zero

Negat i ve

Unnor nal i zed

Ext ensi on

Limt

Scaling Bit

Interrupt Mask Bit O
Interrupt Mask Bit 1
Scaling Mdde Bit O
Scaling Mde Bit 1
Sixteen Bit Compatibility
Doubl e Precision Miltiply
DO Loop Fl ag

DG Forever Fl ag
Sixteen-Bit Arithnetic

I nstructi on Cache Enabl e
Arithnetic Saturation
Roundi ng Mode

; bit O of priority bits in SR
bit 1 of priority bits in SR

OWR

; mask for CORE-DVA priority bits in OWR
; Qperating Mode A
; Qperating Mde B
; Qperating Mde C
; Qperating Mde D
: External Bus Disable bit in OWR
; Stop Del ay
; Menory Switch bit in OWR
; bit O of priority bits in OWR
; bit 1 of priority bits in OWR
; Burst Enable
; TA Synchroni ze Sel ect
; Bus Rel ease Timng
Address Tracing Enable bit in OQWR
Stack Extension space select bit in OWR
Ext ended stack UNderflow flag in QWR
Ext ended stack Overflow flag in OWR
Ext ended WRaP flag in OWR
Stack Extension Enable bit in OWR

Bootstrap Program A-19



Interrupt Equates

A.11 Interrupt Equates

I NTERRUPT EQUATES

rhkhkkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhkhdhkhkhkhkhhkhhhhhhkhhhkhhhhhhhhdhkdhddkhdkrkhx*x

: EQUATES for 56303 interrupts

: Last update: June 11 1995

IR RS E SRR S R RS EEEEEEEEEEEEEEEEEEEE R EEEEEEEEEREEEEEEE RS

page 132,55,0,0,0
opt nmex
intequ ident 1,0
i f @EF(1 _VEQ
;| eave user definition as is.
el se
| _VEC EQU $0
endi f

| RESET EQU
| _STAK EQ
| ILL  EQ
| DBG EQ
|_TRAP EQ
I _NM EQU

| IRA EQ
| IRB EQ
| IRC EQ
| IRD EQ

| DM EQ
| DML EQU
| DM EQU
| DMA3  EQU
| DM EQU
| DM5  EQU

_TIMLCF EQU

|
[
|_TIMC EQ
[
| _TINC EQU

A-20

_VEG+$00
_VEG+$02
_VEG+$04
_VEC+$06
_VEC+$08
_VEC+$0A

_VEC+$10
_VECH$12
_VEC+$14
_VEC+$16

_VEC+$18
_VEC+$1A
_VEG+$1C
_VEG+$1E
_VEG+$20
_VEG+$22

_VEC+$24
_VEC+$26
_VEC+$28
_VEC+$2A
_VEG+$2C

Har dwar e RESET

Stack Error

Illegal Instruction
Debug Request

Trap

Non Maskabl e | nt errupt

DVA Channel 0
DVA Channel 1
DVA Channel 2
DVA Channel 3
DVA Channel 4
DVA Channel 5

TI MER O conpare
TI MER O overfl ow
TIMER 1 conpare
TIMER 1 overfl ow
TI MER 2 conpar e

DSP56303 User’'s Manual
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Interrupt Equates

| _TIMCF EQU | _VEGH2E

TI MER 2 overfl ow

| SIORD EQU | _VEG+$30
| SIORDE EQU | VEG+$32
| SIORLS EQU | VEG+$34
| SI0OTD EQU | _VEG+$36
| _SIOTDE EQU | _VEG+$38
| _SIOTLS EQU | _VEG+$3A
| SIIRD EQU | _VEG+$40
| _SIIRDE EQU | _VEG+$42
| SIIRLS EQU | _VEG+$44
| SI1TD EQU | _VEGH$46
| _SI1TDE EQU | VEG+$48
| _SI1TLS EQU | _VEGH$4A

Recei ve Data

Recei ve Data Wth Exception Status
Recei ve | ast sl ot

Transnmt data

Transmt Data Wth Exception Status
Transmt |ast slot

Recei ve Data

Recei ve Data Wth Exception Status
Recei ve | ast sl ot

Transmt data

Transmt Data Wth Exception Status
Transmt | ast slot

Recei ve Data
Recei ve Data Wth Exception Status

| SORD EQU | _VEG+$50
| SORDE EQU | _VEGH$52
| SOTD EQU | _VEG+$54
| SOIL EQU | _VEGH$56
| SOTM EQU | _VEC+$58

Idle Line
Ti ner

sa
sa
SA Transnit Data
sa
sa

: Host Receive Data Full
; Host Transmt Data Enpty
; Default Host Command

| HROF  EQU | VEC+$60
| HTDE EQ | VEC+$62
| _HC EQ | VEC+$64

| _INTEND EQU | _VEGHSFF
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| ast address of interrupt vector space
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Appendix B
Programming Reference

This reference for programmers includes a table showing the addresses of all DSP
memory-mapped peripherals, an exception priority table, and programming sheets for the
major programmable DSP registers. 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. Y ou can photocopy these sheets and reuse them for each application
development project. For details on the instruction set of the DSP56300 family of DSPs, see
the DSP56300 Family Manual.

m TableB-2, Internal I/0 Memory Map (X Data Memory), on page B-3 lists the
memory addresses of all on-chip peripherals.

m TableB-3, Interrupt Sources, on page B-8 lists the interrupt starting addresses and
SOUrces.

m TableB-4, Interrupt Source Priorities Within an IPL, on page B-10 lists the priorities
of specific interrupts within interrupt priority levels.

m The programming sheets appear in this manual asfigures (listed in Table B-1); they
show the major programmable registers on the DSP56303.
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Table B-1. Guide to Programming Sheets

Module Programming Sheet Page
Central Figure B-1, "Status Register (SR)" page 12
Processor Figure B-2, "Operating Mode Register (OMR)" page 13
IPR Figure B-3, "Interrupt Priority Register-Core (IPRC)" page 14
Figure B-4, "Interrupt Priority Register-Peripherals (IPRP)" page 15
PLL Figure B-5, "Phase-Locked Loop Control Register (PCTL)" page 16
BIU Figure B-6, "Bus Control Register (BCR)" page 17
Figure B-7, "DRAM Control Register (DCR)" page 18
Figure B-8, "Address Attribute Registers (AAR[3-0])" page 19
DMA Figure B-9, "DMA Control Registers 5-0 (DCR[5-0])" page 20
HI08 Figure B-10, "Host Transmit Data Register" page 21
Figure B-11, "Host Base Address and Host Port Control Registers" page 22
Figure B-12, "Host Control Register" page 23
Figure B-13, "Interrupt Control and Command Vector Registers"” page 24
Figure B-14, "Interrupt Vector and Host Transmit Data Registers" page 25
ESSI Figure B-15, "ESSI Control Register A (CRA)" page 26
Figure B-16, "ESSI Control Register B (CRB)" page 27
Figure B-17, "ESSI Transmit and Receive Slot Mask Registers (TSM, RSM)" page 28
SCI Figure B-18, "SCI Control Register (SCR)" page 29
Figure B-19, "SCI Clock Control Registers (SCCR)" page 30
Timers Figure B-20, "Timer Prescaler Load Register (TPLR)" page 31
Figure B-21, "Timer Control/Status Register (TCSR)" page 32
Figure B-22, "Timer Load Registers (TLR)" page 33
GPIO Figure B-23, "Host Data Direction and Host Data Registers (HDDR, HDR)" page 34
Figure B-24, "Port C Registers (PCRC, PRRC, PDRC)" page 35
Figure B-25, "Port D Registers (PCRD, PRRD, PDRD)" page 36
Figure B-26, "Port E Registers (PCRE, PRRE, PDRE)" page 37
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Internal 1/O Memory Map

B.1 Internal /O Memory Map

Table B-2. Internal /O Memory Map (X Data Memory)

Peripheral 16-Bit Address 24-Bit Address Register Name

IPR $FFFF $FFFFFF Interrupt Priority Register Core (IPRC)
$FFFE $FFFFFE Interrupt Priority Register Peripheral (IPRP)

PLL $FFFD $FFFFFD PLL Control Register (PCTL)

OnCE $FFFC $FFFFFC OnCE 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 (DORO)
$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 (DSRO)
$FFEE $FFFFEE DMA Destination Address Register (DDRO)
$FFED $FFFFED DMA Counter (DCOO0)
$FFEC $FFFFEC DMA Control Register (DCRO)

DMA1 $FFEB $FFFFEB DMA Source Address Register (DSR1)
$FFEA $FFFFEA DMA Destination Address Register (DDR1)
$FFE9 $FFFFE9S DMA Counter (DCOL1)
$FFE8 $FFFFES8 DMA Control Register (DCR1)

DMA2 $FFE7 $FFFFE7 DMA Source Address Register (DSR2)
$FFE6 $FFFFEG DMA Destination Address Register (DDR2)
$FFES $FFFFE5 DMA Counter (DCO2)
$FFE4 $FFFFE4 DMA Control Register (DCR2)
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Internal I/O Memory Map

Table B-2. Internal I/O Memory Map (Continued)(X Data Memory)

Peripheral 16-Bit Address 24-Bit Address Register Name

DMA3 $FFE3 $FFFFE3 DMA Source Address Register (DSR3)
$FFE2 $FFFFE2 DMA Destination Address Register (DDR3)
$FFE1 $FFFFE1 DMA Counter (DCO3)
$FFEOQ $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)

DMA5 $FFDB $FFFFDB DMA Source Address Register (DSR5)
$FFDA $FFFFDA DMA Destination Address Register (DDRS5)
$FFD9 $FFFFD9 DMA Counter (DCO5)
$FFD8 $FFFFD8 DMA Control Register (DCR5)
$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

Port B $FFC9 $FFFFC9 Host Port GPIO Data Register (HDR)
$FFC8 $FFFFC8 Host Port GPIO Direction Register (HDDR)
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Internal 1/O Memory Map

Table B-2. Internal I/O Memory Map (Continued)(X Data Memory)

Peripheral 16-Bit Address 24-Bit Address Register Name
HI08 $FFC7 $FFFFC7 Host Transmit Register (HTX)
$FFC6 $FFFFC6 Host Receive Register (HRX)
$FFC5 $FFFFC5 Host Base Address Register (HBAR)
$FFC4 $FFFFC4 Host Port Control Register (HPCR)
$FFC3 $FFFFC3 Host Status Register (HSR)
$FFC2 $FFFFC2 Host Control Register (HCR)
$FFC1 $FFFFC1 Reserved
$FFCO $FFFFCO Reserved
Port C $FFBF $FFFFBF Port C Control Register (PCRC)
$FFBE $FFFFBE Port C Direction Register (PRRC)
$FFBD $FFFFBD Port C GPIO Data Register (PDRC)
ESSI 0 $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 (TSRO0)
$FFB8 $FFFFB8 ESSI 0 Receive Data Register (RX0)
$FFB7 $FFFFB7 ESSI 0 Status Register (SSISRO)
$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 (RSMAO)
$FFB1 $FFFFB1 ESSI 0 Receive Slot Mask Register B (RSMBO)
$FFBO $FFFFBO Reserved
Port D $FFAF $FFFFAF Port D Control Register (PCRD)
$FFAE $FFFFAE Port D Direction Register (PRRD)
$FFAD $FFFFAD Port D GPIO Data Register (PDRD)
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Internal I/O Memory Map

Table B-2. Internal I/O Memory Map (Continued)(X Data Memory)

Peripheral 16-Bit Address 24-Bit Address Register Name
ESSI 1 $FFAC $FFFFAC ESSI 1 Transmit Data Register 0 (TX10)

$FFAB $FFFFAB ESSI 1 Transmit Data Register 1 (TX11)

$FFAA $FFFFAA ESSI 1 Transmit Data Register 2 (TX12)

$FFA9 $FFFFA9 ESSI 1 Time Slot Register (TSR1)

$FFA8 $FFFFA8 ESSI 1 Receive Data Register (RX1)

$FFA7 $FFFFA7 ESSI 1 Status Register (SSISR1)

$FFAG $FFFFAG ESSI 1 Control Register B (CRB1)

$FFAS $FFFFA5S ESSI 1 Control Register A (CRAL)

$FFA4 $FFFFA4 ESSI 1 Transmit Slot Mask Register A
(TSMA1L)

$FFA3 $FFFFA3 ESSI 1 Transmit Slot Mask Register B
(TSMB1)

$FFA2 $FFFFA2 ESSI 1 Receive Slot Mask Register A (RSMA1)

$FFAL $FFFFAL ESSI 1 Receive Slot Mask Register B (RSMB1)

$FFAO $FFFFAQ Reserved

Port E $FFIOF $FFFFIF Port E Control Register (PCRE)
$FFOE $FFFFOE Port E Direction Register (PRRE)
$FFID $FFFFOD Port E GPIO Data Register (PDRE)
SClI $FFOC $FFFFOC SCI Control Register (SCR)

$FFIB $FFFF9B SCI Clock Control Register (SCCR)

$FF9A $FFFF9A SCI Receive Data Register—High (SRXH)

