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Preface

Thismanual contains the following sections and appendices.

SECTION 1—DSP56362 OVERVIEW

* Provides a brief description of the DSP56362, including a features list and block diagram.
Lists related documentation needed to use this chip and describes the organization of this
manual.

SECTION 2—SIGNAL/CONNECTION DESCRIPTIONS

» Describes the signals on the DSP56362 pins and how these signals are grouped into
interfaces.

SECTION 3—MEMORY CONFIGURATION

» Describes the DSP56362 memory spaces, RAM and ROM configuration, memory
configurations and their bit settings, and memory maps.

SECTION 4—CORE CONFIGURATION

» Describes the registers used to configure the DSP56300 core when programming the
DSP56362, in particular the interrupt vector locations and the operation of the interrupt
priority registers. Explains the operating modes and how they affect the processor’s
program and data memories.

SECTION 5—GENERAL PURPOSE INPUT/OUTPUT (GPIO)

» Describes the DSP56362 GPIO capability and the programming model for the GPIO
signals (operation, registers, and control).

SECTION 6—HOST INTERFACE (HDIO8)
» Describes the HDIO8, including a quick reference to the HDIO8 programming model.
SECTION 7—SERIAL HOST INTERFACE (SHI)

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

SECTION 8—ENHANCED SERIAL AUDIO INTERFACE (ESAI)

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

MOTOROLA About This Guide i



SECTION 9—TIMER/EVENT COUNTER MODULE
» Describes the internal timer/event counter devices.
SECTION 10—DIGITAL AUDIO TRANSMITTER (DAX)
» Describes the serial audio interface module that outputs digital audio data.
APPENDIX A—BOOTSTRAP PROGRAM
e Lists the bootstrap code used for the DSP56362.
APPENDIX B—EQUATES

» Lists the equates (I/0O, HDIO8, ESAI, SHI, DAX, Exception Processing, TEC, DMA, PLL,
BIU, and Interrupts) for the DSP56362.

APPENDIX C—BSDL LISTING
* Provides the BSDL listing for the DSP56362.
APPENDIX D—PROGRAMMING REFERENCE

» Lists peripheral addresses, interrupt addresses, and interrupt priorities for the DSP56362.
Contains programming sheets listing the contents of the major DSP56362 registers for
programmer reference.

Manual Conventions
The following conventions are used in this manual:

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

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

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

* The word “assert” means that a high true (active high) signal is pulled higk-tor\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 toA&. See .

i About This Guide MOTOROLA



High True/Low True Signal Conventions

Signal/Symbol Logic State Signal State Voltage
ml True Asserted C;round2
PIN False Deasserted Veed
PIN True Asserted Vee
PIN Fase Deasserted Ground

Note: 1. PIN isageneric termfor any pin on the chip.
2. Ground isan acceptable low voltage level. See the appropriate data sheet for the
range of acceptable low voltage levels (typically a TTL logic low).
3. V¢ isan 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) have the
following attributes:

— Intext, they have an overbar (e.g., RES&@sserted low).
— In code examples, they have a tilde in front of their names.
— In the following sample code listing, line 3 refers to the G8Ishown asSS0).

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

» Code examples are displayed in a monospaced font, as shown in .
Sample CodeListing

BFSET  #$0007,X:PCC; Configure: line1
; MISO0, MOSIO, SCKO for SPI master line2
; ~SS0 as PC3 for GPIO line3

» Hex values are indicated with a dollar sign ($) preceding the hex value, as follows:
$FFFFFF is the X memory address for the core interrupt priority register (IPR-C).

The word “reset” is used in four different contexts in this manual:
Reset signal — Written as “RESET
Reset instruction — Written as “RESET”

Reset operating state — Written as “Reset”

0N E

Reset function — Written as “reset”

MOTOROLA About This Guide iii
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SECTION 1
DSP56362 OVERVIEW

1.1 INTRODUCTION

This manual describes the DSP56362 24-hit digital signal processor (DSP), its memory,
operating modes, and peripheral modules. The DSP56362 is a member of the DSP56300
family of programmable CMOS DSPs. Changes in core functionality specific to the
DSP56362 are also described in this manual.

The DSP56362 is targeted to applications that require digital audio compression and
decompression, sound field processing, acoustic equalization, and other digital audio
agorithms.

This manual isintended to be used with the following publications:
e TheDSP56300 Family Manual (DSP56300FM/AD), which describes the CPU, core

programming models, and instruction set details.

* TheDSP56362 Technical Data Sheet (DSP56362/D), which provides electrical
specifications, timing, pinout, and packaging descriptions of the DSP56362.

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

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

1.2 DSP56362 CORE DESCRIPTION

The DSP56362 uses the DSP56300 core. The DSP56300 core is a high-performance, single
clock cycle per instruction engine that provides up to twice the performance of Motorola's
popular DSP56000 core family. The DSP56300 core retains code compatibility with the
DSP56000 core family.

The DSP56300 core family offers a new level of performance in speed and power, provided
by its rich instruction set and low power dissipation. This enables a new generation of

MOTOROLA DSP56362 1-1



wireless, telecommunications, and multimedia products. For a description of the DSP56300
core, see Section 1.4 DSP56300 Cor e Functional Blocks on page 1-4. Significant
architectural enhancements to the DSP56300 core family include a barrel shifter, 24-bit
addressing, an instruction cache, and direct memory access (DMA).

The DSP56300 core family members contain the DSP56300 core and additional modules. The
modules are chosen from alibrary of standard predesigned elements such as memories and
peripherals. New modules may be added to the library to meet customer specifications. A
standard interface between the DSP56300 core and the on-chip memory and peripheras
supports awide variety of memory and peripheral configurations. Refer to Section 3, Memory
Configuration for more information.

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

1.2.1 GENERAL FEATURES

e 120 million instructions per second (MIPS) with a 120-MHz clock at 3.3 V
* Object code compatible with the DSP56000 core

» Highly parallel instruction set

1.2.2 HARDWARE/SOFTWARE DEBUGGING SUPPORT

e On-Chip Emulation (OnCE™) module
» Joint Action Test Group (JTAG) test access port (TAP)

1.2.3 REDUCED POWER DISSIPATION

* Very low-power CMOS design
* Wait and stop low-power standby modes
* Fully-static logic, operation frequency down to 0 Hz (dc)

* Optimized power management circuitry (instruction-dependent, peripheral-dependent,
and mode-dependent)
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1.3 DSP56362 BLOCK DIAGRAM
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Figure 1-1 DSP56362 Block Diagram

Memory sizesin the block diagram are defaults. Memory can be partitioned differently,
according to the memory mode of the chip. See Section 1.4.8 On-Chip Memory on page 1-9

for more details about memory size.
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1.4 DSP56300 CORE FUNCTIONAL BLOCKS

The DSP56300 core provides the following functional blocks:

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

* Program control unit (PCU)

e Bus interface unit (BIU)

* DMA controller (with six channels)

* Instruction cache controller

* PLL-based clock oscillator

*  OnCE module

« JTAG TAP

«  Memory

In addition, the DSP56362 provides a set of on-chip peripherals, describestiam 1.5
DSP56362 Peripheral Overview on page 1-10.

1.4.1 DATA ALU

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

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

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

» Six Data ALU registers (A2, Al, A0, B2, B1, and B0) that are concatenated into two
general purpose, 56-bit accumulators (A and B), accumulator shifters

+ Two data bus shifter/limiter circuits
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1.4.1.1 Data ALU Registers

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

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

1.4.1.2 Multiplier-Accumulator (MAC)

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

The multiplier executes 24-bit x 24-hit, parallel, fractional multiplies, between

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

1.4.2 ADDRESS GENERATION UNIT (AGU)

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

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

A second full adder (called a modulo adder) adds the summed result of the first full adder to a
modulo value that is stored in its respective modifier register. A third full adder (called a
reverse-carry adder) is also provided.
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The offset adder and the reverse-carry adder are in parallel and share common inputs. The
only difference between them isthat 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 respective address register file
during one instruction cycle. The contents of the associated modifier register specifies the
type of arithmetic to be used in the address register update calculation. The modifier valueis
decoded in the Address ALU.

1.4.3 PROGRAM CONTROL UNIT (PCU)

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

e Program decode controller (PDC)
* Program address generator (PAG)

e Program interrupt controller (PIC)

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

and NMYI), 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)
e On-chip instruction cache controller

* On-chip memory-expandable hardware stack

e Nested hardware DO loops

* Fast auto-return interrupts

The PCU implements its functions using the following registers:

e PC—program counter register

» SR—Status register
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LA—Ioop address register
LC—Ioop counter register
VBA—vector base address register
SZ—stack size register

SP—stack pointer
OMR—operating mode register

SC—stack counter register

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

1.4.4

INTERNAL BUSES

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

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

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

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

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

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

Program address bus (PAB) for carrying program memory addresses throughout the
core

X memory address bus (XAB) for carrying X memory addresses throughout the core

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

All internal buses on the DSP56300 family members are 24-bit buseBSighee 1-1
DSP56362 Block Diagram on page 1-3.
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1.4.5 DIRECT MEMORY ACCESS (DMA)

The DMA block has the following features:

» Six DMA channels supporting internal and external accesses
e One-, two-, and three-dimensional transfers (including circular buffering)
* End-of-block-transfer interrupts

« Triggering from interrupt lines and all peripherals

1.4.6 PLL-BASED CLOCK OSCILLATOR

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

* Allows change of low-power divide factor (DF) without loss of lock

* Provides output clock with skew elimination

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

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

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

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

1.4.7 JTAG TAP AND ONCE MODULE

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

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

1.4.8 ON-CHIP MEMORY

The memory space of the DSP56300 core is partitioned into program memory space,

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

Table 1-1 describes program RAM, instruction cache, X data RAM, and Y data RAM
memory sizes, which are programmabl e;

Table 1-1 On-Chip Memory

Insct;léﬁtéon Switch Mode | Program RAM Size Instructsiigz Cache X Data RAM Size Y Data RAM Size
disabled disabled 3K x 24-bit 0 5.5K x 24-bit 5.5K x 24-bit
enabled disabled 2K x 24-hit 1K x 24-bit 5.5K x 24-bit 5.5K x 24-hit
disabled enabled 5K x 24-hit 0 5.5K x 24-bit 3.5K x 24-hit
enabled enabled 4K x 24-hit 1K x 24-hit 5.5K x 24-bit 3.5K x 24-bit

Thereis an instruction cache, made using program RAM. The patch mode (which uses
instruction cache space) is used to patch program ROM. The memory switch mode is used to
increase the size of program RAM as needed (at the expense of Y data RAM).