$FF99 $FFFF99 SCI Receive Data Register—Middle (SRXM)

$FF98 $FFFF98 SCI Receive 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)

$FFI3 $FFFF93 SCI Status Register (SSR)

$FF92 $FFFF92 Reserved

$FFI1 $FFFFI1 Reserved

$FF90 $FFFF90 Reserved
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Internal 1/O Memory Map

Table B-2. Internal I/O Memory Map (Continued)(X Data Memory)

Peripheral 16-Bit Address 24-Bit Address Register Name

Triple Timer $FF8F $FFFF8F Timer 0 Control/Status Register (TCSRO0)
$FF8E $FFFF8E Timer O 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)
$FF8A $FFFF8A 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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Interrupt Sources and Priorities

B.2 Interrupt Sources and Priorities

Table B-3. Interrupt Sources

Interrupt
Starting Address

Interrupt
Priority
Level Range

Interrupt Source

VBA:$00 3 Hardware RESET
VBA:$02 3 Stack Error

VBA:$04 3 lllegal Instruction
VBA:$06 3 Debug Request Interrupt
VBA:$08 3 Trap

VBA:$0A 3 Non-Maskable Interrupt (NMI)
VBA:$0C 3 Reserved

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 ESSIO 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
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Interrupt Sources and Priorities

Table B-3. Interrupt Sources (Continued)

Interrupt Ir|:]>tr(i3(;rrlijt§)/t Interrupt Source
Starting Address Level Range

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 SCl 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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Interrupt Sources and Priorities

Table B-4. Interrupt Source Priorities Within an IPL

Priority Interrupt Source
Level 3 (Nonmaskable)
Highest Hardware RESET
Stack Error
lllegal Instruction
Debug Request Interrupt
Trap
Lowest Non-Maskable Interrupt
Levels 0, 1, 2 (Maskable)
Highest IRQA (External Interrupt)

IRQB (External Interrupt)

IRQC (External Interrupt)

IRQD (External Interrupt)

DMA Channel O 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

ESSIO RX Data Interrupt

ESSIO Receive Last Slot Interrupt

ESSIO 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
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Interrupt Sources and Priorities

Table B-4. Interrupt Source Priorities Within an IPL (Continued)

Priority

Interrupt Source

ESSI1 Transmit Last Slot Interrupt

ESSI1 TX Data Interrupt

SCI Receive Data With Exception Interrupt

Lowest

SCI Receive Data

Highest

SCI Transmit Data

SCI Idle Line

SCI Timer

Timer0 Overflow Interrupt

Timer0 Compare Interrupt

Timerl Overflow Interrupt

Timerl Compare Interrupt

Timer2 Overflow Interrupt

Lowest

Timer2 Compare Interrupt
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Programming Sheets

B.3 Programming Sheets

Application: Date:
Programmer:
Sheet 1 of 2
Carry
|Central Processor| overow
Zero
Negative
Unnormalized (U = Acc(47) xnor Acc(46) )
Extension
Limit
FFT Scaling (S = Acc(46) xor Acc(45) )
Interrupt Mask
1(1:0) Exceptions Masked
00 None
01 IPLO
Scaling Mode 10 IPLO, 1
S(1:0) Scaling Mode 11 IPLO, 1,2
00 No scaling
01 Scale down
10 Scale up
11 Reserved
Sixteen-Bit Compatibilitity
Double Precision Multiply Mode
Loop Flag
DO-Forever Flag
Sixteen-Bit Arithmetic
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
,—Hl Y Y VY VY Y — Y Y Y XYY Y YV
23 22 21 20,19 18 17 1615 14 13 12,11 10 9 7 6 5 4,3 2 1 0
CP1|CPO| RM | SM CE * SA | FV | LF | DM SC * S1 SO 11 10 S L E U N z \ C
0 0
— o N o N . __
Extended Mode Register (EMR) Mode Register (MR) Condition Code Register (CCR)
Status Register (SR) Read/Write
Reset = $C00300 *= Reserved, Program as 0
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Programming Sheets

Application: Date:
Programmer:
Sheet 2 of 2
Central Processor
MOD(D:A) | Mode | Reset Vector Description
0000 0 $C00000 |Expanded mode
0001 1 $FFO000 | Bootstrap from byte-wide memory
0010 2 $FFO000 | Bootstrap through SCI
0011 3 — Reserved
0100 4 $FF0O000 | Bootstrap from ISA host
0101 5 $FFO000 |Bootstrap from HC11 host
0110 6 $FFO000 | Bootstrap from 8051 host
0111 7 $FFO000 | Bootstrap from MC68302 host
1000 8 $008000 | Expanded mode
1001 9 $FFO000 | Bootstrap from byte-wide memory
1010 A $FFO000 | Bootstrap through SCI
1011 B $FFO000 | Bootstrap through SCI
1100 C $FFO000 | Bootstrap from ISA host
1101 D $FFO000 | Bootstrap from HC11 host
1110 E $FFO000 | Bootstrap from 8051 host
1111 F $FFO000 | Bootstrap from MC68302 host

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
Asynchronous Bus Arbitration Enable —
Address Attribute Priority Disable
Address Trace Enable

Stack Extension XY Select ——

Extended Stack Underflow Fla
Extended Stack Overflow Fla
Extended Stack Wrap Flag
Stack Extension Enable
l Y
Y VYV Yy Yoy y

Y
— Y Y y ——
23 22 21 2019 18 17 16,415 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
o [ % [ % [sen|wre[eov [eunTxvs [ app] aBe xvsTerT [ Tas] B [copilcoro] Ms [ sp | ye[E8D[ MD [mc [me | ma
0]0|0 0
~— I N I~ N

System Stack Control Extended Chip Operating
Status Register (SCS) Mode Register (EOM)

Operating Mode Register (OMR) Read/Write
Reset = $00030X; X = latched from levels on Mode pins

Chip Operating Mode
Register (COM)

* = Reserved, Program as 0

Figure B-2. Operating Mode Register (OMR)
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Programming Sheets

Application: Date:
Programmer:
Sheet 1 of 2
DMAS IPL —_
D5L1 | D5LO Enabled IPL IRQD Mode
0 0 No — IDL2 Trigger IDL1 IDLO Enabled IPL
0 1 Yes 0 0 Level 0 0 No —
1 0 Yes 1 1 Neg. Edge 0 1 Yes 0
1 1 Yes 2 1 0 Yes 1
1 1 Yes 2
DMA4 IPL
D4L1 | D4LO Enabled IPL —_—
o o No — IRQC Mode
0 1 Yes 0 ICL2 Trigger ICL1 ICLO Enabled IPL
1 0 Yes 1 | 0 Level 0 0 No —
1 1 Yes 2 1 Neg. Edge 0 1 Yes 0
1 0 Yes 1
DMAS IPL 1 1 Yes 2
D3L1 | D3LO Enabled IPL
0 0 No —
0 1 Yes 0 IRQB Mode
1 0 Yes 1 BL2 Trigger BLL | IBLO | Enabled 1PL
1 L Yes 2 | 0 Level 0 0 No —
DMA2 IPL 1 Neg. Edge 0 1 Yes 0
1 0 Yes 1
D2L1 | D2LO Enabled IPL 1 1 Ves )
0 0 No —
0 1 Yes 0
! 0 ves ! IRQA Mode
1 1 Yes 2
IAL2 Trigger IAL1 IALO Enabled IPL
DMAL1 IPL 0 Level 0 0 No —
DILL | DILO | Enabled 1PL 1 Neg. Edge 0 1 Yes 0
0 0 No — 1 0 Yes 1
0 1 Yes 0 1 1 Yes 2
1 0 Yes 1
1 1 Yes 2
DMAO IPL
DOL1 | DoOLO Enabled IPL
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
L
Y } ¢ l Y Y Y Y
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
D5L1[D5L0[D4L1 [DA4L0 [D3L1 [D3L0 |D2L1 [D2L0 [DIL1 |DIL0 [DOLL [DOLO [IDLZ [IDL1 [1DLO JICL2 [ICLT [ICLO [1BL2 [IBLT [1BLO JIAL2 [TALT [TALO
Interrupt Priority Register (IPRC) X:$FFFFFF Read/Write
Reset = $000000

Figure B-3. Interrupt Priority Register-Core (IPRC)
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Programming Sheets

Application: Date:
Programmer:
Sheet 1 of 2
Triple Timer IPL
TOL1 TOLO Enabled IPL
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
ESSI1 IPL
SiLl | SiLo Enabled IPL
SCIIPL SO N
SCL1 SCLO Enabled IPL 1 0 Yes 1
0 0 No — 1 1 Yes 2
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
ESSIO IPL
SOL1 SOLO Enabled IPL
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
Host IPL
HPL1 | HPLO Enabled IPL
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
r—LﬁLr—Hr—Hr—’ﬁ
23 22 21 20 19 18 17 16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
* * * * * * * * * * * * * * TOL1] TOLO SCL1| SCLO|S1L1|S1L0|SOL1 |SOLO [HPL1|HPLO
0/j0(0j0|O0|O|OflO|O|O|O|O|0O]O
$0 $0 $0
Interrupt Priority Register (IPRP) X:$FFFFFE Read/Write
Reset = $000000
* = Reserved, Program as 0

Figure B-4. Interrupt Priority Register-Peripherals (IPRP)
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Programming Sheets

Date:

Application:

Programmer:

Sheet 1 of 1

PLL

Predivision Factor Bits (PDO-PD3)
PD3-PDO Predivision Factor PDF

$0 1

$1 2

$2 3

$F 16

XTAL Disable Bit (XTLD)

0 = Enable Xtal Oscillator

1 = EXTAL Driven From
An External Source

Crystal Range Bit (XTLR)
0 = External Xtal Freq > 200KHz

1 = External Xtal Freq < 200KHz

Clock Output Disable (COD)
0 = 50% Duty Cycle Clock
1 = Pin Held In High State Division Factor Bits (DFO-DF2)
DF2-DFO Division Factor DF
$0 20
$1 2!
$2 22
PSTP and PEN Relationship
PSTP  PEN Operation During STOP $'7 2'7
PLL Oscillator
0 1 Disabled Disabled
1 0 Disabled Enabled
L 1 Enabled Enabled Multiplication Factor Bits MFO-MF11
MF11-MFO Multiplication Factor MF
$000 1
$001 2
$002 3
$FFF 4095
$FFF 4096
Yy
— Y Y — —
23 22 21 20419 18 17 1615 14 13 1211 10 9 8;7 6 5 4,3 2 1 0
PD3 [ PD2 | PD1 | PDO [COD | PEN |PSTP|XTLD|XTLR] DF2 | DF1 | DFO [MF11|MF10| MF9 | MF8 | MF7 | MF6 | MF5 | MF4 | MF3 | MF2 | MF1 | MFO

PLL Control Register (PCTL)
Reset = $000000

X:$FFFFFD Read/Write

Figure B-5. Phase-Locked Loop Control Register (PCTL)
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Programming Sheets

Application: Date:
Programmer:
Sheet 1 of 3
NOTE: All BCR bits are read/write control bits.
Bus Request Hold, Bit 23 Default Area Wait Control, Bits 20-16
0 = BR pin is asserted only for attempted Area 3 Wait Control, Bits 15-13
1pend|ng access Area 2 Wait Control, Bits 12—-10
1=BR pin is always asserted Area 1 Wait Control, Bits 9-5
Area 0 Wait Control, Bits 4- 0
Bus Lock Hold, Bit 22 These read/write control bits define
_ the number of wait states inserted
0 = BL pin is asserted only for attempted read-| into each external SRAM access to
write modify external access the designated area. The value of
1=BL pin is always asserted these bits should not be programmed
as zero.
Bits Bit Name # of Wait States
Bus State, Bit 21 20-16 BDFW[4-0] 0-31
0 = DSP is not bus master 15-13 BA3W[2-0] 0-7
1 =DSP is bus master 12-10 BA2W[2-0] 0-7
9-5 BALW[4-0] 0-31
’—— 4-0 BAOW[4-0] 0-31
vy /—LK—H TN T~ -
5 4

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 3 2 1 O

BRH | BLH | BBS BDFW[4—0] BA3W[2—0] BAZW[2—0] BAIW[4—0] BAOW[4—0]

Bus Control Register (BCR) X:$FFFFFB Read/Write
Reset = $1FFFFF

Figure B-6. Bus Control Register (BCR)
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Programming Sheets

Application: Date:

Programmer:
Sheet 2 of 3

Bus Interface Unit|

NOTE: All DCR bits are read/write control bits.

Refresh Prescaler, Bit 23 Bus Software Triggered
Refresh, Bit 14

0 = Prescaler bypassed 0 = Refresh complete/reset

1 = Divide-by-64 prescaler used 1 = Software triggered refresh request Bus Row Out-of-Page
Wait States, Bits 3-2
Refresh Request Rate, Bits 22—-15 Bus Refresh 00 = 4 wait states
These read/write control bits define I(E)nEtI)Dlies'a%lltelS 01 = 8 wait states
the refresh request rate. The bits - 10 = 11 wait states
specify a divide from 1-256 1 = Enable 11 = 15 wait states
(BRF[7-0] = $00-$FF). A refresh .
request is generated every time Bus Mastership
the refresh counter reaches zero, Enable, Bit 12 Bus In-Page
if the refresh counter is enabled 0 = Disable Wait States, Bits 1-0
(i.e., BREN = 1). 1 = Enable 00 = 1 wait state

_ 01 = 2 wait states
Bus Page Logic 10 = 3 wait states
Enable, Bit 11 11 = 4 wait states
0 = Disable
1 = Enable

Bus DRAM Page Size, Bits 9-8

00 = 9-bit column width, 512
01 = 10-bit column width, 1 K
10 = 11-bit column width, 2 K
11 = 12-bit column width, 4 K

A

\] \
v — — — Y Y VY — —
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
BRP BRF[7-0] BSTR[BREN[ BME [BPLE * BPS[1-0] * % %% BRW[1-0]| BCW[1-0]
0 0/0/0|0
DRAM Control Register (DCR) X:$FFFFFA Read/Write

Reset = $000000

* = Reserved, Program as 0

Figure B-7. DRAM Control Register (DCR)
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Programming Sheets

Date:

Application:

Programmer:

Sheet 3 of 3

Bus Packing Enable, Bit 7

|Bus Interface Unit

0 = Disable internal packing/unpacking logic

Bus Address to Compare, Bits 23-12

BAC[11-0] = address to compare to the
external address in order to decide
whether to assert the AA pin

1 = Enable internal packing/unpacking logic

Bus Y Data Memory Enable, Bit 5

0 = Disable AA pin and logic during
external Y data space accesses

1 = Enable AA pin and logic during
external Y data space accesses

Bus X Data Memory Enable, Bit 4
0 = Disable AA pin and logic during
external X data space accesses
1 = Enable AA pin and logic during
external X data space accesses

Bus Program Memory Enable, Bit 3
0 = Disable AA pin and logic during

external program space accesses
1 = Enable AA pin and logic during

Bus Number of Address Bits to Compare, Bits 11-8
BNC[3-0] = number of bits (from BAC bits) that are
compared to the external address

(Combinations BNC[3-0] = 1111, 1110, 1101 are
reserved.)

external program space accesses

Bus Address Attribute Polarity, Bit 2
0 = AA/RAS signal is active low
1 = AA/RAS signal is active high

Bus Access Type, Bits 1-0

BAT[1-0] Encoding
00 Reserved
01 SRAM access
10 DRAM access
11 Reserved

- — ]

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

BAC11BAC1( BAC9| BAC8| BAC7| BAC6| BAC5| BAC4| BAC3| BAC2| BAC1| BACO| BNC3| BNC2| BNC1| BNCO| BAC7 * BYEN| BXEN| BPEN| BAAP| BAT1| BATO

0

Address Attribute Registers 3 (AAR3)
Address Attribute Registers 2 (AAR2)
Address Attribute Registers 1 (AAR1)
Address Attribute Registers 0 (AARO)
Reset = $000000

X:$FFFFF6 Read/Write
X:$FFFFF7 Read/Write
X:$FFFFF8 Read/Write
X:$FFFFF9 Read/Write

<% = Reserved, Program as 0

Figure B-8. Address Attribute Registers (AAR[3-0])
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Programming Sheets

Application:

Date:

Programmer:

Sheet 1 of 1

DMA Channel Enable, Bit 23
0 = Disables channel operation
1 = Enables channel operation

DMA Interrupt Enable, Bit 22
0 = Disables DMA Interrupt
1 = Enables DMA interrupt

DMA |

Three-Dimensional Mode, Bit 10
0 = Three-Dimensional mode disabled
1 = Three-Dimensional mode enabled

DMA Address Mode, Bits 9—4

DAM[2-0] = source DAM[5-3] =

Non-Three-Dimensional Addressing Modes (D3D=0)

Destination

DMA Transfer Mode, Bits 21-19
DTM[2:0] Triggered By DE Cleared Transfer Mode

000 request yes block transfer
001 request yes word transfer

010 request yes line transfer

011 DE yes block transfer
100 request no block transfer

101 request no word transfer

110 reserved

111 reserved

DMA Channel Priority, Bits 18-17

DPRJ[1:0] Channel Priority
00 Priority level O (lowest)
01 Priority level 1
10 Priority level 2
11 Priority level 3 (highest)

DMA Continuous Mode Enable, Bit 16
0 = Disables continuous mode
1 = Enables continuous mode

DMA Request Source, Bits 15-11

DRS[4:0]

Requesting Device

00000-00011

External (IRQA, IRQB, IRQC, IRQD)

00100-01001

Transfer done from channel 0,1,2,3,4,5

01010-01011

ESSIO Receive, Transmit Data

01100-01101

ESSI1 Receive, Transmit Data

01110-01111 | SCI Receive, Transmit Data

10000-10010 | TimerO, Timerl, Timer2

10011 Host Receive Data Full

10100 Host Transmit Data Empty

10101 -11111 |Reserved

s

DAM[5:3] | Addressing Mode Counter Offset Register
DAM[2:0] Mode Selection

000 2D B DORO

001 2D B DOR1

010 2D B DOR2

011 2D B DOR3

100 No update A None

101 Postincrement-by-1 A None

110 reserved

111 reserved

Three-Dimensional Addressing Modes (D3D=1)

DAM[5:3] Addressing Mode Offset Selection
000 2D DORO
001 2D DOR1
010 2D DOR2
011 2D DOR3
100 No update None
101 Postincrement-by-1 None
110 3D DORO: DOR1
111 3D DOR2: DOR3
DMA Destination Space, Bits 3—2
DSS[1:0] DMA Destination Memory
00 X Memory Space
01 Y Memory Space
10 P Memory Space
11 Reserved

DMA Source Space, Bits 1-0

DSS[1:0] DMA Source Memory
00 X Memory Space
01 Y Memory Space
10 P Memory Space
11 Reserved

-

—
23 2221 20 19°18 17°16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

DE

DIE DTM[2-0] DPR[1-0] JDCON

DRS[4-0]

D3D

DAM[5—0] DDS[1-0] | DSS[1-0]

DMA Control Registers (DCR5-DCRO0)
Reset = $000000

X:$FFFFD8, X:$FFFFDC, X:$FFFFEO,
X:$FFFFE4, X:$FFFFES8, X:$FFFFEC Read/Write
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Figure B-9. DMA Control Registers 5—-0 (DCR[5-0])
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Programming Sheets

Application:

Date:

Programmer:

Sheet 1 of 5

|[HOST |

Host Transmit Data (usually Loaded by program)

Y

23 22 21 2019 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)
Reset = empty

X:$FFFFC7 Write Only

Figure B-10. Host Transmit Data Register
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Programming Sheets

Application: Date:

Programmer:

Sheet 2 of 5

8 7 6 5 4 3 2 1 0
H O S T ( ( % | Bawo| Bao | Bas | BA7 | BA6 | BAS | BAs | BA
0

Host Base Address Register (HBAR) X:$FFFFC5 Read/Write

Reset = $80
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 = HA9 = GPIO. 1 — HAO = HA9
0 = Strobe Active Low, 1 = Strobe Active High !

Host Address Strobe Polarity Host Chip Select Enable
0 = Strobe Active Low, 1 = Strobe Active High 0 -~ HCS/HAIO = GPIO,

- 1 - HCS/HA10 = HC8, if HMUX =0
Host Multiplexed Bus 1 ~ HCS/HA10 = 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 b
0 0 HREQ Active Low Host Ena e
. - 0 - HIO8 Disable
0 1 HREQ Active High Pins = GPIO
1 0 HTRQ,HRRQ Active Low
1 1 |HTRQ,HRRQ Active High 1 - HI08 Enable

Host Acknowledge Priority
0 = HACK Active Low, 1 = HACK Active High

=

15 14 13 12 ;11 10 9 8 ;7 6 5 4,3 2 1 ©

HAP | HRP | HCSP| HDDS|HMUX | HASP | HDSP | HROD HEN | HAEN [ HREN |HCSEN|HA9EN|HABEN| HGEN

OF

Host Port Control Register (HPCR) X:$FFFFC4 Read/Write
Reset = $00

* = Reserved, Program as 0

Figure B-11. Host Base Address and Host Port Control Registers
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Programming Sheets

Date:

Application:

Programmer:

Sheet 3 of 5

|[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 l
4

5
* HF3 | HF2 | HCIE | HTIE | HRIE

O [~
O |o

| [o*]5

!

Host Control Register (HCR) X:$FFFFC2 Read /Write
Reset = $0

*= Reserved, Program as 0

Figure B-12. Host Control Register
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Programming Sheets

Application: Date:

Programmer:
Sheet 4 of 5

I HOST I Host 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 * — Y

7 5 4,3 2 1 O

INIT HLEND| HF1 | HFO | HDRQ| TREQ | RREQ

O |

Interrupt Control Register (ICR) Host Address: $0 Read/Write

Reset = $00
Host Vector
Contains Host Command Interrupt Address + 2
Host Command
Handshakes Executing Host Command Interrupts
— —
_ _ 7 6 5 4,3 2 1 0
Contains the host command interrupt address He7 1 Hee | hes | hca | Hea | Hez | het | hco

Command Vector Register (CVR) Host Address: $1 Read/Write
Reset = $32

*= Reserved, Program as 0

Figure B-13. Interrupt Control and Command Vector Registers
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Programming Sheets

Application: Date:
Programmer:
Sheet 5 of 5
[HOST] Host Side
/7 6 5 4,3 2 1 O
vz | ive | ivs [ iva | va | iv2 | ivi | ivo
Contains the interrupt vector or number
Interrupt Vector Register (IVR) Host Address: $3 Read/Write
Reset = $0F
Host Transmit Data (usually loaded by program)
7 | 07 l 0,7 | 0,7 l 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used

0|0|0|0|0|0|0|0

$7

$6

$5

$4

Reset = $00

Transmit Byte Registers

Host Addresses: $7, $6, $5, $4 Write Only

Figure B-14. Interrupt Vector and Host Transmit Data Registers
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Programming Sheets

Application: Date:

Programmer:

Sheet 1 of 3

ESSI |

Select SC1 as Tx#0 drive

enable

0 = SC1 functions as
serial I/O flag

1 = functions as driver
enable of Tx#0
external buffer

Word Length Control
WwL2 | 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 (data in first 24 bits)
1 0 1 32 (data in last 24 bits)
1 1 0 Reserved
1 1 1 Reserved
Alignment Control
0 = 16-bit data left aligned to bit 23
1 = 16-bit data left aligned to bit 15
Frame Rate Divider Control
DC4:0 = $00-$1F (1 to 32)
Divide ratio for Normal mode
# of time slots for Network
The combination of PSR =1 and PM[7:0] = $00 is forbidden
Prescaler Range Prescale Modulus Select
0 =divide by 8 PM[7-0] = $00-$FF (divide by 1 to 256)
1 =divide by 1
Y Y Y ﬁ‘ *
Y p— —
7 1 0

T — ~ —
23 22 21 20,19 18 17 16,15 14 13 12,11 10

* SSC1|WL2 | WL1 | WLO | ALC * DC4 | DC3 |DC2 | DC1 | DCO | PSR

0 0

6 5 4,3 2

8
* PM7 | PM6 | PM5 [ PM4 | PM3 | PM2 | PM1 | PMO

9
*
0

OF

ESSI Control Register A (CRAX) ESSI0O—X:$FFFFB5 Read/Write
Reset = $000000 ESSI1—X:$FFFFA5 Read/Write

* = Reserved, Program as 0
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Figure B-15. ESSI Control Register A (CRA)
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Programming Sheets

Date:

Application:

Programmer:

Sheet 2 of 3

| ESSI

Receive Exception Interrupt Enable

Clock Polarity

(clk edge data & Frame Sync clocked out/in)
0 = out on rising/in on falling
1 =in on rising/out on falling

0 = Disable 1 =Enable

Transmit Exception Interrupt Enable
0 = Disable 1 = Enable

Receive Last Slot Interrupt Enable
0 = Disable 1 =Enable

Transmit Last Slot Interrupt Enable
0 = Disable 1 = Enable

Receive Interrupt Enable
0 = Disable 1 =Enable

Transmit Interrupt Enable
0 = Disable 1 =Enable

Receiver Enable
0 = Disable 1 = Enable

Transmit 0 Enable
0 = Disable 1 =Enable

Transmit 1 Enable (SYN=1 only)
0 = Disable 1 = Enable

Transmit 2 Enable (SYN=1 only)
0 = Disable 1 =Enable

Mode Select
0 = Normal 1 = Network

Sync/Async Control

(Tx & Rx transfer together or not)
0 = Asynchronous
1 = Synchronous

1) v

23 22 21 20,19 18 17 1615 14 13 12

Frame Sync Polarity

0 = high level (positive)
1 = low level (negative)

Frame Sync Relative Timing

(WL Frame Sync only)