There are on-chip ROMs for program memory (30K x 24-hit), bootstrap memory (192 words
X 24-bit), X data memory (6K x 24-bit), and Y data memory (6K x 24-bit).
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More information on the internal memory is provided in Section 3, Memory Configuration
on page 3-1.

1.4.9 OFF-CHIP MEMORY EXPANSION

Memory can be expanded off-chip as follows:
« Data memory can be expanded to two 1& B¥-bit word memory spaces in 24-bit
address mode (64K in 16-bit address mode).

* Program memory can be expanded to one »62-bit word memory space in 24-bit
address mode (64K in 16-bit address mode).

Other features of external memory expansion include the following:

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

» Eighteen external address lines

1.5 DSP56362 PERIPHERAL OVERVIEW

The DSP56362 is designed to perform a wide variety of fixed-point digital signal processing
functions. In addition to the core features previously discussed, the DSP56362 provides the
following peripherals:

» 8-bit parallel host interface (HDI08, with DMA support) to external hosts

* As many as 31 user-configurable general purpose input/output (GPIO) signals

» Timer/event counter (TEC) module, containing three independent timers

* Memory switch mode in on-chip memory

» Four external interrupt/mode control lines and one external non-maskable interrupt
line

* Enhanced serial audio interface (ESAI) with up to four receivers and up to six
transmitters, master or slave, using e Sony, AC97, network, and other
programmable protocols
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» Serial host interface (SHI) using SPI ard protocols, with multi-master capability,
10-word receive FIFO, and support for 8-, 16-, and 24-bit words

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

1.5.1 HOST INTERFACE (HDI08)

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

The DSP core treats the HDIO8 as a memory-mapped peripheral, using either standard polled
or interrupt programming techniques. Separate transmit and receive data registers are
double-buffered to allow the DSP and host processor to efficiently transfer data at high speed.
Memory mapping allows DSP core communication with the HDIOS8 registers to be
accomplished using standard instructions and addressing modes.

Since the host bus may operate asynchronously with the DSP core clock, the HDIO8 registers
are divided into 2 banks. The “host side” bank is accessible to the external host, and the “DSP
side” bank is accessible to the DSP core.

The HDIO8 supports the following three classes of interfaces:

* Host processor/MCU connection

» DMA controller

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

For more information on the HDIO08, see Section 6, Host Interface (HDIO8)

1.5.2 GENERAL PURPOSE INPUT/OUTPUT (GPIO)

The GPIO port consists of as many as 31 programmable signals, all of which are also used by
the peripherals (HDI08, ESAI, DAX, and TEC). There are no dedicated GPIO signals. The
signals are configured as GPIO after hardware reset. Register programming techniques for all
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GPIO functionality among these interfaces are very similar. For more information on the
GPIO, see Section 5, General Purpose I nput/Output .

1.5.3 TIMER/EVENT COUNTER (TEC)

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

Timer 0 hasasingle signal that can be used asa GPIO or timer signal. Timer O can use
internal or external clocking. It can interrupt the DSP after a specified number of events
(clocks) or can signal an external device after counting internal events. Timer O connectsto
the external world through one bidirectional signal. Timer 1 and Timer 2 do not have direct
connection to the external world. When this signal is configured as an input, the TEC can
function as an external event counter or measure the external pulse width/signal period. When
the signal is used as an output, the TEC can function either as atimer, awatchdog, or a pulse
width modulator (PWM). For more information on the TEC, see Section 9, Timer/ Event
Counter .

1.54 ENHANCED SERIAL AUDIO INTERFACE (ESAI)

The ESAI provides a full-duplex serial port for serial communication with avariety of serial
devicesincluding one or more industry-standard codecs, other DSPs, microprocessors, and
peripherals that implement the Motorola SPI serial protocol. The ESAI consists of
independent transmitter and receiver sections, each with its own clock generator. It isa
superset of the DSP56300 family ESS| peripheral and of the DSP56000 family SAI
peripheral. For more information on the ESAI, see Section 8, Enhanced Serial AUDIO
Interface (ESAI) .

1.5.5 SERIAL HOST INTERFACE (SHI)

The SHI isaseria input/output interface providing a path for communication and
program/coefficient data transfers between the DSP and an external host processor. The SHI
can also communicate with other serial peripheral devices. The SHI can interface directly to
either of two well-known and widely used synchronous seria buses: the Motorola serial
peripheral interface (SPI) bus and the Philips inter-integrated-circuit control (I2C) bus. The
SHI supports either the SPI or 12C bus protocol, as required, from a dave or a single-master
device. To minimize DSP overhead, the SHI supports single-, double-, and triple-byte data
transfers. The SHI has a 10-word receive FIFO that permits receiving up to 30 bytes before
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generating areceive interrupt, reducing the overhead for data reception. For more information
on the SAI, see Section 7, Serial Host Interface.

1.5.6 DIGITAL AUDIO TRANSMITTER (DAX)

The DAX isaseria audio interface module that outputs digital audio datain the AES/EBU,
CP-340 and |EC958 formats. For more information on the DA X, see Section 10, Digital
Audio Transmitter .
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SECTION 2
SIGNAL/CONNECTION DESCRIPTIONS

2.1  SIGNAL GROUPINGS

Theinput and output signals of the DSP56362 are organized into functional groups, which are
listed in Table 2-1 and illustrated in Figure 2-1.

The DSP56362 is operated from a 3.3 V supply; however, some of theinputs cantolerate 5V.
A special notice for thisfeature is added to the signal descriptions of those inputs.

Table 2-1 DSP56362 Functional Signal Groupings

Functional Group Number of Signals Detailed Description
Power (Vo) 20 Table 2-2
Ground (GND) 19 Table 2-3
Clock and PLL 4 Table2-4
Address bus 18 Table 2-5
Port Al
Databus 24 Table 2-6
Bus control 11 Table 2-7
Interrupt and mode control 5 Table 2-8
HDIO08 Port B2 16 Table 2-9
SHI 5 Table 2-10
ESAI Port C3 12 Table 2-11
Digital audio transmitter (DAX) Port D# 2 Table 2-12
Timer 1 Table 2-13
JTAG/ONCE Port 6 Table 2-14
Note: 1. Port A isthe external memory interface port, including the external address bus, data bus, and
control signals.

2. Port B signals are the GPIO port signals which are multiplexed with the HD108 signals.

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

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

Notes: 1.
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Enhanced
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Digital Audio
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Timer 02

JTAG/OnC
E Port

Non-Multiplexe Multiplexed  Port B
d Bus Bus GPIO
HO-H7 HADO-HAD7 PBO0-PB7
HAO HAS/HAS PBS
HA1 HAS PB9
HA2 HA9 PB10
HCS/HCS HA10 PB13
Single DS Double DS
HRW HRD/HRD PB11
HDS/HDS HWR/HWR  PB12
Single HR Double HR
HOREQ/HOREQ HTRQ/HTRQ PB14
HACK/HACK HRRQ/HRRQ PB15
SPIMode  I°C Mode
MOSI HAO
SS HA2
MISO SDA
SCK SCL
HREQ HREQ
Port C GPIO
SCKR PCO
FSR PC1
HCKR PC2
SCKT PC3
FST PC4
HCKT PC5
SDO5/SDIO  PC6
SDO4/SDI1  PC7
SDO3/SDI2 PC8
SDO2/SDI3  PC9
SDO1 PC10
SDOO PC11
Port D GPIO
ACI PDO
ADO PD1
Timer GPIO
TIO0 TIO0
TCK
D
isle]
TMS
TRST
DE AA0601

The HDIO8 port supports a nonmultiplexed or a multiplexed bus, single or double data strobe (DS), and single or

double host request (HR) configurations. Since each of these modes is configured independently, any
combination of these modes is possible. These HDIO8 signals can also be configured alternately as GPI1O
signals (PBO—PB15). Signals with dual designations (e.g., HAS/HAS) have configurable polarity.

2. The ESAI signals are multiplexed with the port C GPIO signals (PCO-PC11). The DAX signals are multiplexed
with the Port D GPIO signals (PD0-PD1). The timer 0 signal can be configured alternately as the timer GPIO

signal (TI100).

Figure 2-1 Signals Identified by Functional Group
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Power

2.2 POWER

Table 2-2 Power Inputs

Power Name Description

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

VeeaL (4) Quiet Core (Low) Power—V ccq isan isolated power for the core processing logic. Thisinput must be tied
externally to all other chip power inputs. The user must provide adequate external decoupling capacitors. There are
four Veeq inputs.

Veegh (3) Quiet External (High) Power—V ccqn is @ quiet power source for I/O lines. This input must be tied externally to
all other chip power inputs. The user must provide adequate decoupling capacitors. There agg-Hjéeputs.

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

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

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

VeeH Host Power—V ccy is an isolated power for the HDIO8 I/O drivers. This input must be tied externally to all pther
chip power inputs. The user must provide adequate external decoupling capacitors. Thereig,anpu.

Vees (2) SHI, ESAI, DAX, and Timer Power—V g is an isolated power for the SHI, ESAI, DAX, and Timer I/O
drivers. This input must be tied externally to all other chip power inputs. The user must provide adequate gxternal
decoupling capacitors. There are twg¥ inputs.
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2.3 GROUND

Table 2-3 Grounds

Ground Name Description

GNDp PLL Ground—GNDp is a ground dedicated for PLL use. The connection should be provided with an extremely
low-impedance path to groundgcy¥p should be bypassed to GNDy a 0.47uF capacitor located as close as
possible to the chip package. There is one ghiihnection.

GNDp, PLL Ground 1—GNDg; is a ground dedicated for PLL use. The connection should be provided with an
extremely low-impedance path to ground. There is one gNbBnnection.

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

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

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

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

GNDy Host Ground—GNDy is an isolated ground for the HDIO8 /O drivers. This connection must be tied externglly to
all other chip ground connections. The user must provide adequate external decoupling capacitors. There|is one
GNDy connection.

GNDs(2) SHI, ESAI, DAX, and Timer Ground—GNDgis an isolated ground for the SHI, ESAI, DAX, and Timer 1/O
drivers. This connection must be tied externally to all other chip ground connections. The user must provide
adequate external decoupling capacitors. There are twos@bifthections.