0 = with first data bit

1 =1 clock cycle earlier than first data bit

Frame Sync
FSL1 | FSLO Length
X RX
0 0 Word | Word
0 1 Bit Word
1 0 Bit Bit
1 1 Word Bit

0=MSB

Shift Direction

First 1 =LSB First

Clock Source Direction
0 = External Clock 1 = Internal Clock

Serial Control Direction Bits (see Table 7-2)

Pin

SCO
SC1
SC2

SCDx =0 (Input) | SCDx =1 (Output)
Rx Clk Flag 0
Rx Frame Sync Flag 1
Tx Frame Sync Tx, Rx Frame Sync

Y
11 10 9 87

yRRlnins

6 5 4,3 2 1 O

Output Flag x
IfSYN=1and SCD1 =1
OFx - SCx Pin

REIE[TEIE(RLIE| TLIE| RIE | TIE | RE | TEO | TE1| TE2 [MOD| SYN

CKP | FSP | FSR |FSL1|FSLO[SHFD[SCKD|SCD2|SCD1JSCDO| OF1 | OF0

ESSI Control Register B (CRBx) ESSI0—X:$FFFFB6 Read/Write
Reset = $000000 ESSI1—X:$FFFFA6 Read/Write

Figure B-16. ESSI Control Register B (CRB)
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Programming Sheets

Application: Date:
Programmer:
Sheet 3 of 3
23--16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 0
* * TS15|TS14|TS13|TS12| TS11|TS10| TS9 | TS8 | TS7 [ TS6 | TS5 | TS4 | TS3 | TS2 | TS1 | TSO
SSI Transmit Slot Mask Oll0
0 = IgnoreTime Slot
1 = Active Time Slot ))
ESSI Transmit Slot Mask A (LI"SMA[O—l]) ESSI0—X:$FFFFB4 Read/Write
Reset = $FFFF ESSI1—X:$FFFFA4 Read/Write
J—
23--16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 0
* * TS31|TS30|TS29 | TS28|TS27 |TS26 | TS25| TS24 | TS23|TS22|TS21|TS20|TS19|TS18|TS17 | TS16
SS| Transmit Slot Mask Oil0
0 = IgnoreTime Slot
1 = ActiveTime Slot H
ESSI Transmit Slot Mask B (TSMBJ[0-1]) ESSI0—X:$FFFFB3 Read/Write
Reset = $FFFF ESSI1—X:$FFFFA3 Read/Write
— T~
23--16 115 14 13 12,11 10 9 8,7 6 5 4,3 2 1 0
* * RS15|RS14|RS13|RS12|RS11|RS10| RS9 | RS8 | RS7 | RS6 | RS5 | RS4 | RS3 | RS2 [ RS1 | RSO
SSI Receive Slot Mask O O
0 = IgnoreTime Slot
1 = ActiveTime Slot ”
ESSI Receive Slot Mask A (RSMA[0-1] ESSI0—X:$FFFFB2 Read/Write
Reset = $FFFF ESSI1—X:$FFFFA2 Read/Write
N
23--16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 0
SSI Receive Slot Mask * * RS31|RS30|{RS29|RS28|RS27|RS26|RS25|RS24|RS23|RS22 |RS21|RS20|RS19|RS18|RS17|RS16
0 = Ignore Time Slot O O
1 = Active Time Slot H
ESSI Receive Slot Mask B (RSMB[0-1]) ESSI0—X:$FFFFB1 Read/Write

Reset = $FFFF

ESSI1—X:$FFFFA1 Read/Write

* = Reserved, Program as 0
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Figure B-17. ESSI Transmit and Receive Slot Mask Registers (TSM, RSM)
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Programming Sheets

Application:

Date:

Programmer:

Sheet 1 of 2

_SCI ]

Transmitter Enable
0 = Transmitter Disable
1 = Transmitter Enable

Word Select Bits

Idle Line Interrupt Enable
0 = Idle Line Interrupt Disabled
1 = I|dle Line Interrupt Enabled

00 1= Reserved

011 =Reserved

Receive Interrupt Enable
0 = Receive Interrupt Disabled
1 = Idle Line Interrupt Enabled

111 =Reserved

0 0 0 = 8-hit Synchronous Data (Shift Register Mode)
0 1 0 = 10-bit Asynchronous (1 Start, 8 Data, 1 Stop)
1 0 0 = 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)

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 = Multidrop
0 = 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

Receiver Enable
0 = Receiver Disabled
1 = Receiver Enabled

0 = Send break, then revert
1 = Continually send breaks

Wakeup Mode Select
0 = Idle Line Wakeup
1 = Address Bit Wakeup

—

Y Y VY Y \ Yy v —
23°°°16 15 14 13 12,11 10 9 8, 7 6 5 4,3 2 1 O
sTR [TmE]| TE [ RE[ 1LE | TE [RE [ WOMS]RWU [WaKE] sBK [ssFTD|wps2 [wps1 [wpso

il
)

SCI Control Register (SCR)

Reset $000000

X:$FFFFOC Read/Write

% = Reserved, Program as 0

Figure B-18. SCI Control Register (SCR)
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Programming Sheets

Application: Date:
Programmer:
Sheet 2 of 2
TCM | RCM TX Clock RX Clock SCLK Pin Mode Clock Divider Bits (CD11-CDO0)
0 0 Internal Internal Output Synchronous/Asynchronous CD11-CDO lcyc Rate
0 1 Internal External Input Asynchronous only $000 leyc/1
1 0 External Internal Input Asynchronous only $001 leyc/2
1 1 External External Input Synchronous/Asynchronous $002 leyc/3
| .
Y
- - $FFE loyc/4095
Transmitter Clock Mode/Source Receiver Clock Mode/Source SFFE L1096
0 = Internal clock for Transmitter 0 = Internal clock for Receiver e
1 = External clock from SCLK 1 = External clock from SCLK

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=+8

Vv ¢

A~

23--°15 14 13 12,11 10 9 8 7 6 5 4,3 2 1 O

*((TCM RCM | SCP | COD | CD11|CD10| CD9 | CD8 [ CD7 | CD6 | CD5 | CD4 | CD3 | CD2 | CD1 | CDO
7

|

SCI Clock Control Register (SCCR)  Address X:$FFFF9B Read/Write
Reset = $000000

*= Reserved, Program as 0

Figure B-19. SCI Clock Control Registers (SCCR)
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Programming Sheets

Application:

Date:

Programmer:

Sheet 1 of 3

[Time

'S

PS (1-0)

Prescaler Clock Source

00
01
10
11

Internal CLK/2
TIO0
TIO1
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

0

Prescaler Preload Value (PL [20-0])

Timer Prescaler Load Register (TPLR) X:$FFFF83 Read/Write
Reset = $000000

*= Reserved, Program as 0

@ MOTOROLA

Figure B-20. Timer Prescaler Load Register (TPLR)
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Programming Sheets

1 = One written to TIO pin

Prescaled Clock Enable Bit 15
0 = Clock source is CLK/2 or TIO
1 = Clock source is prescaler output

Timer Compare Flag Bit 21

0 ="“1" has been written to TCSR(TCF),
or timer compare interrupt serviced

1 = Timer Compare has occurred

Timer Overflow Flag Bit 20

0 ="1" has been written to TCSR(TOF),
or timer Overflow interrupt serviced

1 = Counter wraparound has occurred

V¥

Application: Date:
Programmer:
Sheet 2 of 3
- Inverter Bit 8
I I I I le rS 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
0 = Timer operates as a free
running counter
1 = Timer is reloaded when i _
selected condition occurs Timer Control Bits 4-7 (TC[3-0])
TC (3:0) TIO Clock Mode
0000 GPIO Internal | Timer
Direction Bit 11 0001 Output Internal | Timer Pulse
_ L. 0010 Output Internal | Timer Toggle
0=TIO pinis input 0011 Input External | Event Counter
1 =TIO pin is output 0100 Input Internal | Input Width
0101 Input Internal | Input Period
0110 Input Internal Capture
. 0111 Output Internal Pulse Width Modulation
Data Input Bit 12 _ 1000 _ — Reserved
0 = Zero read on TIO pin 1001 Output Internal | Watchdog Pulse
1 = One read on TIO pin 1010 Output Internal | Watchdog Toggle
1011 - Reserved
1100 - - Reserved
- 1101 - - Reserved
Data Output Bit 13 1110 - - Reserved
0 = Zero written to TIO pin un - - Reserved

Timer Enable Bit 0
0 = Timer Disabled
1 = Timer Enabled

Timer Overflow Interrupt Enable Bit 1
0 = Overflow Interrupts Disabled
1 = Overflow Interrupts Enabled

Timer Compare Interrupt Enable Bit 2
0 = Compare Interrupts Disabled
1 = Compare Interrupts Enabled

Y _i—Tl

\J

23 22 21 2019 18 17 1615 14 13 12,11 10 9 8(7 6 5 413 2 1 0
* * TCF | TOF * * * * PCE * DO DI | DIR * TRM| INV [ TC3 | TC2 | TC1 | TCO * TCIE|TQIE| TE
0|0 0/0/0]0 0 0 0

Timer Control/Status Register
Reset = $000000

TCSRO:$FFFF8F Read/Write
TCSR1:$FFFF8B Read/Write
TCSR2:$FFFF87 Read/Write

*= Reserved, Program as 0

B-32

Figure B-21. Timer Control/Status Register (TCSR)
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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 (TLR[0-2]) TLRO—X:$FFFF8E Write Only
Reset = $000000 TLR1—X:$FFFF8A Write Only
TLR2—X:$FFFF86 Write Only

Figure B-22. Timer Load Registers (TLR)

@ MOTOROLA Programming Reference B-33



Programming Sheets

Application: Date:

Programmer:
Sheet 1 of 4

I GPIO I Port B (HI08)

DRx =1 - Hixis Output
DRx =0 - Hixis Input

15 14 13 12 ;112 10 9 8 |7 6 5 4

DR15| DR14| DR13 | DR12 | DR11 | DR10 | DR9 DR8

3 2 1 O

DR7 DR6 DR5 DR4 DR3 DR2 DR1 DRO

Host Data Direction Register (HDDR)  X:$FFFFC8 Write
Reset = $00

DRx holds value of corresponding HI08 GPIO pin.
Function depends on HDDR.

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
Host Data Register (HDR) X:$FFFFC9 Write

Reset = Undefined

Figure B-23. Host Data Direction and Host Data Registers (HDDR, HDR)
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Programming Sheets

Application:

Date:

Programmer:

Sheet 2 of 4

I GP|O I Port C (ESSIO)

PCn =1 - Port Pin configured as ESSI
PCn =0 - Port Pin configured as GPIO
23:'°6 5 4,3 2 1 O

L
(* PCC5| PCC4| PCC3| PCC2| PCC1l| PCCO
I

Port C Control Register (PCRC) X:$FFFFBF Read/Write
Reset = $000000

PDCn =1 - Port Pin is Output
PDCn =0 - Port Pin is Input

236 5 4,3 2 1 0
* * PRC5 | PRC4 | PRC3 | PRC2 | PRC1 | PRCO
0|0

|

Port C Direction Register (PRRC) X:$FFFFBE Read/Write
Reset = $000000

if port pin n is GPIO input, then PDn reflects the
value on port pin n

if port pin n is GPIO output, then value written to
PDn is reflected on port pin n

eee

Port C GPIO Data Register (PDRC) X:$FFFFBD Read/Write
Reset = $000000

5 4,3 2 1 0

6
* PDC5| PDC4| PDC3| PDC2| PDC1| PDCO

23
*
0

*= Reserved, Program as 0

@ MOTOROLA

Figure B-24. Port C Registers (PCRC, PRRC, PDRC)
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Programming Sheets

Application: Date:

Programmer:

Sheet 3 of 4

I GP|O I Port D (ESSI1)

PCn =1 - Port Pin configured as ESSI
PCn =0 - Port Pin configured as GPIO
‘6 5 4,3 2 1 O

] L
((* pcDs| pcDa| Pcp3| pcp2| pcpi| PcDo
7

Port D Control Register (PCRD) X:$FFFFAF Read/Write
Reset = $000000

23
*
0

l

PDCn =1 - Port Pin is Output

PDCn =0 - Port Pin is Input
23'>6 5 4,3 2 1 0
* * PRD5 | PRD4 | PRD3 | PRD2 | PRD1 | PRDO
0l{0

|

Port D Direction Register (PRRD)  X:$FFFFAE Read/Write
Reset = $000000

if port pin n is GPIO input, then PDn reflects the
value on port pin n

if port pin n is GPIO output, then value written to
PDn is reflected on port pin n

236 5 4,3 2 1 0
* * PDD5| PDD4| PDD3| PDD2| PDD1| PDDO|
0|0

Port D GPIO Data Register (PDRD) X:$FFFFAD Read/Write
Reset = $000000

*= Reserved, Program as 0
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Figure B-25. Port D Registers (PCRD, PRRD, PDRD)
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Application:

Date:

Programmer:

Sheet 4 of 4

I GPIO I Port E (SCI)

PCn =1 - Port Pin configured as ESSI
PCn =0 - Port Pin configured as GPIO
‘6 5 4,3 2 1 O