Table 2-4 Clock and PLL Signals
Signal Type State during Reset Signal Description
Name yp 9 g p
EXTAL Input Input External Clock Input—An external clock source must be connected to EXTAL |n
order to supply the clock to the internal clock generator and PLL.
Thisinput cannot tolerate 5V.
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Signal/Connection Descriptions

External Memory Expansion Port (Port A)

Table 2-4 Clock and PLL Signals (Continued)

Signal
Name

Type

State during Reset

Signal Description

CLKOUT

Output

Chip-driven

Clock Output—CLKOUT provides an output clock synchronized to the internal
core clock phase.

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

If the PLL is disabled, the CLKOUT frequency is half the frequency of EXTAL.
CLKOUT is not functional at frequencies of 100 MHz and above.

PCAP

Input

Input

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

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

PINIT/NMI

Input

Input

PLL Initial/Non maskable Interrupt—During assertion of RESEThe 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 RESB#Esertion and
during normal instruction processing, the PINIT/NBthmitt-trigger input is a
negative-edge-triggered non maskable interrupt (NMI) request internally
synchronized to CLKOUT.

PINIT/NMI cannot tolerate 5 V.

2.5

EXTERNAL MEMORY EXPANSION PORT (PORT A)

When the DSP56362 enters a low-power standby mode (stop or wait), it releases bus
mastership and tri-states the relevant port A signals: AO-A17, D0-D23,
AAO/RASO-AA3/RAS3 RD, WR, BB, CAS

MOTOROLA
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Signal/Connection Descriptions

External Memory Expansion Port (Port A)

Table 2-5 External Address Bus Signals
Signal Name Type State during Reset Signal Description
AO0-A17 Output Tri-stated Address Bus—When the DSP is the bus master, AO-A17 are
active-high outputs that specify the address for external program and
data memory accesses. Otherwise, the signals are tri-stated. To
minimize power dissipation, AO—A17 do not change state when
external memory spaces are not being accessed.
Table 2-6 External Data Bus Signals
Signal Name Type State during Reset Signal Description
D0-D23 Input/Output Tri-stated Data Bus—When the DSP is the bus master, D0-D23 are
active-high, bidirectional input/outputs that provide the
bidirectional data bus for external program and data memory
accesses. Otherwise, D0-D23 are tri-stated.
Table 2-7 External Bus Control Signals
Signal Name Type State during Reset Signal Description
AAO-AA3/RA | Output Tri-stated Address Attribute or Row Address Strobe—When defined as AA, these
SO0-RAS3 signals can be used as chip selects or additional address lines. When defined as
RAS, these signals can be used as R&¢«DRAM interface. These signals arge
can be tri-stated outputs with programmable polarity.
CAS Output Tri-stated Column Address Strobe—When the DSP is the bus master, GA&n
active-low output used by DRAM to strobe the column address. Otherwisg, if
the bus mastership enable (BME) bit in the DRAM control register is cleafed,
the signal is tri-stated.
RD Output Tri-stated Read Enable—When the DSP is the bus master, RRn active-low output
that is asserted to read external memory on the data bus (D0-D23). Othefwise,
RD is tri-stated.
WR Output Tri-stated Write Enable—When the DSP is the bus master, \'8Rin active-low output
that is asserted to write external memory on the data bus (D0-D23).
Otherwise, the signals are tri-stated.
2-6 DSP56362 MOTOROLA
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External Memory Expansion Port (Port A)

Table 2-7 External Bus Control Signals (Continued)

Signal Name

Type

State during Reset

Signal Description

TA

Input

Ignored Input

Transfer Acknowledge—If the DSP56362 is the bus master and there is 1|
external bus activity, or the DSP56362 is not the bus master, thigpTAis
ignored. The TAinput is a data transfer acknowledge (DTACK) function th
can extend an external bus cycle indefinitely. Any number of wait states
(1, 2. . .infinity) may be added to the wait states inserted by the BCR by
keeping TAdeasserted. In typical operation, Adeasserted at the start of 4
bus cycle, is asserted to enable completion of the bus cycle, and is deas
before the next bus cycle. The current bus cycle completes one clock per
after TAis asserted synchronous to CLKOUT. The number of wait states
determined by the TAnput or by the bus control register (BCR), whichever,
longer. The BCR can be used to set the minimum number of wait states i
external bus cycles.

In order to use the TAunctionality, the BCR must be programmed to at leg
one wait state. A zero wait state access cannot be extended dgaBsertion,
otherwise improper operation may result. &n operate synchronously or
asynchronously, depending on the setting of the TAS bit in the operating
register (OMR).

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

o

;]
erted

iod

is

s

n

node

Output

Output
(deasserted)

Bus Request—BR is an active-low output, never tri-stated. BRasserted
when the DSP requests bus mastershipisBieasserted when the DSP no
longer needs the bus. BRay be asserted or deasserted independent of
whether the DSP56362 is a bus master or a bus slave. Bus “parking” allg
BR to be deasserted even though the DSP56362 is the bus master. (See|
description of bus “parking” in the B&ignal description.) The bus request
hold (BRH) bit in the BCR allows B be asserted under software control
even though the DSP does not need the buss Bpically sent to an external
bus arbitrator that controls the priority, parking, and tenure of each maste
the same external bus. BRonly affected by DSP requests for the external
bus, never for the internal bus. During hardware resetsBRasserted and th
arbitration is reset to the bus slave state.

Wws
the

ron

%

Input

Ignored Input

Bus Grant—BG is an active-low input. B is asserted by an external bus
arbitration circuit when the DSP56362 becomes the next bus master. Wh
BG is asserted, the DSP56362 must wait untili§Beasserted before taking
bus mastership. When Bi€deasserted, bus mastership is typically given u
the end of the current bus cycle. This may occur in the middle of an instru
that requires more than one external bus cycle for execution.

The default mode of operation of this signal requires a setup and hold tin
referred to CLKOUT. But CLKOUT operation is not guaranteed from

100MHz and up, so the asynchronous bus arbitration must be used for cl
frequencies 100MHz and above. The asynchronous bus arbitration is eng
by setting the ABE bit in the OMR register.

en

D at
ction

ock
bled
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Interrupt and Mode Control

Table 2-7 External Bus Control Signals (Continued)

Signal Name Type State during Reset Signal Description
BB Input/ Input Bus Busy—BB is a bidirectional active-low input/output. BBdicates that
Output the bus is active. Only after BB deasserted can the pending bus master

become the bus master (and then assert the signal again). The bus master may
keep BBasserted after ceasing bus activity regardless of whethés BR
asserted or deasserted. This is called “bus parking” and allows the current bus
master to reuse the bus without rearbitration until another device requires the
bus. The deassertion of B8done by an “active pull-up” method (i.e., BB
driven high and then released and held high by an external pull-up resist

=

).

The default mode of operation of this signal requires a setup and hold time
referred to CLKOUT. But CLKOUT operation is not guaranteed from
100MHz and up, so the asynchronous bus arbitration must be used for clock

frequencies 100MHz and above. The asynchronous bus arbitration is enabled
by setting the ABE bit in the OMR register.

BB requires an external pull-up resistor.

2.6 INTERRUPT AND MODE CONTROL

The interrupt and mode control signals select the chip’s operating mode as it comes out of
hardware reset. After RESH3 deasserted, these inputs are hardware interrupt request lines.

Table 2-8 Interrupt and Mode Control

Signal Name Type State during Reset Signal Description

MODA/IRQA Input Input Mode Select A/External Interrupt Request A—MODA/IRQA isan
active-low Schmitt-trigger input, internally synchronized to the DSP clock.
MODA/IRQA sdlectstheinitial chip operating mode during hardware reset
and becomes a level-sensitive or negative-edge-triggered, maskable
interrupt request input during normal instruction processing. MODA,
MODB, MODC, and MODD select one of 16 initial chip operating modes,
latched into the OMR when the RESET signal is deasserted. If IRQA is
asserted synchronous to CLKOUT, multiple processors can be
resynchronized using the WAIT instruction and asserting IRQA to exit the
wait state. If the processor isin the stop standby state and the MODA/IRQA
pinis pulled to GND, the processor will exit the stop state.

Thisinputis5V tolerant.

2-8 DSP56362 MOTOROLA
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Interrupt and Mode Control

Table 2-8 Interrupt and Mode Control (Continued)
Signal Name Type State during Reset Signal Description

MODB/IRQB Input Input Mode Select B/External Interrupt Request B-MODB/IRQB isan
active-low Schmitt-trigger input, internally synchronized to the DSP clock.
MODB/IRQB selects the initial chip operating mode during hardware reset
and becomes a level-sensitive or negative-edge-triggered, maskable
interrupt request input during normal instruction processing. MODA,
MODB, MODC, and MODD select one of 16 initial chip operating modes,
latched into OMR when the RESET signal is deasserted. 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.
Thisinputis5V tolerant.

MODC/IRQC Input Input Mode Select C/External Interrupt Request C-MODC/IRQC isan
active-low Schmitt-trigger input, internally synchronized to the DSP clock.
MODC/IRQC selectsthe initial chip operating mode during hardware reset
and becomes a level-sensitive or negative-edge-triggered, maskable
interrupt request input during normal instruction processing. MODA,
MODB, MODC, and MODD select one of 16 initial chip operating modes,
latched into OMR when the RESET signal is deasserted. If IRQC is
asserted synchronous to CLKOUT, mulltiple processors can be
resynchronized using the WAIT instruction and asserting IRQC to exit the
wait state.
Thisinputis5V tolerant.

MODD/IRQD Input Input Mode Select D/External Interrupt Request B-MODD/IRQD is an
active-low Schmitt-trigger input, internally synchronized to the DSP clock.
MODD/IRQD selects the initial chip operating mode during hardware rgset
and becomes a level-sensitive or negative-edge-triggered, maskable
interrupt request input during normal instruction processing. MODA,
MODB, MODC, and MODD select one of 16 initial chip operating modes,
latched into OMR when the RESEignal is deasserted. If IRQB
asserted synchronous to CLKOUT, multiple processors can be
resynchronized using the WAIT instruction and asserting IRQExit the
wait state.
This input is 5 V tolerant.