(1(* % | % | % | Pce?| PeE1| Pceo
0

0/0 |0
Port E Control Register (PCRE) X:$FFFFOF Read/Write
Reset = $000000

23
*
0

PDCn =1 - Port Pin is Output
PDCn =0 - Port Pin is Input

23 5 4 3 2 1 0
* % | % | % [PrE2]PrE1[PREO
0 0/0 |0

E
|

|

Port E Direction Register (PRRE)  X:$FFFF9E Read/Write
Reset = $000000

if port pin n is GPIO input, then PDn reflects the
value on port pin n

if port pin n is GPIO output, then value written to
PDn is reflected on port pin n

Port E GPIO Data Register (PDRE) X:$FFFF9D Read/Write
Reset = $000000

2 1 0

3
& | PoE2[ PoEL] PDEO

5 4
* | %
010

O* |33
O |o

*= Reserved, Program as 0

@ MOTOROLA

Figure B-26. Port E Registers (PCRE, PRRE, PDRE)
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adder 1-7
Address Arithmetic Logic Unit (Address ALU) 1-7
Address Attribute Priority Disable (APD) bit 4-16
Address Attribute Registers (AAR) 4-25, 4-30
Bus Access Type (BAT) 4-32
Bus Address Attribute Polarity (BAAP) 4-31
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Bus Number of Address Bitsto Compare (BNC) 4-30
Bus Packing Enable (BPAC) 4-31
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Alignment Control (ALC) bit 7-16
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Asynchronous Multidrop mode 8-17

B

barrel shifter 1-6
bit-oriented instructions 5-2
BCHG 5-2
BCLR 5-2
BRCLR 5-2
BRSET 5-2
BSCLR 5-2
BSET 5-2
BSSET 5-2
BTST 5-2
JCLR 5-2
JSCLR 5-2
JSET 5-2
JSSET 5-2
bootstrap 3-1, 3-3
code 8-8
program 4-8, A-1
program options, invoking 4-8
ROM 1-5
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Boundary Scan Register (BSR) 4-38
Burst Mode Enable (BE) bit 4-17
bus
address 2-2
data 2-2
external address 2-6
externa data 2-6
internal 1-10
multiplexed 2-2
non-multiplexed 2-2
Bus Access Type (BAT) bits 4-32
Bus Address Attribute Polarity (BAAP) bit 4-31
Bus Address to Compare (BAC) bits 4-30
Bus Area 0 Wait State Control (BAOW) bits 4-27
Bus Area 1 Wait State Control (BA1W) bits 4-27
Bus Area 2 Wait State Control (BA2W) bits 4-26
Bus Area 3 Wait State Control (BA3W) bits 4-26
Bus Column In-Page Wait State (BCW) bit 4-29
Bus Control Register (BCR) 4-25
Bit Definitions 4-26
Bus Area 0 Wait State Control (BAOW) 4-27
Bus Area 1 Wait State Control (BA1W) 4-27
Bus Area 2 Wait State Control (BA2W) 4-26
Bus Area 3 Wait State Control (BA3W) 4-26
Bus Default Area Wait State Control (BDFW) 4-26
Bus Lock Hold (BLH) bit 4-26
Bus Request Hold (BRH) 4-26
Bus Request Hold (BRH) bit 4-26
Bus State (BBS) bit 4-26
programming sheet B-17
Bus Default Area Wait State Control (BDFW) bits 4-26
Bus DRAM Page Size (BPS) bit 4-29
Bus Interface Unit (BIU)
Address Attribute Registers (AAR) 4-25
Bus Control Register (BCR) 4-25
DRAM Control Register (DCR) 4-25
Bus Mastership Enable (BME) bit 4-29
Bus Number of Address Bitsto Compare (BNC) bits 4-30
Bus Packing Enable (BPAC) bit 4-31
Bus Page Logic Enable (BPLE) bit 4-29
Bus Program Memory Enable (BPEN) bit 4-31
Bus Refresh Enable (BREN) bit 4-28
Bus Refresh Prescaler (BRP) bit 4-28
Bus Refresh Rate (BRF) bit 4-28
Bus Release Timing (BRT) bit 4-17
Bus Request Hold (BRH) bit 4-26
Bus Row Out-of-Page Wait States (BRW) bit 4-29
Bus Software Triggered Reset (BSTR) bit 4-28
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Bus X Data Memory Enable (BXEN) bit 4-31
Bus Y Data Memory Enable (BY EN) bit 4-31

C

Cache Burst Mode Enable (BE) bit 4-17
Cache Enable (CE) bit 4-10, 4-11
Carry (C) bit 4-14
Central Processing Unit (CPU) 1-1
Chip Operating Mode (MD-MA) bitd-18
chip-select
logic 6-17
signal6-4
Clock 2-5
Clock Divider (CD) hits8-20
clock generatorr-11, 7-17
Clock Generator (CLKGEN]-8
Clock Out Divider (COD®B-19
Clock Output Disable (COD) b#t-24
Clock Polarity (CKP) bif7-22
Clock Prescaler (SCRB19
Clock Source Direction (SCKD) bit-22
CMOS 1-5
codec7-4, 7-10, 7-13
COM byte4-15
Command Vector Register (CVR8)23, 6-26
Host Command (HC§-27
Host Vector (HV)6-27
programming shed3-24
Condition Code Register (CCR)10
Carry (C)4-14
Extension (E¥-14
Limit (L) 4-14
Negative (N)4-14
Overflow (V) 4-14
Scaling (S¥-13
Unnormalized (U¥-14
Zero (2)4-14
Control Register A (CRA)
Alignment Control (ALC)7-16
Frame Rate Divider Control (DQ)16
Prescale Modulus Select (PVH16
Prescaler Range (PSR)16
programming shedd-26
Select SCK (SSC1}-15
Word Length Control (WL)-15
Control Register B (CRB)
Clock Polarity (CKP)7-22
Clock Source Direction (SCKDJj-22
Frame Sync Length (FSL)22
Frame Sync Polarity (FSH}22
Frame Sync Relative Timing (FSR)22
Mode Select (MODYy-21
programming sheds-27
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Receive Enable (RE}-20
Receive Exception Interrupt Enable (REIE)9
Receive Interrupt Enable (RIEZ}19
Receive Last Slot Interrupt Enable (RLIENL9
Serial Control Direction 0 (SCD@)-23
Serial Control Direction 1 (SCD1)-23
Serial Control Direction 2 (SCD2)-23
Serial Output Flag 0 (OF@)-23
Serial Output Flag 1 (OF1-23
Shift Directions (SHFD)-22
Synchronous/Asynchronous (SYRR1
Transmit 0 Enable (TEGj)-20
Transmit 1 Enable (TELj}-21
Transmit 2 Enable (TEZ}-21
Transmit Exception Interrupt Enable (TEIENL9
Transmit Interrupt Enable (TIE}-20
Transmit Last Slot Interrupt Enable (TLIEZ)19
Core Priority (CP) bitgl-10
Core-DMA Priority (CDP) bits4-17
crystal frequency-6
Crystal Range (XTLR) bi#-24

D

data and control host processor registeils
Data Arithmetic Logic Unit (Data ALU}-6
Data Input (DI) bit9-29
data memory expansidi10
Data Output (DO) bi®-29
data strobé&-4
data transfer methods3
Debug support-5
Direct Memory Access (DMAp-6, 6-9
Request Source bit32
transfers and host bs9
triggered by time®-25
Direction (DIR) bit9-30
Division Factor (DF) bitgl-25
DMA Address Mode (DAM) bitd-36
DMA Channel Enable (DE) bi4-32
DMA Channel Priority (DPR) big-34
DMA Continuous Mode Enable (DCON) bit35
DMA Control Registers (DCR5-DCRO0)
programming shed-20
DMA Control Registers (DCR%)-32
bit definitions4-32
DMA Address Mode (DAMM-36
DMA Channel Enable (DE3-32
DMA Channel Priority (DPR¥-34
DMA Continuous Mode Enable (DCOM}35
DMA Destination Space (DDS)-37
DMA Interrupt Enable (DIE}-33
DMA Request Source (DR3)36
DMA Source Space (DS3)37
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DMA Three-Dimensional Mode (D3D) 4-36
DMA Transfer Mode (DTM) 4-33
DMA Destination Space (DDS) hit 4-37
DMA Interrupt Enable (DIE) bit 4-33
DMA Request Source (DRS) hit 4-36
DMA Source Space (DSS) bit 4-37
DMA Three-Dimensional Mode (D3D) bit 4-36
DMA Transfer Mode (DTM) bit 4-33
DO FOREVER (FV) Flag bit 4-11
DO loop 1-8
Do Loop Flag (LF) bit 4-11
doubl e data strobe mode 2-2
Double Host Request (HDRQ) bit 6-9, 6-25
Double-Precision Multiply Mode (DM) bit 4-12
DRAM Control Register (DCR) 4-25, 4-27
Bit Definitions 4-28
Bus Column In-Page Wait State (BCW) 4-29
Bus DRAM Page Size (BPS) 4-29
Bus Mastership Enable (BME) 4-29
Bus Page Logic Enable (BPLE) 4-29
Bus Refresh Enable (BREN) 4-28
Bus Refresh Prescaler (BRP) 4-28
Bus Refresh Rate (BRF) 4-28
Bus Row Out-of-Page Wait States (BRW) 4-29
Bus Software Triggered Reset (BSTR) 4-28
programming sheet B-18
DSP core
programming model 6-13
DSP56300
core 1-1
Family Manual 1-1, 1-4, 6-9
DSP56303
Technical Data 1-1
DSP-to-host
dataword 6-2
handshaking protocols 6-2
interrupts 6-3
mapping 6-2
transfer modes 6-2
transfers 6-6, 6-21
dynamic memory configuration switching 3-5

E

Enhanced Synchronous Serial Interface (ESSI) 1-13, 2-2,

2-17, 2-18, 7-1

24-bit fractional data 7-16

after reset 7-6

Asynchronous mode 7-4, 7-11, 7-20
audio enhancements 7-2

byte format 7-13

clock generator 7-11, 7-17

Clock Sources 7-3

codec 7-13
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control and time dot registers 7-6
control direction of SC2 1/0O signal 7-23
Control Register A (CRA)
Alignment Control (ALC) 7-16
Frame Rate Divider Control (DC) 7-16
Prescale Modulus Select (PM) 7-16
Prescaler Range (PSR) 7-16
programming sheet B-26
Select SCK (SSC1) 7-15
Word Length Control (WL) 7-15
Control Register B (CRB)
Clock Polarity (CKP) 7-22
Clock Source Directions (SCKD) 7-22
Frame Sync Length (FSL) 7-22
Frame Sync Polarity (FSP) 7-22
Frame Sync Relative Timing (FSR) 7-22
Mode Select (MOD) 7-21
programming sheet B-27
Receive Enable (RE) 7-20
Receive Exception Interrupt Enable (REIE) 7-19
Receive Interrupt Enable (RIE) 7-19
Receive Last Slot Interrupt Enable 7-19
Serial Control Direction 0 (SCDOQ) 7-23
Serial Control Direction 1 (SCD1) 7-23
Serial Control Direction 2 (SCD2) 7-23
Serial Output Flag 0 (OF0) 7-23
Serial Output Flag 1 (OF1) 7-23
Shift Direction (SHFD) 7-22
Synchronous/Asynchronous (SYN) 7-21
Transmit 0 Enable (TEQ) 7-20
Transmit 1 Enable (TE1) 7-21
Transmit 2 Enable (TE2) 7-21
Transmit Exception Interrupt Enable
(TEIE) 7-19
Transmit Interrupt Enable (TIE) 7-20
Transmit Last Slot Interrupt Enable (TLIE) 7-19
control registers 7-14
data and control signals 7-3
DMA 7-7
exception configuration 7-9
exceptions 7-7
receive last slot interrupt 7-8
transmit data 7-8
transmit data with exception status 7-8
transmit last slot interrupt 7-8
flags 7-13
frame rate divider 7-10
frame sync
generator 7-17
length 7-12
polarity 7-12
selection 7-11
signal 7-7, 7-10, 7-18
word length 7-12
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initialization 7-6
initialization example 7-7
internally generated clock and frame sync 7-7
interrupt 7-7
Interrupt Service Routine (ISR) 7-9
interrupt trigger event 7-9
interrupts 7-7
multiple serial device selection 7-4
network enhancements 7-2
Network mode 7-2, 7-8, 7-10, 7-21
Normal mode 7-2, 7-10, 7-20, 7-21
On-Demand mode 7-10, 7-15, 7-20, 7-21
operating mode 7-6, 7-10, 7-21
polling 7-7
Port Control Register (PCR) 7-6, 7-36
Port Control Register C (PCRC) 7-36
Port Control Register D (PCRD) 7-36
Port Data Register (PDR) 7-38
Port Data Register C (PDRC) 7-38
Port Data Register D (PDRD) 7-38
Port Direction Register (PRR) 7-37
Port Direction Register C (PRRC) 7-37
Port Direction Register D (PRRD) 7-37
prescale divider 7-16
programming model 7-14
receive data interrupt request 7-28
Receive Data Register (RX) 7-14, 7-30
Receive Shift Register 7-29
receive shift register clock output 7-4
Receive Slot Mask Register (RSM)
programming sheet B-28
Receive Slot Mask Registers (RSMA and
RSMB) 7-14, 7-35
reset 7-6
RX clock 7-11
RX frame sync 7-11
RX frame sync pulses active 7-11
select source of clock signal 7-22
Serid Clock (SCK), ESSI 7-3
Seria Control 0 (SC00 and SC10) 7-4
Seria Control 1 (SC01 and SC11) 7-4
Seria Control 2 (SC02 and SC12) 7-6
Serial Input Flag (IF0) 7-4
Serial Output Flag 0 (OFO0) bit 7-4
Serial Output Flags (OF0—-OF1T)18
Serial Receive Data (SRD}3
Serial Transmit Data (STD}-3
SPI protocol7-2
Synchronous modeé-4, 7-11, 7-13
Synchronous Serial Interface Status Register
(SSISR)7-14, 7-28
bit definitions7-28
Receive Data Register Full (RDF28
Receiver Frame Sync Flag (RFBP9

Index-4 DSP56303 User’'s Manual

Receiver Overrun Error Flag (ROE)28
Serial Input Flag 0 (IFOy-29
Serial Input Flag 1 (IF1Y-29
Transmit Data Register Empty (TDE)28
Transmit Frame Sync Flag (TF$)29
Transmitter Underrun Error Flag (TUE)28
Synchronous/Asynchronous (SYN) Bitl1
Time Slot Register (TSR}-8, 7-33
Transmit Data Registers (TX0-TX2)14, 7-33
Transmit Enable (TEJ-18
Transmit Shift Registers-30
Transmit Slot Mask Register (TSM)
programming shed-28
Transmit Slot Mask Registers (TSMA and
TSMB) 7-14, 7-33
TX clock 7-11
variable prescaler-16
word length frame syn¢-12
word length frame sync timing-12
EOM byte4-15
ESSIO Interrupt Priority Level (SOL) bis19
ESSI1 Interrupt Priority Level (S1L) bis19
expansion memorg-1
Extended Mode Register (EMR)10
Arithmetic Saturation Mode (SMj-10
Cache Enable (CH-11
Core Priority (CP}3-10
DO FOREVER (FV) Flagl-11
Rounding Mode (RM¥-10
Sixteen-Bit Arithmetic Mode (SA3-11
Extension (E) big-14
external address bus6
external bus contrd-6, 2-7
External Bus Disable (EBD) b#-18
external data bug-6
External Memory Expansion Pd2t6

F

frame rate divide7-10
Frame Rate Divider Control (DC) bits16
frame sync

generatof7-17

length7-12

selection7-11

signal7-7, 7-10, 7-18
Frame Sync Length (FSL) bis22
Frame Sync Polarity (FSP) kit22
Frame Sync Relative Timing (FSR) @22
Framing Error Flag (FE) bB-17

G

general-purpose flags for host-DSP communicaian
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General-Purpose | nput/Output (GPIO) 1-12, 2-2, 2-20
functions 6-4
Host Data Direction Register (HDDR) 6-13, 6-33
Host Data Register (HDR) 6-13, 6-33
Port B 5-7
Port C 5-8
Port D 5-8
Port E 5-9
Global DataBus (GDB) 1-10
Ground 2-4
PLL 2-4

H

HACK signal 6-20

handshaking mechanisms
H108 6-6

hardware stack 1-8

HI108 1-12
ISR

Transmit Data Register Empty 6-29

HI08 Interrupt Priority Level (HPL) bits 4-19

Host Acknowledge Enable (HAEN) bit 6-20

Host Acknowledge Polarity (HAP) bit 6-18

Host Address Line 8 Enable (HA8EN) 6-20

Host Address Line 9 Enable (HA9EN) 6-20, 7-20

Host Address Strobe Polarity (HASP) bit 6-19

Host Base Address Register (HBAR) 6-13, 6-17, 6-33
programming sheet B-22

Host Chip Select Enable (HCSEN) hit 6-20

Host Chip Select Polarity (HSCP) bit 6-18

Host Command (HC) bit 6-27

Host Command Interrupt Enable (HCIE) bit 6-14

Host Command Pending (HCP) bit 6-15

Host Control Register (HCR) 6-13, 6-14, 6-32
Host Command Interrupt Enable (HCIE) 6-14
Host Flags 2,3 (HF) 6-14
Host Receive Interrupt Enable (HRIE) 6-15
Host Transmit Interrupt Enable (HTIE) 6-14
programming sheet B-23

Host Data Direction Register (HDDR) 6-4, 6-13, 6-16
programming sheet B-34

Host Data Direction Register (HDRR) 6-33

Host Data Register (HDR) 6-13, 6-16, 6-33
programming sheet B-34

Host Data Strobe Polarity (HDSP) bit 6-19

Host Dual Data Strobe (HDDS) bit 6-19

Host Enable (HEN) hit 6-19

Host Flag 0 (HFO) bit 6-25

Host Flag 1 (HF1) bit 6-25

Host Flag 2 (HF2) bit 6-28

Host Flag 3 (HF3) bit 6-28

Host Flags 0, 1 (HF) bits 6-15

Host Flags 2,3 (HF) bits 6-14
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Host GPIO Port Enable (HGEN) bit 6-20
Host Interface (HI08) 2-2, 2-10, 2-11, 2-13, 2-14, 6-1
chip-select logic 6-17
Command Vector Register (CVR) 6-8, 6-23
Host Command (HC) 6-27
Host Vector (HV) 6-27
programming sheet B-24
configuring host request mode 6-9
control operating mode 6-18
core communication with HI08 registers 6-13
core interrupts
host command 6-8
receive data register full 6-8
transmit data empty 6-8
dataregisters 6-23
data strobe 6-4
Direct Memory Access (DMA) 6-9
DMA transfers and host bus 6-9
double-buffered mechanism 6-6
DSP core 6-6
programming model 6-13
DSP core interrupts 6-7
DSP interrupt routines 6-23
DSP-side
control registers 6-13
dataregisters 6-13
registers after reset 6-22
DSP-to-host
dataword 6-2
handshaking protocols 6-2
interrupts 6-3
mapping 6-2
transfer modes 6-2
transfers 6-6, 6-21
dual host request enabled 6-10
dual-strobe mode 6-21
enabling host requests 6-9
external host address inputs 6-30
external host programmer’s modP3
four kinds of rese6-31
four reset type$-22
general-purpose flags for host-DSP
communicatiorb-7
GPIO configuration option6-16
GPIO functionss-4
HACK signal6-20
HACK/HRRQ handshake flags-23
handshaking mechanisrbss
handshaking protocols-6
choosing6-6
Core DMA acces$-6
host request-6
interrupts6-6
pros and cons of polling-7
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software polling 6-6

hardware reset 6-22, 6-31

H108-to-DSP core interface 6-1

H108-to-host
interface 6-2

Host Base Address Register (HBAR) 6-13, 6-17,
6-33
programming sheet B-22

host command 6-8, 6-23

Host Control Register (HCR) 6-13, 6-32
Host Command Interrupt Enable (HCIE) 6-14
Host Flags 2, 3 (HF) 6-14
Host Receive Interrupt Enable (HRIE) 6-15
Host Transmit Interrupt Enable (HTIE) 6-14
programming sheet B-23

Host Data Direction Register (HDDR) 6-4, 6-13,
6-16
programming sheet B-34

Host Data Direction Register (HDRR) 6-33

Host Data Register (HDR) 6-13, 6-16, 6-33
programming sheet B-34

host interrupt request pins (IRQx) 6-9

Host Port Control Register (HPCR) 6-4, 6-13, 6-18,

6-22, 6-32, 6-33
Host Acknowledge Enable (HAEN) 6-20
Host Acknowledge Polarity (HAP) 6-18
Host Address Line 8 Enable (HA8EN) 6-20
Host Address Line 9 Enable (HA9EN) 6-20,
7-20

Host Address Strobe Polarity (HASP) 6-19
Host Chip Select Enable (HCSEN) 6-20
Host Chip Select Polarity (HCSP) 6-18
Host Data Strobe Polarity (HDSP) 6-19
Host Dual Data Strobe (HDDS) 6-19
Host Enable (HEN) 6-19
Host GPIO Port Enable (HGEN) 6-20
Host Multiplexed Bus (HMUX) 6-19
Host Request Enable (HREN) 6-20
Host Request Open Drain (HROD) 6-19
Host Request Polarity (HRP) 6-18
programming sheet B-5, B-22

host processor registers 6-13

Host Receive (HRX) register 6-6, 6-22, 6-33

Host Receive Data Register (HRX) 6-22

Host Receive Request (HRRQ) 6-9

host request line 6-4

host request pins 6-10

host side
Command Vector Register (CVR) 6-26
Interface Control Register (ICR) 6-24
Interface Status Register (ISR) 6-27
Interface Vector Register (IVR) 6-29
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Receive Byte Registers (RXH, RXM, RXL) 6-30
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Transmit Byte Registers (TXH, TXM,
TXL) 6-30

host side registers after reset 6-31

Host Status Register (HSR) 6-13, 6-15, 6-33
Host Command Pending (HCP) 6-15
Host Flags 0, 1 (HF) 6-15
Host Receive Data Full (HRDF) 6-16
Host Transmit Data Empty (HTDE) 6-15

Host Transmit (HTX) register 6-7, 6-21, 6-30, 6-33

Host Transmit Data Register (HTDR)
programming sheet B-21, B-25
host-side
register map 6-24
host-to-DSP
datatransfers 6-6, 6-22
dataword 6-1
handshaking protocols 6-1
instructions 6-1
mapping 6-1
HREQ/HTRQ handshake flags 6-23
instructions and addressing modes. 6-4
Interface Control Register (ICR) 6-23, 6-24
Double Host Request (HDRQ) 6-9, 6-25
Host Flag 0 (HFO) 6-25
Host Flag 1 (HF1) 6-25
Host Little Endian (HLEND) 6-25
Initialize (INIT) 6-25
Receive Request Enable (RREQ) 6-26
Transmit Request Enable (TREQ) 6-26
Interface Status Register (ISR) 6-23, 6-27
Host Flag 2 (HF2) 6-28
Host Flag 3 (HF3) 6-28
Host Request (HREQ) 6-28
Receive Data Full (RDF) 6-7
Receive Data Register Full (RXDF) 6-29
Transmit Data Empty (TDE) 6-7
Transmit Data Register Empty (TXDE) 6-29
Transmitter Ready (TRDY) 6-28
interrupt routines 6-8
Interrupt Vector Register (IVR) 6-23, 6-29
programming sheet B-25
interrupt-based techniques 6-23
masking interrupts 6-8
MOVEP instruction 6-13
multiplexed bus mode 6-4, 6-17, 6-20
non-multiplexed bus mode 6-4, 6-20
pipeline 6-6
polling techniques 6-23, 6-29
programming model
DSPside 6-13
host side 6-23
quick reference 6-32
Receive Byte Registers (RXH, RHM, RHL) 6-7
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Receive Byte Registers (RXH, RXM, RXL) 6-5, 6-6,
6-30
register banks 6-4
request service from host 6-9
resets
hardware and software 6-4, 6-13
single-strobe mode 6-21
software polling 6-7
software reset 6-31
STOP command 6-24
STOP instruction 6-31
Stop mode 6-24
timing requirements 6-6
Transmit Byte Registers 6-6
Transmit Byte Registers (TXH, TXM, TXL) 6-30
Transmit Data Registers (TXH, TXM, TXL) 6-5
Transmit Registers (TXH, TXM, TXL) 6-7
vector registers 6-23
Host Litle Endian (HLEND) bit 6-25
Host Multiplexed Bus (HMUX) bit 6-19
host port
configuration 2-11
usage considerations 2-10
Host Port Control Register (HPCR) 6-4, 6-13, 6-18, 6-22,
6-32, 6-33
Host Acknowledge Enable (HAEN) 6-20
Host Acknowledge Polarity (HAP) 6-18
Host Address Line 8 Enable (HA8EN) 6-20
Host Address Line 9 Enable (HA9EN) 6-20, 7-20
Host Address Strobe Polarity (HASP) 6-19
Host Chip Select Enable (HCSEN) 6-20
Host Chip Select Polarity (HCSP) 6-18
Host Data Strobe Polarity (HDSP) 6-19
Host Dual Data Strobe (HDDS) 6-19
Host Enable (HEN) 6-19
Host GPIO Port Enable (HGEN) 6-20
Host Multiplexed Bus (HMUX) 6-19
Host Request Enable (HREN) 6-20
Host Request Open Drain (HROD) 6-19
Host Request Polarity (HRP) 6-18
programming sheet B-5, B-22
host processor address space 6-23
Host Receive (HRX) register 6-6, 6-13, 6-22, 6-33
Host Receive Data Full (HRDF) bit 6-7, 6-16
Host Receive Interrupt Enable (HRIE) bit 6-15
Host Receive Reguest (HRRQ) 6-9
host request 6-6
double 2-2
enabling 6-9
single 2-2
Host Request (HREQ) bit 6-28
Host Request Enable (HREN) bit 6-20
host request line 6-4
Host Request Open Drain (HROD) bit 6-19
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host request pins 6-10
Host Request Polarity (HRP) bit 6-18
Host Status Register (HSR) 6-13, 6-15, 6-33
Host Command Pending (HCP) 6-15
Host Flags 0, 1 (HF) 6-15
Host Receive Data Full (HRDF) 6-16
Host Transmit Data Empty (HTDE) 6-15
Host Transmit (HTX) register 6-7, 6-13, 6-21, 6-33
Host Transmit Data Empty (HTDE) bit 6-7, 6-15
Host Transmit Data Register (HTDR)
programming sheet B-21, B-25
Host Transmit Interrupt Enable (HTIE) bit 6-14
Host Vector (HV) bits 6-27
Hosts Interface (HI08)
Interrupt Control Register (ICR)
programming sheet B-24
host-to-DSP transfers 6-6