RESET Input Input Reset—RESET is an active-low, Schmitt-trigger input. When asserted, the
chipisplaced in thereset state and the internal phase generator isreset. The
Schmitt-trigger input allows aslowly rising input (such as a capacitor
charging) to reset the chip reliably. If RESET is deasserted synchronousto
CLKOUT, exact start-up timing is guaranteed, allowing multiple
processors to start synchronously and operate together in “lock-step.”
When the RESETFignal is deasserted, the initial chip operating mode ig
latched from the MODA, MODB, MODC, and MODD inputs. The RESET
signal must be asserted during power up. A stable EXTAL signal must be
supplied while RESETs being asserted.
This input is 5 V tolerant.

MOTOROLA DSP56362 2-9



Signal/Connection Descriptions

Host Interface (HDIO8)

2.7

HOST INTERFACE (HDI08)

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

2.7.1

HOST PORT CONFIGURATION

Signal functions associated with the HDI08 vary according to the interface operating mode as
determined by the HDI08 port control register (HPCR). See 6.5.6 Host Port Control
Register (HPCR) on page 6-13 for detailed descriptions of this register and (See Host
Interface (HDI08) on page Section 6-1.) for descriptions of the other HDIO8 configuration

registers.
Table 2-9 Host Interface
Signal Name Type State during Reset Signal Description
HO-H7 Input/ GPIO disconnected | Host Data—When the HDI08 is programmed to interface a
output nonmultiplexed host bus and the HI function is selected, these
signals are lines 0-7 of the bidirectional, tri-state data bus.
Host Address—When HDI08 is programmed to interface a
HADO-HAD7 Input/ multiplexed host bus and the HI function is selected, these signals
output are lines 0-7 of the address/data bidirectional, multiplexed, tri-§
bus.
Port B 0—-7—When the HDIO08 is configured as GPIO, these sign
PBO-PB7 are individually programmable as input, output, or internally
Input, output, or disconnected.
disconnected
The default state after reset for these signals is GPIO disconne
This input is 5 V tolerant.

tate

o

S

cted.
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Host Interface (HDIO8)

Table 2-9 Host Interface (Continued)

Signal Name

Type

State during Reset

Signal Description

HAO

HAY
HAS

PB8

Input

Input

Input, output, or
disconnected

GPIO disconnected

Host Address | nput 0—When the HDIO8 is programmed to
interface a nonmultiplexed host bus and the HI function is seleg
this signal is line 0 of the host address input bus.

Host Address Strobe—When HDI08 is programmed to interface a
multiplexed host bus and the HI function is selected, this signal is
the host address strobe (HAS) Schmitt-trigger input. The polarity of
the address strobe is programmabl e, but is configured active-low
(HAS) following reset.

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

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

ted,

.

HA1

HA8

PB9

Input

Input

Input, output, or
disconnected

GPIO disconnected

Host Address | nput 1—When the HDIO8 is programmed to
interface a nonmultiplexed host bus and the HI function is seleg
this signal is line 1 of the host address (HA1) input bus.

Host Address 8—When HDIO8 is programmed to interface a

multiplexed host bus and the HI function is selected, this signal|i

line 8 of the host address (HA8) input bus.

Port B 9—When the HDIO8 is configured as GPIO, this signal i
individually programmed as input, output, or internally
disconnected.

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

ted,

(.

HA2

HA9

PB10

Input

Input

Input, Output, or
Disconnected

GPIO disconnected

Host Address | nput 2—When the HDIO8 is programmed to
interface a non-multiplexed host bus and the HI function is seled
this signal is line 2 of the host address (HA2) input bus.

Host Address 9—When HDIO8 is programmed to interface a

multiplexed host bus and the HI function is selected, this signal|i

line 9 of the host address (HA9) input bus.

Port B 10—When the HDIO08 is configured as GPIO, this signal
individually programmed as input, output, or internally
disconnected.

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

ted,

(.
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Host Interface (HDIO8)

Table 2-9 Host Interface (Continued)

Signal Name

Type

State during Reset

Signal Description

HRW

HRD/
HRD

PB11

Input

Input

Input, Output, or
Disconnected

GPIO disconnected

Host Read/Write—When HDIO8 is programmed to interface a
single-data-strobe host bus and the HI function is selected, this
signal is the Host Read/WritelRW) input.

Host Read Data—When HDIO8 is programmed to interface a
double-data-strobe host bus and the HI function is selected, thi
signal is the host read data strobe (HRD) Schmitt-trigger input.
polarity of the data strobe is programmable, but is configured a:
active-low (HRD) after reset.

Port B 11—When the HDIO8 is configured as GPIO, this signal
individually programmed as input, output, or internally
disconnected.

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

b

The

(.

HDSY
HDS

HWR/
HWR

PB12

Input

Input

Input, output, or
disconnected

GPIO disconnected

Host Data Strobe—When HDI08 is programmed to interface a
single-data-strobe host bus and the HI function is selected, this
signal isthe host data strobe (HDS) Schmitt-trigger input. The
polarity of the data strobe is programmable, but is configured as
active-low (HDS) following reset.

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

Port B 12—When the HDIO08 is configured as GPIO, this signal
individually programmed as input, output, or internally
disconnected.

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

d as

(.

HCS

HA10

PB13

Input

Input

Input, output, or
disconnected

GPIO disconnected

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

Host Address 16—When HDIO8 is programmed to interface a

multiplexed host bus and the HI function is selected, this signal|i

line 10 of the host address (HA10) input bus.

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

The default state after reset for this signal is GPIO disconnecte

This input is 5 V tolerant.

[

(.
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Host Interface (HDIO8)

Table 2-9 Host Interface (Continued)

Signal Name

Type

State during Reset

Signal Description

HOREQ/HOR
EQ

HTRQ/
HTRQ

PB14

Output

Output

Input, output, or
disconnected

GPIO disconnected

Host Request—When HDIO8 is programmed to interface a single

host request host bus and the HI function is selected, this signd
the host request (HOREQ) output. The polarity of the host requg
programmable, but is configured as active-low (HOREQowing
reset. The host request may be programmed as a driven or
open-drain output.

Transmit Host Request—When HDI08 is programmed to
interface a double host request host bus and the HI functionis
selected, thissignal isthe transmit host request (HTRQ) output. The
polarity of the host request is programmable, but is configured as
active-low (HTRQ) following reset. The host request may be
programmed as a driven or open-drain output.

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

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

This input is 5 V tolerant.

HACK/
HACK

HRRQY
HRRQ

PB15

Input

Output

Input, output, or
disconnected

GPIO disconnected

Host Acknowledge—When HDIO8 is programmed to interface a

single host request host bus and the HI function is selected, this
signal is the host acknowledge (HACK) Schmitt-trigger input. The

polarity of the host acknowledge is programmable, but is configy
as active-low (HACK after reset.

Receive Host Request—When HDIO8 is programmed to interface

lis
stis

[

ed

=

a double host request host bus and the HI function is selected, this

signal is the receive host request (HRRQ) output. The polarity of
host request is programmable, but is configured as active-low
(HRRQ) after reset. The host request may be programmed as 4
driven or open-drain output.

Port B 15—When the HDIO8 is configured as GPIO, this signal
individually programmed as input, output, or internally
disconnected.

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

This input is 5 V tolerant.

the

[
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Serial Host Interface

2.8

SERIAL HOST INTERFACE

The SHI hasfive 1/O signals that can be configured to alow the SHI to operate in either SPI or

12C mode.

Table 2-10 Serial Host Interface Signals

Signal Name

Signal Type

State during
Reset

Signal Description

SCK

SCL

Input or output

Input or output

Tri-stated

SPI Serial Clock—The SCK signal is an output when the SPI is
configured as a master and a Schmitt-trigger input when the SPI ig
configured as a slave. When the SPI is configured as a master, the|

SCK

signal is derived from the internal SHI clock generator. When the SPI is

configured as a slave, the SCK signal is an input, and the clock sig
from the external master synchronizes the data transfer. The SCK
signal is ignored by the SPI if it is defined as a slave and the slave|
select (S¥signal is not asserted. In both the master and slave SPI

nal

devices, data is shifted on one edge of the SCK signal and is sampled

on the opposite edge where data is stable. Edge polarity is determ
by the SPI transfer protocol.

12C Serial Clock—SCL carries the clock foPC bus transactions in

the C mode. SCL is a Schmitt-trigger input when configured as a
slave and an open-drain output when configured as a master. SCL
should be connected ta-¢ through a pull-up resistor.

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

This input is 5 V tolerant.

MISO

SDA

Input or output

Input or
open-drain output

Tri-stated

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

12C Data and Acknowledge—In 12C mode, SDA is a Schmitt-trigger
input when receiving and an open-drain output when transmitting. 3
should be connected ta¥ through a pull-up resistor. SDA carries th

data for £C transactions. The data in SDA must be stable during th
high period of SCL. The data in SDA is only allowed to change wh
SCL is low. When the bus is free, SDA is high. The SDA line is on
allowed to change during the time SCL is high in the case of start
stop events. A high-to-low transition of the SDA line while SCL is hi
is a unique situation, and is defined as the start event. A low-to-hig
transition of SDA while SCL is high is a unique situation defined as
stop event.

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

This input is 5 V tolerant.
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Table 2-10 Serial Host Interface Signals (Continued)

Signal Name

Signal Type

Stateduring
Reset

Signal Description

MOSI

HAO

Input or output

Input

Tri-stated

SPI Master-Out-Slave-ln—When the SPI is configured as a maste
MOSI is the master data output line. The MOSI signal is used in

conjunction with the MISO signal for transmitting and receiving ser
data. MOSI is the slave data input line when the SPI is configured
slave. This signal is a Schmitt-trigger input when configured for the
SPI Slave mode.

12C Slave Address 0—This signal uses a Schmitt-trigger input whery

configured for thedC mode. When configured fof@ slave mode, the
HAO signal is used to form the slave device address. HAQ is ignorg

when configured for thé’C master mode.

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

This input is 5 V tolerant.

HA2

Input

Input

Tri-stated

SPI Slave Select—This signal is an active low Schmitt-trigger input
when configured for the SPI mode. When configured for the SPI S
mode, this signal is used to enable the SPI slave for transfer. Whe
configured for the SPI master mode, this signal should be kept
deasserted (pulled high). If it is asserted while configured as SPI
master, a bus error condition is flagged. [fiS8easserted, the SHI
ignores SCK clocks and keeps the MISO output signal in the
high-impedance state.

12C Slave Address 2—This signal uses a Schmitt-trigger input whery

configured for the3C mode. When configured for théd Slave mode,
the HA2 signal is used to form the slave device address. HA2 is ign

in the C master mode.