I/0 space
X datamemory 3-4, 3-5
Idle Line Flag (IDLE) bit 8-18
Idle Line Interrupt Enable (ILIE) bit 8-13
Idle Line Wakeup mode 8-3
Initialize (INIT) bit 6-25
initializing the timer 9-3
instruction cache 1-5, 3-2
location 3-6
Interface Control Register (ICR) 6-24
Double Host Request (HDRQ) 6-9, 6-25
Host Flag 0 (HF0) 6-25
Host Flag 1 (HF1) 6-25
Host Little Endian (HLEND) 6-25
Initialize (INIT) 6-25
Receive Request Enable (RREQ) 6-26
Transmit Request Enable (TREQ) 6-26
Interface Status Register (ISR) 6-27
Host Flag 2 (HF2) 6-28
Host Flag 3 (HF3) 6-28
Host Request (HREQ) 6-28
Receive Data Full (RDF) 6-7
Receive Data Register Full (RXDF) 6-29
Transmit Data Empty (TDE) 6-7
Transmit Data Register Empty (TXDE) 6-29
Transmitter Ready (TRDY) 6-28
Interface Vector Register (IVR) 6-29
internal buses 1-10
internal 1/0 memory map B-3
internal program memory 3-1, 3-2
interrupt 1-8, 5-3
configuring 4-18
Host Interface (HI08) 6-6, 6-7
priorities B-10
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source priorities 4-22
sources 4-19, 4-20, B-8
table 4-18
table, memory map 4-20
trigger mode 4-20
vector 4-20

interrupt and mode control 2-9

interrupt conditions 5-2

interrupt control 2-9

Interrupt Control Register (ICR)
programming sheet B-24

Interrupt Mask (1) bits 4-13

Interrupt Priority Register Core (IPRC) 4-19
IRQD—IRQA Priority and Mode (IDL-IAL)4-19

Interrupt Priority Register Peripherals (IPRP}9
ESSIO Interrupt Priority Level (S014-19
ESSI1 Interrupt Priority Level (S114-19
HI08 Interrupt Priority Level (HPL%-19
SCI Interrupt Priority Level (SCL¥-19
Timer Interrupt Priority Level (TOL%-19

Interrupt Priority Register-Core (IPR-C)
programming shed3-14

Interrupt Priority Register-Peripherals (IPR-P)
programming sheds-15

interrupt routines
Host Interface (HIO8%-8

Interrupt Service Routine (ISR)9, 9-4

interrupt trigger event-9

Interrupt Vector Register (IVR§-23
programming shedd-25

Inverter (INV) bit9-30, 9-32

IRQD—RQA Priority and Mode (IDL-IAL) bits4-19

J

Joint Test Action Group (JTAG)-9, 2-21, 4-38
Test Acces Port(TAP)-5

L

Limit (L) bit 4-14
Loop Address register (LA)-8
Loop Counter register (LC)-8

M

M68HC11 SCl interfac®-16
manual conventions-2
mapping control registers2
MC68000 family6-29
MC68681 DUARTS8-16
memory

allocation switching3-2

configuration3-5
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dynamic switching3-5
expansior3-1
external expansion poit10
maps3-7
on-chip1-9
Memory Expansion Poi-5
memory map
internal I/OB-3
Memory Switch mode&-2
X data Memory3-3
X data memong-4
Memory Switch Mode (MS) bid-17
MODD, MODC, MODB, and MODA8-8
mode control-9
Mode Register (MR¥-10
Do Loop Flag (LF¥4-11
Double-Precision Multiply Mode (DMJ}-12
Interrupt Mask (14-13
Scaling (S) Modet-13
Sixteen-Bit Compatibility (SC) modé-12
Mode Select (MOD) bi7-21
move (MOVE, MOVEP) instructions-2
MOVEP instruction6-13
Multidrop mode8-2
multiplexed bus modg-2, 6-4, 6-17, 6-20
Multiplication Factor (MF) bit4-25
Multiplier-Accumulator (MAC)1-6

N

Negative (N) bit4-14
Network mode7-8
non-multiplexed bus mod2-2, 6-4

O

off-chip memory1-5, 3-1
On-Chip Emulation (OnCE) module5, 1-9, 2-21
on-chip memoryl-5, 1-9
On-Demand mod&-10, 7-15
operating frequenc$-5
operating modd-2
Host Interface (HIO8p-18
Operating Mode Register (OMR}8, 4-15
Address Attribute Priority Disable (AP)-16
Address Trace Enable (ATE}16
Asynchronous Bus Arbitration Enable (ABE)16
Bus Release Timing (BRB®-17
Cache Burst Mode Enable (BE)17
Chip Operating Mode (MD-MAX-18
COM byte4-15
Core-DMA Priority (CDPM-17
EOM byte4-15
External Bus Disable (EBDJ-18
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Memory Switch Mode (MS) 4-17
programming sheet B-13
SCSbyte 4-15
Stack Extension Enable (SEN) 4-15
Stack Extension Overflow Flag (EOV) 4-16
Stack Extension Underflow Flag (EUN) 4-16
Stack Extension Wrap Flag (WRP) 4-15
Stack Extension XY Select (XYS) 4-16
Stop Delay Mode (SD) 4-18
TA Synchronize Select (TAS) 4-17
Overflow (V) bit 4-14
Overrun Error Flag (OR) bit 8-18

P

Parity Error (PE) bit 8-17
Peripheral 1/0 Expansion Bus 1-10
peripherals programming
bit-oriented instructions 5-2
data transfer methods 5-3
guidelines 5-1
individual reset state 5-1
initialization steps 5-1
interrupts 5-3
mapping control registers 5-2
move (MOVE, MOVEP) instructions 5-2
polling 5-3
reading status registers 5-2
PINIT 4-24
PLL 1-8, 2-5
PLL Control (PCTL) register 4-24
Clock Output Disable (COD) 4-24
Crystal Range (XTLR) 4-24
Division Factor (DF) 4-25
PLL Enable (PEN) 4-24
PLL Multiplication Factor (MF) 4-25
PLL Stop State (PSTP) 4-24
Predivider Factor (PD) 4-24
programming sheet B-16
XTAL Disable (XTLD) 4-24
PLL Enable (PEN) bit 4-24
PLL Stop State (PSTP) bit 4-24
polling 5-3
Port A 2-6, 4-25
Port B 2-2, 2-13, 2-14
H108 5-7
programming sheet B-34
Port C 2-2, 2-17, 2-18
control registers 7-36
ESSIO 5-8
Port C Control Register (PCRC) 7-36
programming sheet B-35
Port C Data Register (PDRC) 7-38
programming sheet B-35
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Port C Direction Register (PRRC) 7-37
programming sheet B-35
Port D 2-2
control registers 7-36
ESSI1 5-8
Port D Control Register (PCRD) 7-36
programming sheet B-36
Port D Data Register (PDRD) 7-38
programming sheet B-36
Port D Direction Register (PRRD) 7-37
programming sheet B-36
Port E 2-19, 5-9
Port E Control Register (PCRE) 8-24
programming sheet B-37
Port E Data Register (PDRE) 8-25
programming sheet B-37
Port E Direction Register (PRRE) 8-25
programming sheet B-37
position independent code (PIC) 1-7
power 2-3
low 1-5
management 1-5
standby modes 1-5
Predivider Factor (PD) bits 4-24
prescale divider for ESSI 7-16
Prescale Modulus Select (PM) bits 7-16
Prescaler Clock Enable (PCE) bit 9-29
prescaler counter 9-25
Prescaler Counter Value (PC) bits 9-28
Prescaler Preload VValue (PL) bits 9-27
Prescaler Range (PSR) bit 7-16
Prescaler Source (PS) bits 9-27
Program Address Bus (PAB) 1-10
Program Address Generator (PAG) 1-7
Program Control Unit (PCU) 1-7
Program Counter register (PC) 1-8
Program Data Bus (PDB) 1-10
Program Decode Controller (PDC) 1-7
program memory 1-5, 3-1, 3-2
program memory expansion 1-10
bus 1-10
Program ROM, bootstrap 3-1
programming model
core 4-1
DSP core 6-13
ESS| 7-14
H108 6-13
DSPside 6-13
host side 6-23
HI08 quick reference 6-32
peripherals 5-1
SCI 8-9
timer 9-25
programming sheets
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list B-2
R

RAM
program 3-1

reading status registers 5-2

Receive Byte Registers (RXH, RXM, RXL) 6-5, 6-6,
6-30

Receive Clock Mode Source (RCM) 8-19

Receive Data (RXD) signal 8-4

Receive Data Full (RDF) bit 6-7

Receive Data Register (RX) 7-30

Receive Data Register Full (RDF) bit 7-28

Receive Data Register Full (RDRF) bit 8-18

Receive Data Register Full (RXDF) bit 6-29

Receive Enable (RE) bit 7-20

Receive Exception Interrupt Enable (REIE) bit 7-19

Receive Frame Sync Flag (RFS) 7-29

Receive Interrupt Enable (RIE) bit 7-19

Receive Last Slot Interrupt Enable (RLIE) bit 7-19

Receive Request Enable (RREQ) bit 6-26

Receive Shift Register 7-29

Receive Slot Mask Registers (RSMA and RSMB) 7-14,
7-35

Receive with Exception Interrupt Enable (REIE) bit 8-12

Received Bit 8 (R8) bit 8-17

Receiver Enable (RE) bit 8-14

Receiver Overrun Error Flag (ROE) 7-28

Receiver Wakeup Enable (RWU) bit 8-15

register banks 6-4

RESET 2-9

resets
hardware and software 6-4

ROM, bootstrap 1-5, 3-1, 3-3

Rounding Mode (RM) bit 4-10

RX clock 7-11

RXH, RXM, RXL registers 6-30

S

Scaling (S) bit 4-13

Scaling (S) Mode bits 4-13

SCI Clock Control Register (SCCR) 8-9, 8-19
bit definitions 8-19
Clock Divider (CD) 8-20
Clock Out Divider (COD) 8-19
Clock Prescaler (SCP) 8-19
programming sheet B-30
Receive Clock Mode Source (RCM) 8-19
Transmit Clock Source (TCM) 8-19