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

This input is 5 V tolerant.

ial
as a

o

set.

ave

pred

set.

Input or Output

Tri-stated

Host Request—This signal is an active low Schmitt-trigger input whe
configured for the master mode but an active low output when
configured for the slave mode.

When configured for the slave mode, HREBQsserted to indicate tha
the SHI is ready for the next data word transfer and deasserted at
first clock pulse of the new data word transfer. When configured for
master mode, HRE®@ an input. When asserted by the external slay
device, it will trigger the start of the data word transfer by the mast
After finishing the data word transfer, the master will await the nex
assertion of HREQo proceed to the next transfer.

This signal is tri-stated during hardware, software, personal reset,
when the HREQ1-HREQO bits in the HCSR are cleared. There is
need for external pull-up in this state.

This input is 5 V tolerant.
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2.9

ENHANCED SERIAL AUDIO INTERFACE

Table 2-11 Enhanced Serial Audio Interface Signals

Signal
Name

Signal Type

State during Reset

Signal Description

HCKR

Input or output

Input, output, or
disconnected

GPIO disconnected

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

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.

iver

tput,
ernal
k.

ed.

HCKT

PC5

Input or output

Input, output, or
disconnected

GPIO disconnected

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

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.

Al
ed as
£.9.,

ed.

FSR

PC1

Input or output

Input, output, or
disconnected

GPIO disconnected

Frame Syncfor Receiver—This is the receiver frame sync input/outp
signal. In the asynchronous mode (SYN=0), the FSR pin operates 3
frame sync input or output used by all the enabled receivers. In the
synchronous mode (SYN=1), it operates as either the serial flag 1
(TEBE=0), or as the transmitter external buffer enable control
(TEBE=1, RFSD=1).

When this pin is configured as serial flag pin, its direction is determi
by the RFSD bit in the RCCR register. When configured as the outy
flag OF1, this pin will reflect the value of the OF1 bit in the SAICR

register, and the data in the OF1 bit will show up at the pin synchron|
to the frame sync in normal mode or the slot in network mode. Whe
configured as the input flag IF1, the data value at the pin will be sto
in the IF1 bit in the SAISR register, synchronized by the frame syng
normal mode or the slot in network mode.

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.
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Signal/Connection Descriptions

Enhanced Serial Audio Interface

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

Signal
Name

Signal Type

State during Reset

Signal Description

FST

PC4

Input or output

Input, output, or
disconnected

GPIO disconnected

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

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.

S5yNnc
5 the
the
ck

ed.

SCKR

PCO

Input or output

Input, output, or
disconnected

GPIO disconnected

Receiver Serial Clock—SCKR provides the receiver serial bit clock for

the ESAL. The SCKR operates as a clock input or output used by al

| the

enabled receivers in the asynchronous mode (SYN=0), or as serial flag 0

pin in the synchronous mode (SYN=1).

When this pin is configured as serial flag pin, its direction is determi
by the RCKD bit in the RCCR register. When configured as the out
flag OFO, this pin will reflect the value of the OFO bit in the SAICR

register, and the data in the OFO bit will show up at the pin synchron

to the frame sync in normal mode or the slot in network mode. When

hed
put

zed

configured as the input flag IF0, the data value at the pin will be stored

in the IFO bit in the SAISR register, synchronized by the frame synd
normal mode or the slot in network mode.

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.

in

ed.

SCKT

PC3

Input or output

Input, output, or
disconnected

GPIO disconnected

Transmitter Serial Clock—This signal provides the serial bit rate

clock for the ESAI. SCKT is a clock input or output used by all enabled

transmitters and receivers in synchronous mode, or by all enabled
transmitters in asynchronous mode.

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

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.

ed.
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Enhanced Serial Audio Interface

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

Signal Signal Type State during Reset Signal Description
Name
SDO5 Output GPIO disconnected Serial Data Output 5—When programmed as a transmitter, SDO5 i
used to transmit data from the TX5 serial transmit shift register.
Serial Data Input 0—When programmed as a receiver, SDIO is used to
SDIO Input receive serial data into the RXO serial receive shift register.
Port C 6—When the ESAI is configured as GPIO, this signal is
individually programmable as input, output, or internally disconnected.
PC6 Input, output, or
disconnected The default state after reset is GPIO disconnected.
This input is 5 V tolerant.
SDO4 Qutput GPIO disconnected | Serial Data Output 4—When programmed as a transmitter, SDO4 i$
used to transmit data from the TX4 serial transmit shift register.
Serial Data Input 1—When programmed as a receiver, SDI1 is used to
SDI1 Input receive serial data into the RX1 serial receive shift register.
Port C 7—When the ESAI is configured as GPIO, this signal is
individually programmable as input, output, or internally disconnected.
PC7 Input, output, or
disconnected The default state after reset is GPIO disconnected.
This input is 5 V tolerant.
SDO3 Output GPIO disconnected | Serial Data Output 3—When programmed as a transmitter, SDO3 i
used to transmit data from the TX3 serial transmit shift register.
Serial Data Input 2—When programmed as a receiver, SDI2 is used to
SDI2 Input receive serial data into the RX2 serial receive shift register.
Port C 8—When the ESAI is configured as GPIO, this signal is
individually programmable as input, output, or internally disconnected.
PC8 Input, output, or
disconnected The default state after reset is GPIO disconnected.
This input is 5 V tolerant.
SDO2 Output GPIO disconnected | Serial Data Output 2—When programmed as a transmitter, SDO2 i
used to transmit data from the TX2 serial transmit shift register.
Serial Data Input 3—When programmed as a receiver, SDI3 is used to
SDI3 Input receive serial data into the RX3 serial receive shift register.
Port C 9—When the ESAI is configured as GPIO, this signal is
individually programmable as input, output, or internally disconnected.
PC9 Input, output, or

disconnected

The default state after reset is GPIO disconnected.

This input is 5 V tolerant.
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Enhanced Serial Audio Interface

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

ed.

ed.

Signal Signal Type State during Reset Signal Description
Name
SDO1 Output GPIO disconnected Serial Data Output 1—SDOL1 is used to transmit data from the TX1
serial transmit shift register.
PC10 Input, output, or Port C 10—When the ESAI is configured as GPIO, this signal is
disconnected individually programmable as input, output, or internally disconnect
The default state after reset is GPIO disconnected.
This input is 5 V tolerant.
SDOO0 Qutput GPIO disconnected | Serial Data Output 0—SDOOQO is used to transmit data from the TX0
serial transmit shift register.
PC11 Input, output, or Port C 11—When the ESAI is configured as GPIO, this signal is
disconnected individually programmable as input, output, or internally disconnect
The default state after reset is GPIO disconnected.
This input is 5 V tolerant.
MOTOROLA DSP56362 2-19
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Digital Audio Interface (DAX)

2.10

DIGITAL AUDIO INTERFACE (DAX)

Table 2-12 Digital Audio Interface (DAX) Signals

disconnected

The default state after reset is GPIO disconnected.

This inputis 5 V tolerant.

2.11

TIMER

Table 2-13 Timer Signal

Signal State During ) N
Name Type Reset Signal Description
ACI Input Disconnected Audio Clock Input—This is the DAX clock input. When programmed to use
an external clock, this input supplies the DAX clock. The external clock
frequency must be 256, 384, or 512 times the audio sampling frequency (256
x Fs, 384x Fs or 512 Fs, respectively).
Port D 0—When the DAX is configured as GPIO, this signal is individually
PDO Input, programmable as input, output, or internally disconnected.
output, or
disconnected The default state after reset is GPIO disconnected.
This inputis 5 V tolerant.
ADO Output Disconnected Digital Audio Data Output—This signal is an audio and non-audio output|in
the form of AES/EBU, CP340 and IEC958 data in a biphase mark format.
Port D 1—When the DAX is configured as GPIO, this signal is individually
PD1 Input, programmable as input, output, or internally disconnected.
output, or

Signal Name

Type State during Reset Signal Description

TIOO

Input or Output

Input

Timer 0 Schmitt-Trigger |nput/Output—When timer 0
functions as an external event counter or in measurement mo
TIOO is used as input. When timer 0 functions in watchdog, tin
or pulse modulation mode, TIOO is used as output.

The default mode after reset is GPIO input. This can be chang
output or configured as a timer input/output through the timer

control/status register (TCSRO). If TIOO is not being used, it is
recommended to either define it as GPIO output immediately

the beginning of operation or leave it defined as GPIO input b
connected it to Vcc through a pull-up resistor in order to ensu

stable logic level at the input.

This input is 5 V tolerant.

2d to
D
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JTAG/ONnCE Interface

2.12 JTAG/OnCE INTERFACE

Table 2-14 JTAG/OnCE™ |nterface

Signal
Name

Type

State
during
Reset

Signal Description

TCK

Input

Input

Test Clock—TCK is a test clock input signal used to synchronize the JTAG test logic. |
an internal pull-up resistor.

This input is 5 V tolerant.

TDI

Input

Input

Test Data Input—TDlI is a test data serial input signal used for test instructions and da
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—TDO is a test data serial output signal used for test instructions an
data. TDO can be tri-stated and is actively driven in the shift-IR and shift-DR controlle
states. TDO changes on the falling edge of TCK.

T™MS

Input

Input

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

This input is 5 V tolerant.

has

ta.

b

TRST

Input

Input

Test Reset—TRST is an active-low Schmitt-trigger input signal used to asynchronously
initialize the test controller. TRSAas an internal pull-up resistor.

The use of TRSTs not recommended for new designs. It is recommended to leave TR
disconnected.

This input is 5 V tolerant.

ST

Input/
Output

Input

Debug Event—DE is an open-drain, bidirectional, active-low signal providing, as an in
a means of entering the debug mode of operation from an external command controllg
as an output, a means of acknowledging that the chip has entered the debug mode. T|
signal, when asserted as an input, causes the DSP56300 core to finish the current ins|
being executed, save the instruction pipeline information, enter the debug mode, and

commands to be entered from the debug serial input line. This signal is asserted as ar
for three clock cycles when the chip enters the debug mode as a result of a debug req
as a result of meeting a breakpoint condition. ThenBE&an internal pull-up resistor.

This is not a standard part of the JTAG TAP controller. The signal connects directly tg
OnCE module to initiate debug mode directly or to provide a direct external indication
the chip has entered the debug mode. All other interface with the OnCE module must
through the JTAG port.

The use of DEs not recommended for new designs. It is recommended to leave DE
disconnected.

This input isnot 5 V tolerant.
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SECTION 3
MEMORY CONFIGURATION

3.1 MEMORY SPACES

The DSP56362 provides the following three independent memory spaces:

1. Program
2. X data
3. Y data

By default, each memory space uses 18 external address lines for addressing, allowing access
to 256K of external memory when using the SRAM operating mode, and 16 M when using the
DRAM operating mode. Program and data word length is 24 bits, and internal memory uses
24-bit addressing.

The DSP56362 provides a 16-bit compatibility mode that effectively uses 16-bit addressing
for each memory space, allowing access to 64K of memory for each. This mode puts zerosin
the most significant byte of the usual (24-bit) program and data word and ignores the zeroed
byte, thus effectively using 16-bit program and data words. The 16-bit Compatibility mode
alows the DSP56362 to use 56000 object code without change (thus minimizing system cost
for applications that use the smaller address space). See the DSP56300 Family Manual for
more details.

3.1.1 PROGRAM MEMORY SPACE

Program memory space consists of the following:
e Internal program memory, consisting of program RAM, 3K by default, and program
ROM, 30K x 24-bit
* Bootstrap program ROM (192 x 24-bit)

* (Optionally) Off-chip memory expansion—as much as 1 M when using SRAM
operating mode in 24-bit mode, and 16 M when using DRAM operating mode in
24-bit mode. In 16-bit mode, just 64K may be addressed.
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Memory Spaces

* (Optionally) Instruction cache (1K) formed from program RAM

3.1.1.1 Program RAM

The on-chip program RAM consists of 24-bit wide, high-speed, internal static RAM
occupying the lowest 3K (default), 2K, 4K, or 5K locations in the program memory space
(depending on the settings of the MS and CE bits). The program RAM default organization is
12 banks of 256 24-bit words (3K). The upper eight banks of Y data RAM can be configured
as program RAM by setting the MS bit. When the CE is set, the upper 1K of program RAM is
used as an internal instruction cache.

CAUTION

The contents of program RAM are unaffected by toggling the MS bit. The
location of program data placed in the program RAM/instruction cache
area changes after the MS bit is toggled, because the cache always
occupies the topmost 1K program RAM addresses. To preserve program
integrity, do not set or clear the MS bit when the CE bit is set. See
Section 3.5 for the correct procedure.

3.1.1.2 Program ROM

The program ROM contains customer-supplied code. For further information on supplying
code for a customized DSP56362 program ROM, please contact your Motorola regional sales
office.

The last 128 words ($FF8780-$FF87FF) of the program ROM are reserved for Motorola use.
This memory area is reserved for use as expansion area for the bootstrap ROM as well as for
testing purposes. Customer code should not use this area. The contents of this program ROM
segment is defined by the bootstrap ROM source code in Appendix A.1.

3.1.1.3 Bootstrap ROM

The bootstrap code is accessed at addresses $FF0000 to $FFFOBF (192 words) in program
memory space. The bootstrap ROM is factory-programmed to perform the bootstrap operation
following hardware reset. The bootstrap ROM can not be accessed in 16-bit address
compatibility mode. See Appendix A for a complete listing of the bootstrap code.

3.1.1.4 Reserved Program Memory Locations
Program memory space at locations $FFO0CO to $FFOFFF and $FF8800 to $FFFFFF is
reserved and should not be accessed.
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Memory Spaces

3.1.2 DATA MEMORY SPACES

Data memory space is divided into X datamemory and Y data memory to match the natural
partitioning of DSP algorithms. The data memory partitioning allows the DSP56362 to feed
two operands to the Data ALU simultaneously, enabling it to perform a multiply-accumulate
operation in one clock cycle.

X and Y data memory space are similar in structure and functionality, but there are two
differences between them. First, part of Y data RAM may be switched over to program RAM,
while X data RAM isfixed in size. Second, the upper 128 words of each space are reserved
for different uses. The upper 128 words of X data memory are reserved for internal 1/O. Itis
suggested that the programmer reserve the upper 128 words of Y data memory for external
[/O. (For more information, refer to Sections 3.1.2.1 X Data Memory Space on page 3-3 and
3.1.2.3Y Data Memory Space on page 3-4.)

X and Y data memory space each consist of the following:

e Internal data RAM memory (X data RAM (5.5K), and Y data RAM (default size is
5.5K, but 2K of Y data RAM can be switched to program RAM)

e Internal data ROM Memory (6K in size for each of X and Y data memory)

* (Optionally) Off-chip memory expansion (up to 256K in the 24-bit address mode and
64K in the 16-bit address mode).

The X and Y data ROMs contain customer-supplied code. For further information on
supplying code for a customized DSP56362 program ROM, please contact your Motorola
regional sales office.

3.1.2.1 X Data Memory Space

The on-chip peripheral registers and some of the DSP56362 core registers occupy the top 128
locations of X data memory ($FFFF80-$FFFFFF in the 24-bit address mode or
$FF80-$FFFF in the 16-bit address mode). This area is called X-1/0 space, and it can be
accessed by MOVE and MOVEP instructions and by bit oriented instructions (BCHG, BCLR,
BSET, BTST, BRCLR, BRSET, BSCLR, BSSET, JCLR, JSET, JSCLR, and JSSET). For a
listing of the contents of this area, refer to the programming sheets in Appendix D for more
information.

The X memory space at locations $001600 to $001FFF and from $FF0000 to $FFEFFF is
reserved and should not be accessed.
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3.1.2.2 X Data RAM

The on-chip X data RAM consists of 24-bit wide, high-speed, internal static RAM occupying
5.5K locations in the X memory space. The X data RAM organization is 22 banks of 256
24-bit words.

3.1.2.3 Y Data Memory Space

The off-chip peripheral registers should be mapped into the top 128 locations of Y data

memory ($FFFF80-$FFFFFF in the 24-bit address mode or $FF80-$FFFF in the 16-bit
address mode) to take advantage of the move peripheral data (MOVEP) instruction and the bit
oriented instructions (BCHG, BCLR, BSET, BTST, BRCLR, BRSET, BSCLR, BSSET,

JCLR, JSET, JSCLR, and JSSET).

The Y memory space at locations $001600 to $001FFF (if MS = 0) or $000E00 to $001FFF
(if MS = 1) and from $FF0000 to $FFEFFF is reserved and should not be accessed.

3.1.24 Y Data RAM

The on-chip Y data RAM consists of 24-bit wide, high-speed, internal static RAM occupying
5.5K (default) or 3.5K locations in the Y memory space. The size of the Y data RAM is
dependent on the setting of the MS bit (default: MS is cleared). The Y data RAM default
organization is 22 banks of 256 24-bit words. Eight banks of RAM may be switched from the
Y data RAM to the program RAM by setting the MS bit (leaving 3.5K of Y data RAM).

3.2 MEMORY SPACE CONFIGURATION

Memory space addressing is for 24-bit words by default. The DSP56362 switches to 16-bit
address compatibility mode by setting the 16-bit compatibility (SC) bit in the SR.

Table 3-1 Memory Space Configuration Bit Settings for the DSP56362

Cleared = 0 Effect

Bit Abbreviation Bit Name Bit L ocation (Default) Set = 1 Effect
SC 16-bit Compatibility SR 13 16 Mword address 64 K word address
space (24-hit word) space (16-hit word)

Accessible external memory in the 24-bit mode is limited to a maximum of 1 M when using
the SRAM operating mode and to 16 M when using the DRAM operating mode.

Memory maps for the different configurations are showigur e 3-1 through Figure 3-8.
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3.3 INTERNAL MEMORY CONFIGURATION

The following subsections discuss the internal memory configuration of the DSP56362. The
size and location configurations for RAM and ROM for the DSP56362 are provided in the
following sections.

3.3.1 RAM CONFIGURATION BITS

RAM configuration depends on three bits. the cache enable (CE) of the SR, the patch enable
(PEN) of the OMR, and the memory select (MS) of the OMR. RAM configuration bit settings
are shown in Table 3-2.

Table 3-2 RAM Configuration Bit Settings for the DSP56362

Cleared = 0 Effect

Bit Abbreviation Bit Name Bit Location (Default) Set = 1 Effect
CE Cache enable SR 19 Cache disabled Cache enabled
1K
PEN Patch enable OMR 23 Patch disabled If CE = 1, Patch enabled?,

if CE =0, Patch disabled

MS Memory switch OMR7 Program RAM 3K Program RAM 5K

X dataRAM 5.5k X dataRAM 5.5K

Y dataRAM 5.5k Y dataRAM 3.5K

Note:  The Patch can only be enabled if the cache has already been enabled, because the patch is made of
part of the cache. The amount of cache memory allocated to the patch is user-definable.
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3.3.2 SIZE CONFIGURATIONS

The RAM and ROM size configurations for the DSP56362 are listed in Table 3-3. Memory
maps for the different configurations are shown in Figure 3-1 to Figure 3-8.

Table 3-3 Internal Memory Size Configurations
Bit Settings Memory Sizes (24-bit wor ds)
CE MS sc Prog. Prog. Prog. Boot X Data Y Data X Data Y Data
RAM Cache ROM ROM RAM RAM ROM ROM
0 0 0 3K — 30K 192 5.5K 5.5K 6K 6K
1 0 0 2K 1K 30K 192 5.5K 5.5K 6K 6K
0 1 0 5K — 30K 192 5.5K 3.5K 6K 6K
1 1 0 4K 1K 30K 192 5.5K 3.5K 6K 6K
0 0 1 3K — — — 5.5K 5.5K 6K 6K
1 0 1 2K 1K — — 5.5K 5.5K 6K 6K
0 1 1 5K — — — 5.5K 3.5K 6K 6K
1 1 1 4K 1K — — 5.5K 3.5K 6K 6K
3.3.3 RAM LOCATIONS

The actual memory locations for program RAM, instruction cache, and Y data RAM in their
own memory space are determined by the MS bit. The memory location of X dataRAM is
independent of the M S bit. The addresses of the different RAMs are listed inTable 3-4.