SCI Clock Polarity (SCKP) bit 8-12

SCI Control Register (SCR) 8-9, 8-12
bit definitions 8-12
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Idle Line Interrupt Enable (ILIE) 8-13
programming sheet B-29
Receive with Exception Interrupt Enable (REIE) 8-12
Receiver Enable (RE) 8-14
Receiver Wakeup Enable (RWU) 8-15
SCI Clock Polarity (SCKP) 8-12
SCI Receive Interrupt Enable (RIE) 8-13
SCI Shift Direction (SSFTD) 8-15
SCI Transmit Interrupt Enable (TIE) 8-13
Send Break (SBK) 8-15
Timer Interrupt Enable (TMIE) 8-13
Timer Interrupt Rate (STIR) 8-12
Transmitter Enable (TE) 8-14
Wakeup Mode Select (WAKE) 8-15
Wired-OR Mode Select (WOMS) 8-14
Word Select (WDS) 8-16
SCI Interrupt Priority Level (SCL) bits 4-19
SCI pins
RXD, TXD, SCLK 8-3
SCI Receive Data Register (SRX) 8-9, 8-22
SCI Receive Interrupt Enable (RIE) bit 8-13
SCI Seria Clock signal (SCLK) 8-4
SCI sShift Direction (SSFTD) 8-15
SCI Status Register (SSR) 8-9, 8-17
bit definitions 8-17
Framing Error Flag (FE) 8-17
IdleLine Flag (IDLE) 8-18
Overrun Error Flag (OR) 8-18
Parity Error (PE) 8-17
Receive Data Register Full (RDRF) 8-18
Received Bit 8 (R8) 8-17
Transmit Data Register Empty (TDRE) 8-18
Transmitter Empty (TRNE) 8-18
SCI Transmit Data Address Register (STXA) 8-9
SCI Transmit Data Register (STX or STXA) 8-22
SCI Transmit Data Register (STX) 8-9, 8-23
SCI Transmit Interrupt Enable (TIE) bit 8-13
SCLK 8-2, 8-6
SCSbyte 4-15
Select SCK (SSC1) bit 7-15
Send Break (SBK) bit 8-15
Serid Clock (SCK) 7-3
Serial Clock (SCLK), SCI 8-2
Serial Communications Interface (SCI) 1-13, 2-2, 2-19,
8-1
Address Mode Wakeup 8-3
Asynchronous mode 8-2
bootstrap loading 8-8
crystal frequency 8-6
dataregisters 8-22
Data Word Formats 8-10
enable wakeup function 8-15
enable/disable SCI receive data with exception
interrupt 8-12
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exceptions 8-8
IdleLine 8-8
Receive Data 8-8
Receive Data with Exception Status 8-8
Timer 8-9
Transmit Data 8-8
GPIO 5-9
GPIO functionality 8-24
I/O signals 8-3
Idle Line Wakeup mode 8-3
individual reset state (PCR = $0) 8-6
initialization 8-6
Inter-processor messages 8-2
interrupts 8-6
Multidrop mode 8-2
operating mode 8-1
Asynchronous 8-1
Synchronous 8-1
programming model 8-9
dataregisters 8-22
Receive Data (RXD) 8-4
recover synchronization 8-2
reset 8-5
SCI Clock Control Register (SCCR) 8-7, 8-8, 8-9,
8-19
bit definitions 8-19
Clock Divider (CD) 8-20
Clock Out Divider (COD) 8-19
Clock Prescaler (SCP) 8-19
programming sheet B-30
Receive Clock Mode Source (RCM) 8-19
Transmit Clock Source (TCM) 8-19
SCI Control Register (SCR) 8-7, 8-8, 8-9, 8-12
bit defintions 8-12
Idle Line Interrupt Enable (ILIE) 8-13
programming sheet B-29
Receive with Exception Interrupt Enable
(REIE) 8-12
Receiver Enable (RE) 8-14
Receiver Wakeup Enable (RWU) 8-15
SCI Clock Polarity (SCKP) 8-12
SCI Receive Interrupt Enable (RIE) 8-13
SCI Shift Direction (SSFTD) 8-15
SCI Transmit Interrupt Enable (TIE) 8-13
Send Break (SBK) 8-15
Timer Interrupt Enable (TMIE) 8-13
Timer Interrupt Rate (STIR) 8-12
Transmitter Enable (TE) 8-14
Wakeup Mode Select (WAKE) 8-15
Wired-OR Mode Select (WOMS) 8-14
Word Select (WDS) 8-16
SCI Receive Data Register (SRX) 8-9, 8-22
SCI Status Register (SSR) 8-9, 8-17
bit definitions 8-17
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Framing Error Flag (FE) 8-17
IdleLine Flag (IDLE) 8-18
Overrun Error Flag (OR) 8-18
Parity Error (PE) 8-17
Receive Data Register Full (RDRF) 8-18
Received Bit 8 (R8) 8-17
Transmit Data Register Empty (TDRE) 8-18
Transmitter Empty (TRNE) 8-18
SCI Transmit Data Address Register (STXA) 8-9
SCI Transmit Data Register (STX) 8-9
select wakeup on idle line mode 8-15
Serial Clock (SCLK) 8-4, 8-21
state after reset 8-5
Synchronous mode 8-2
transmission priority
preamble, break, and data 8-7
transmit and receive shift registers 8-2
Transmit Data (TXD) 8-4
Transmit Data Register (STX or STXA) 8-22
Transmit Data Register (STX) 8-23
Wired-OR mode 8-3
Seria Control 0 (SC00 and SC10) signals 7-4
Seria Control 1 (SC01 and SC11) signals 7-4
Serial Control 2 (SC02 and SC12) signals 7-6
Serial Control Direction 0 (SCDQ) bit 7-23
Serial Control Direction 1 (SCD1) bit 7-23
Serial Control Direction 2 (SCD2) bit 7-23
Serid Input Flag O (IF0) bit 7-4, 7-29
Serial Input Flag 1 (IF1) bit 7-29
Serial Output Flag (OF0—OF1) bifs18
Serial Output Flag 0 (OF0) bit4, 7-23
Serial Output Flag 1 (OF1) bit23
Serial Receive Data (SRD) sigriaB
Serial Transmit Data (STD) sign&l3
setting timer operating mode4
Shift Direction (SHFD) bif7-22
signals2-1
signals, functional groupa2
single data strobe mo@e2
Sixteen-Bit Arithmetic Mode (SA) bi4-11
Sixteen-Bit Compatibility (SC) mode bit12
Sixteen-bit Compatibility mod8-6
Size register (SZ}-8
software polling6-6
SRAM, interfacingl-10
Stack Counter register (S@)8
Stack Extension Enable (SEN) @15
Stack Extension Overflow Flag (EOV) bit16
Stack Extension Underflow Flag (EUN) 16
Stack Extension Wrap Flag (WRP) B#l5
Stack Extension XY Select (XYS) bit16
Stack Pointer (SP)-8
standby mode
Stop1-5
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Wait 1-5
Status Register (SR) 1-8, 4-10
bit definitions 4-10
Condition Code Register (CCR) 4-10
Carry (C) 4-14
Extension (E) 4-14
Limit (L) 4-14
Negative (N) 4-14
Overflow (V) 4-14
Scaling (S) 4-13
Unnormalized (U) 4-14
Zero (Z) 4-14
Extended Mode Register (EMR) 4-10
Arithmetic Saturation Mode (SM) 4-10
Cache Enable (CE) 4-11
Core Priority (CP) 4-10
DO FOREVER (FV) Flag 4-11
Instruction Cache Enable (CE) 4-10
Rounding Mode (RM) 4-10
Sixteen-Bit Arithmetic Mode (SA) 4-11
Mode Register (MR) 4-10
Do Loop Flag (LF) 4-11
Double-Precision Multiply Mode (DM) 4-12
Interrupt Mask (1) 4-13
Scaling (S) Mode 4-13
Sixteen-Bit Compatibility (SC) Mode 4-12
programming sheet B-12
status registers, reading 5-2
Stop Delay Mode (SD) bit 4-18
STOP instruction 6-22, 8-6
Stop standby mode 1-5
Switch mode 1-5
switching memory configuration dynamically 3-5
switching memory sizes 3-2
Synchronous mode 7-10, 7-11, 7-13, 8-2, 8-18
Synchronous Serial Interface Status Register
(SSISR) 7-14, 7-28
Receive Data Register Full (RDF) 7-28
Receiver Frame Sync Flag (RFS) 7-29
Receiver Overrun Error Flag (ROE) 7-28
Serial Input Flag 0 (IF0) 7-29
Serial Input Flag 1 (IF1) 7-29
Transmit Data Register Empty (TDE) 7-28
Transmit Frame Sync Flag (TFS) 7-29
Transmitter Underrun Error Flag (TUE) 7-28
Synchronous/Asynchronous (SY N) bit 7-21

T

TA Synchronize Select (TAS) bit 4-17
Test Access Port (TAP) 1-5, 1-9
Time Slot Register (TSR) 7-33
timer 2-2, 2-20

after Reset 9-3

enabling 9-4
exception 9-4
Compare 9-4
Overflow 9-4
GPIO 5-9
initialization 9-3
operating modes 9-5
Capture (mode 6) 9-5, 9-14, 9-18
Event Counter (mode 3) 9-5, 9-12
GPIO (mode 0) 9-5, 9-6
Input Period (mode 5) 9-5, 9-14, 9-16
Input Width (mode 4) 9-5, 9-14
overview 9-6
Pulse (mode 1) 9-5, 9-8
Pulse Width Modulation (PWM) (mode 7) 9-5,
9-14, 9-19
reserved 9-25
setting 9-4
signal measurement modes 9-14
Toggle (mode 2) 9-5, 9-10
watchdog modes 9-21
Watchdog Pulse (mode 9) 9-5, 9-22
Watchdog Toggle (mode 10) 9-5, 9-22
prescaler counter 9-25
programming model 9-25
special cases 9-25
timer compare interrupts 9-32
Timer Compare Register (TCPR) 9-34
Timer Control/Status Register (TCSR) 9-28
Data Input (DI) 9-29
Data Output (DO) 9-29
Direction (DIR) 9-30
Inverter (INV) 9-30, 9-32
Prescaler Clock Enable (PCE) 9-29
Timer Compare Flag (TCF) 9-29
Timer Compare Interrupt Enable (TCIE) 9-32
Timer Control (TC) 9-31
Timer Enable (TE) 9-32
Timer Overflow Flag (TOF) 9-29
Timer Overflow Interrupt Enable (TOIE) 9-32
Timer Reload Mode (TRM) 9-30
Timer Count Register (TCR) 9-34
Timer Load Registers (TLR) 9-33
Timer Prescaler Count Register (TPCR) 9-28
Prescaler Counter Vaue (PC) 9-28
Timer Prescaler Load Register (TPLR) 9-27
bit definitions 9-27
Prescaler Preload Vaue (PL) 9-27
Prescaler Source (PS) 9-27
Timer Compare Flag (TCF) bit 9-29
Timer Compare Interrupt Enable (TCIE) bit 9-32
Timer Compare Register (TCPR) 9-4, 9-34
Timer Control (TC) bits 9-31
Timer Control/Status Register (TCSR) 9-3, 9-28
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bit definitions 9-28
Data Input (DI) 9-29
Data Output (DO) 9-29
Direction (DIR) 9-30
Inverter (INV) 9-30, 9-32
Prescaler Clock Enable (PCE) 9-29
programming sheet B-32
Timer Compare Flag (TCF) 9-29
Timer Compare Interrupt Enable (TCIE) 9-32
Timer Control (TC) 9-31
Timer Enable (TE) 9-32
Timer Overflow Flag (TOF) 9-29
Timer Overflow Interrupt Enable (TOIE) 9-32
Timer Reload Mode (TRM) 9-30
Timer Count Register (TCR) 9-34
Timer Enable (TE) bit 9-32
Timer Interrupt Enable (TMIE) bit 8-13
Timer Interrupt Priority Level (TOL) bits 4-19
Timer Interrupt Rate (STIR) bit 8-12
Timer Load Registers (TLR) 9-4, 9-33
programming sheet B-33
Timer module
architecture 9-1
timer block diagram 9-2
Timer Overflow Flag (TOF) bit 9-29
Timer Overflow Interrupt Enable (TOIE) bit 9-32
Timer Prescaler Count Register (TPCR) 9-28
bit definitions 9-28
Prescaler Counter Value (PC) 9-28
Timer Prescaler Load Register (TPLR) 9-4, 9-27
bit definitions 9-27
Prescaler Preload VValue (PL) 9-27
Prescaler Source (PS) 9-27
programming sheet B-31
Timer Reload Mode (TRM) bit 9-30
Transmit O Enable (TEO) bit 7-20
Transmit 1 Enable (TE1) bit 7-21
Transmit 2 Enable (TE2) bit 7-21
Transmit Byte Registers (TXH, TXM, TXL) 6-6, 6-30
Transmit Clock Source (TDM) bit 8-19
Transmit Data Empty (TDE) bit 6-7
Transmit Data Register Empty (TDE) hit 7-28
Transmit Data Register Empty (TDRE) bit 8-18
Transmit Data Register Empty (TXDE) bit 6-29
Transmit Data Registers (TX0-TX2)14, 7-33
Transmit Data Registers (TXH, TXM, TXL1§5
Transmit Data signall(xXD) 8-4
Transmit Enable (TE) bitg-18
Transmit Exception Interrupt Enable (TEIE) Bitl9
Transmit Frame Sync Flag (TF%)29
Transmit Interrupt Enable (TIE) br-20
Transmit Last Slot Interrupt Enable (TLIE) BH19
Transmit Request Enable (TREQ) BiR6
Transmit Shift Registers-30
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Transmit Slot Mask Registers (TSMA and TSMB}4,

7-33
Transmitter Empty (TRNE) bB-18
Transmitter Enable (TE) b&-14
Transmitter Ready (TRDY) b#&-28
Transmitter Underrun Error Flag (TUE)28
triple timer modulel-14
TX clock 7-11
TXD signal8-4
TXH, TXM, TXL registers6-30

U

Unnormalized (U) big-14

\%

Vector Base Address register (VBA)3

W

Wait standby modé-5

Wakeup Mode Select (WAKE) b8-15
Wired-OR Mode Select (WOMS) b#-14
Word Length Control (WL) bit§-15
Word Select (WDS) bit8-16

X

X data memoryl-5, 3-3

X 1/O space3-4, 3-5

X Memory Address Bus (XAB}-10
X Memory Data Bus (XDB)-10

X Memory Expansion Bug-10
XTAL Disable (XTLD) bit 4-24

Y

Y data memoni-5, 3-4

Y Memory Address Bus (YAB}-10
Y Memory Data Bus (YDB)-10

Y Memory Expansion Bu&-10

Z

Zero (Z) bit4-14
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