Table 3-4 RAM Memory Locations

Bit Settings RAM Memory L ocations
CE MS Program RAM Instruction Cache X Data RAM Y Data RAM
0 0 $0000-$0BFF — $0000-$15FF $0000-$15FF
1 0 $0000-$07FF $0800-$0BFF $0000-$15FF $0000-$15FF
0 1 $0000-$13FF — $0000-$15FF $0000-$0DFF
1 1 $0000-$0FFF $1000-$13FF $0000-$15FF $0000-$0DFF
0 0 $0000-$0BFF — $0000-$15FF $0000-$15FF

DSP56362
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Table 3-4 RAM Memory Locations
Bit Settings RAM Memory L ocations
CE MS Program RAM Instruction Cache X Data RAM Y Data RAM
1 0 $0000-$07FF $0800-$0BFF $0000-$15FF $0000-$15FF
0 1 $0000-$13FF — $0000-$15FF $0000-$0DFF
1 1 $0000-$0FFF $1000-$13FF $0000-$15FF $0000-$0DFF
Note: The addresses are given as though in 16-bit addressing mode, but the two leading
hexadecimal figures for 24-bit mode will always be zeros.
3.34 ROM LOCATIONS

The actual memory locations for ROMs in their own memory space are fixed, but when the
SC bit is set (i.e. the chip isin 16-bit mode), the program ROM and the bootstrap ROM are
not accessible. ROM addresses are listed in Table 3-5.

Table 3-5 On-Chip ROM Memory Locations

Bit Settings ROM Memory L ocations
CE MS Program ROM Bootstrap ROM X DataROM Y Data ROM
0 0 $FF1000- $FF0000- $002000- $002000-
$FF87FF $FFOOBF $0037FF $0037FF
1 0 $FF1000- $FF0000- $002000- $002000-
$FF87FF $FFOOBF $0037FF $0037FF
0 1 $FF1000- $FF0000- $002000- $002000-
$FF87FF $FFOOBF $0037FF $0037FF
1 1 $FF1000- $FF0000- $002000- $002000-
$FF87FF $FFOOBF $0037FF $0037FF
0 0 — — $2000-$37FF $2000-$37FF
1 0 — — $2000-$37FF $2000-$37FF
0 1 — — $2000-$37FF $2000-$37FF
1 1 — — $2000-$37FF $2000-$37FF
MOTOROLA DSP56362 3-7




Memory Configuration

Dynamic Memory Configuration Switching

3.4 DYNAMIC MEMORY CONFIGURATION SWITCHING

The internal memory configuration is atered by remapping RAM modulesfrom Y data
memory into program memory space and vice-versa. The contents of the switched RAM
modules are preserved.

The memory can be dynamically switched from one configuration to another by changing the
MS bit in OMR. The address ranges that are directly affected by the switch operation are
specified in Table 3-4. The memory switch can be accomplished provided that the affected
address ranges are not being accessed during the instruction cycle in which the switch
operation takes place. For trouble-free dynamic switching, no accesses (including instruction
fetches) to or from the affected address ranges in program and data memories are allowed
during the switch cycle.

Note: The switch cycle actually occurs three instruction cycles after the instruction that
modifies the M S bit.

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

Special attention should be given when running a memory switch routine using the OnCE
port. Running the switch routine in trace mode, for example, can cause the switch to complete
after the M S bit change while the DSP isin debug mode. As aresult, subsequent instructions
might be fetched according to the new memory configuration (after the switch), and thus
might execute improperly.

Note: The MShbit may not be changed when CE is set. The instruction cache occupiesthe
top 1K of what would otherwise be program RAM and to switch memory into or
out of program RAM when the cacheis enabled will cause conflicts. To changethe
MS bit when CE is set:

1. Clear CE.
2. Change MS.

3. SetCE.
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3.5 PATCH MODE

Patch mode allows for changes or additions to be made to the ROM code. In patch mode, one
or more sectors of the cache memory is selected for the patch, and corrected or supplementary
code isread into the patch, then the patch islocked so that it cannot be overwritten, and the
codeinit isexecuted instead of the ROM code.

Using patch mode presupposes that the cache is enable. The number of cache sectors used for
apatch is user-selected. Each cache section is 128 words, and there are eight sectionsin the
cache. The cache sectors not used as patch function as usual. Since the amount of memory
used by the patch mode, as well as which sectors are used, is defined by the user, patch
memory is not shown in the memory maps (Figure 3-1 and Figure 3-8).

3.5.1 INITIALIZING PATCH MODE

To initialize patch mode, execute these steps from external memory or by download via host
interface:

Enable the cache (set CE).

Enable patch mode (set PEN).

Initialize TAGs to different values by unlocking eight different external sectors.
Lock the patch sectors.

Move new code to the locked sectors, to the addresses that should be replaced.

o g M~ w D PRE

Start the program ROM program to be patched.

3.5.2 PATCH INITIALIZATION EXAMPLE

rhkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhhhkhhdhhkhdhhkhkhkhhhhhhhhkhhhhhhhhhhhkhhkhdhkddkdddkdhkdhhkhhhkhhkhkhhhkx%
)

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

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

list

START equ $100 ; main programstarting
addr ess
PATCH CFSET equ 128 ; patch of fset
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Patch Mode
M PAE equ 23 ; Patch Enabl e
M PROVS equ $f f 87ec ; ROMarea Start
M PRQOVE equ $f £ 87 f ; ROM area End
org P. START
nmove #M PRQOVS, r 0
bset #M CE, sr ; CacheEnable = 1
bset #M PAE, onr ; PatchEnable = 1
nove #$800000, r 1 ; any external address
nove #128, nl ; 128 for 1K | CACHE,
sector size
nove #( M _PROVB+PATCH CFSET) , r 2
dup 8
punl ock (r1)+nl ; initialize TAG to
di fferent
;. val ues
endm
pl ock (r2) ; lock patch's sector
; (start/nmd/ end)
nove #PATCH DATA START, r1

; repl ace ROM code by PATCH

do #( PATCH _DATA END- PATCH DATA START+1) , PATCH LOCP

novem p: (r1)+, x0

novem X0, p: (r2) +

nop ; Do-loop restriction
PATCH LCCP

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

nop

nop

nop

nop
; patch data
PATCH DATA START

nove #5, n0

nmove #6, mL

nmove #7, n?
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PATCH_DATA_END

Memory Maps

rhkhkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkkhkhkhhkhhdhhkhdhkhkhkhdhhkhhhhhhkhhhhhhhhhhhkhhkhhkhdkhkddkhhdkhhhhhkkhkkhkkx%

3.6 MEMORY MAPS

PROGRAM
SFFFFFF NTERNAL
RESERVED
$FF8800
30K INTERNAL
$FF1000 ROM
INTERNAL
SFF00CO RESERVED
$FFO000 | BOOT ROM
EXTERNAL
$000C00
3K INTERNAL
$000000 RAM

$FFFFFF
$FFFF80
$FFF000

$FF0000

$003800

$002000
$001600

$000000

X DATA

INTERNAL I/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

6K INTERNAL

ROM

INT. RESERVED

5.5K INTERNAL
RAM

$FFFFFF
$FFFF80
$FFF000

$FF0000

$003800

$002000
$001600

$000000

Y DATA

EXTERNAL I/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

6K INTERNAL

ROM

INT. RESERVED

5.5K INTERNAL
RAM

Figure 3-1 Memory Maps CE=0, MS=0, SC=0

MOTOROLA

DSP56362

3-11




Memory Configuration

Memory Maps

PROGRAM X DATA Y DATA
SFFFFFF| | NTERNAL $FFFFFF|  INTERNAL 1/O $FFFFFF|  EXTERNAL 1/0
RESERVED SFFFF80 (128 words) SFFFF80 (128 words)
$FF8800 sFFFo00 | EXTERNAL sFFFo00 | EXTERNAL
30K INTERNAL
ROM INTERNAL INTERNAL
$FF1000 RESERVED RESERVED
v $FF0000 $FF0000
sFFooco|  RESERVED
$FF0000 BOOT ROM EXTERNAL EXTERNAL
$003800 $003800
6K INTERNAL 6K INTERNAL
ROM ROM
EXTERNAL $002000 $002000
INT. RESERVED INT. RESERVED
$001400 $001600
$000E00
5K INTERNAL 5.5K INTERNAL 3.5K INTERNAL
$000000 RAM $000000 RAM $000000 RAM
Figure 3-2 Memory Maps CE=0, MS=1, SC=0
PROGRAM X DATA Y DATA
$FFFFFF|  \NTERNAL $FFFFFF| INTERNAL 1/0 $FFFFFF | EXTERNAL 1/0
RESERVED SFFFF80 (128 words) SFFFF80 (128 words)
$FF8800
EXTERNAL EXTERNAL
30K INTERNAL $FFF000 $FFF000
ROM INTERNAL INTERNAL
$FF1000 RESERVED RESERVED
Aver $FF0000 $FF0000
sFFooco|  RESERVED
$FF0000 BOOT ROM EXTERNAL EXTERNAL
$003800 $003800
6K INTERNAL 6K INTERNAL
ROM ROM
EXTERNAL $002000 $002000
INT. RESERVED INT. RESERVED
$001600 $001600
$000C00
$000800 | 1KI-CACHE 5.5K INTERNAL 5.5K INTERNAL
$000000 | _ 2K INT. RAM $000000 RAM $000000 RAM
Figure 3-3 Memory Maps for CE=1, MS=0, SC=0
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Memory Maps

PROGRAM X DATA Y DATA
$FFFFFF|  |NTERNAL $FFFFFF | INTERNAL 1/0 $FFFFFF| EXTERNAL 1/0
RESERVED SFFFF80 (128 words) SFFFF80 (128 words)
$FF8800
EXTERNAL EXTERNAL
30K INTERNAL $FFF000 $FFF000
ROM INTERNAL INTERNAL
$FF1000 RESERVED RESERVED
N Ve $FF0000 $FF0000
sFFooco|  RESERVED
$FF0000 BOOT ROM EXTERNAL EXTERNAL
$003800 $003800
6K INTERNAL 6K INTERNAL
EXTERNAL
ROM ROM
$002000 $002000
INT. RESERVED INT. RESERVED
$001400 $001600
$001000 1K I-CACHE $000EQ0
4K INTERNAL 5.5K INTERNAL 3.5K INTERNAL
$000000 RAM $000000 RAM $000000 RAM
Figure 3-4 Memory Maps for CE=1, MS=1, SC=0
PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/O $FFFF EXTERNAL /O
$FF80 (128 words) $FF80 (128 words)
EXTERNAL EXTERNAL
EXTERNAL
$3800 $3800
6K INTERNAL 6K INTERNAL
ROM ROM
$2000 $2000
INT. RESERVED INT. RESERVED
$1600 $1600
$0C00
3K INTERNAL 5.5K INTERNAL 5.5K INTERNAL
$0000 RAM $0000 RAM $0000 RAM

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

PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/O $FFFF EXTERNAL 1/O
$FF80 (128 words) $FF80 (128 words)
EXTERNAL EXTERNAL
EXTERNAL
$3800 $3800
6K INTERNAL 6K INTERNAL
ROM ROM
$2000 $2000
INT. RESERVED INT. RESERVED
$1400 $1600
$0E00
5K INTERNAL 5.5K INTERNAL 3.5K INTERNAL
$0000 RAM $0000 RAM $0000 RAM
Figure 3-6 Memory Maps for CE=0, MS=1, SC=1
PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/O $FFFF EXTERNAL 1/O
$FF80 (128 words) $FF80 (128 words)
EXTERNAL EXTERNAL
EXTERNAL
$3800 $3800
6K INTERNAL 6K INTERNAL
ROM ROM
$2000 $2000
INT. RESERVED INT. RESERVED
$1600 $1600
$0C00 1K -CACHE
$0800 5.5K INTERNAL 5.5K INTERNAL
$0000 2K INT. RAM $0000 RAM $0000 RAM
Figure 3-7 Memory Maps for CE=1, MS=0, SC=1
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External Memory Support

PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL I/O $FFFF EXTERNAL 1/O
$FF80 (128 words) $FF80 (128 words)
EXTERNAL EXTERNAL
EXTERNAL
$3800 $3800
6K INTERNAL 6K INTERNAL
ROM ROM
$2000 $2000
INT. RESERVED INT. RESERVED
$1400 $1600
$1000 1K I-CACHE $OEO00
4K INTERNAL 5.5K INTERNAL 3.5K INTERNAL
$0000 RAM $0000 RAM $0000 RAM

Figure 3-8 Memory Maps for CE=1, MS=1, SC=1

3.7 EXTERNAL MEMORY SUPPORT

The DSP56362 supports SRAM and DRAM memory types, asindicated in the DSP56300
24-Bit Digital Sgnal Processor Family Manual, Motorola publication DSP56300FM/AD. It
does not support the SSRAM memory type. Also, care should be taken when accessing
external memory to ensure that the necessary address lines are available. For example, when
using glueless SRAM interfacing, it is possible to address directly 220 memory locations (1
M) when using the 18 address lines and the four programmable address attribute lines.

3.8 INTERNAL I/O MEMORY MAP

The DSP56362 on-chip peripheral modules have their register files programmed to the
addressesin the internal X-1/0 memory range (the top 128 locations of the X data memory
space) as shown in Appendix D.

MOTOROLA DSP56362 3-15



Memory Configuration

Internal I/O Memory Map
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SECTION 4
CORE CONFIGURATION

4.1

INTRODUCTION

This chapter contains DSP56300 core configuration information details specific to the
DSP56362. These include the following:

Operating modes

Bootstrap program

Interrupt sources and priorities
DMA request sources

OMR

PLL control register

AA control registers

JTAG BSR

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

4.2

OPERATING MODE REGISTER (OMR)

SeeDSP56300 24-Bit Digital Sgnal Processor Family Manual, Motorola publication
DSP56300FM/AD for a description of the OMR. The OMR is shown in Figure 4-1.
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Operating Modes

Figure 4-1 Operating Mode Register (OMR)

SCS EOM COM

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PEN‘ ‘ ‘SEN‘WRP‘EOV‘EUN‘XYS‘ATE ‘APD‘ABE‘BRT‘TAS ‘ BE ‘ CDP1:0 ‘ MS ‘ SD ‘ ‘EBD‘ MD ‘ MC ‘ MB ‘ MA
PEN - Patch Enable ATE - Address Tracing Enable MS - Memory Switch Mode
-reserved APD - Address Priority Disable SD - Stop Delay
-reserved ABE - Asyn. Bus Arbitration Enable - reserved
SEN -Stack Extension Enable BRT - Bus Release Timing EBD - External Bus Disable
WRP -Extended Stack Wrap Flag TAS - TA Synchronize Select MD - Operating Mode D
EOV -Extended Stack Overflow Flag BE - Burst Mode Enable MC - Operating Mode C
EUN -Extended Stack Underflow CDP1 - Core-DMA Priority 1 MB - Operating Mode B
Flag
XYS -Stack Extension Space Select CDPO - Core-DMA Priority 0 MA - Operating Mode A

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

42.1 ASYNCHRONOUS BUS ARBITRATION ENABLE (ABE) -
BIT 13

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

When asynchronous bus arbitration is active, the BB and BG inputs are not constrained by
setup and hold time requirements relative to CLKOUT. Instead it is required that there is no
overlap period between the deassertation of the BG input to the DSP that is releasing the bus
and the assertion of the BG input to the DSP that will receive the bus.

For DSP clock frequencies of 100MHz and above, the ABE bit must be set in order to ensure
correct operation of the BG and BB signals.

4.3 OPERATING MODES

The DSP56362 begins operations by leaving Reset and going into one of eleven operating
modes. Asthe DSP56362 exits the Reset state it |oads the values of MODA, MODB, MODC,
and MODD into bits MA, MB, MC, and MD of the OMR. These bit settings determine the
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chip’s operating mode, which determines what bootstrap program option the chip uses to start

up.

The MA-MD bits of the OMR can also be set directly by software. Jumping directly to the
bootstrap program entry point ($FF0000) after setting the OMR bits causes the DSP56362 to

Operating Modes

execute the specified bootstrap program option (except modes 0 and 8).

Table 4-1 shows the DSP56362 bootstrap operation modes, the corresponding settings of the
external operational mode signal lines (the mode bits MA-MD in the OMR), and the reset

vector address to which the DSP56362 jumps once it leaves the Reset state.

Table 4-1 DSP56362 Operating Modes

Mode MODD MODC MODB MODA \?eecfitr Description

0 0 0 0 0 $C00000 Expanded mode (OnCE
disabled)

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

2 0 0 1 0 $FF0000 Jump to PROM starting
address

3 0 0 1 1 $FF0000 Reserved

4 0 1 0 0 $FF0000 Reserved

5 0 1 0 1 $FF0000 Bootstrap from SHI
(slave SPI mode)

6 0 1 1 0 $FF0000 Bootstrap from SHI (slave
1°C mode, clock freeze
enabled, 100ns filter
enabled)

7 0 1 1 1 $FF0000 Bootstrap from SHI
(slave £C mode)

8 1 0 0 0 $008000 Expanded mode (OnCE
disabled)

9 1 0 0 1 $FF0000 Reserved for Burn-in testin

A 1 0 1 0 $FFO000 Reserved

B 1 0 1 1 $FFO000 Reserved
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Bootstrap Program

Table 4-1 DSP56362 Operating Modes

Mode MODD MODC MODB MODA \?e&:;tr Description

c 1 1 0 0 $FFO000 HDIO8 Bootstrap in ISA
Mode

D 1 1 0 1 $FF0000 HDIO8 Bootstrap in HC11
non-multiplexed mode

E 1 1 1 0 $FF0000 HDIO8 Bootstrap in 8051
multiplexed bus mode

F 1 1 1 1 $FF0000 HDIO8 Bootstrap in 68302
bus mode

4.4

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 $FF0O000—-$FFO0BF. The bootstrap
program can load any program RAM segment from an external byte-wide EPROM, the SHI,
or the host port. The bootstrap program described here, and listed in Appendix A is a default,
which may be modified or replaced by the user.

On exiting the Reset state, the DSP56362 does the following:

1.
2.

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

The contents of the MA, MB, MC, and MD bits determine which bootstrap mode the
DSP56362 enters:

1.

If MA, MB, MC, and MD are all cleared (bootstrap mode 0), the program bypasses the
bootstrap ROM and the DSP56362 starts loading instructions from external program
memory location $C00000.

If MA, MB, and MC are cleared and MD is set (bootstrap mode 8), the program
bypasses the bootstrap ROM and the DSP56362 starts loading in instruction values
from external program memory location $008000.

Otherwise (bootstrap modes 1, 2, 5, 7, C, D, E, F), the DSP56362 jumps to the
bootstrap program entry point at $FF0000.

4-4
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Bootstrap Program

If the bootstrap program is loading via the Host interface (HDI08), setting the HFO bit in the
HSR causes the DSP56362 to stop loading and begin execution of the loaded program at the
specified start address.

See Table 4-1 for atabular description of the mode bit settings for the operating modes.

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

In bootstrap modes 1, 5, 7, C, D, E, and F, the bootstrap program expects the following data
sequence when downloading the user program through an external port:
1. Three bytes defining the number of (24-bit) program words to be loaded

2. Three bytes defining the (24-hit) start address to which the user program loadsin the
DSP56362 program memory

3. Theuser program (three bytes for each 24-bit program word). The program words will
be stored in contiguous PRAM memory locations starting at the specified starting
address.

For bootstrap mode 1, the three bytes for each data sequence must be loaded with the least
significant byte first.

Once the bootstrap program compl etes |oading the specified number of words, it jumpsto the
specified starting address and executes the loaded program.

44.1 MODE 0: EXPANDED MODE

Table 4-2 Expanded Mode

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

The bootstrap ROM is bypassed and the DSP56362 starts fetching instructions beginning at
address $C00000. Memory accesses are performed using SRAM memory access type with 31
wait states and no address attributes sel ected. Address $C00000 is refl ected as address $00000
on Port A pins AO-A17.

The DSP starts fetching instructions beginning at address $C00000. Memory accesses are
performed using SRAM memory access type with 31 wait states and no address attributes
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Bootstrap Program

selected. Address $C00000 is reflected as address $00000 on Port A pins A0-A17. Note that
the OnCE interface is disabled during HW reset, and will remain disabled until explicitly
enabled by writing to the OnCE GDB Register (OGDB) at the internal 1/0 address
X:$FFFFFC.

4.4.2 MODE 1: BOOTSTRAP FROM BYTE-WIDE EXTERNAL

MEMORY
Table 4-3 Bootstrap From External Memory
Reset I
Mode MODD MODC MODB MODA Vector Description
1 0 0 0 1 $FFO000 Bootstrap from byte-wide memory

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

4.4.3 MODE 2: BOOTSTRAP JUMP TO PROM STARTING
ADDRESS

Table 4-4 Jump To PROM Starting Address

Mode MODD MODC MODB MODA Reset Description
Vector
2 0 0 1 0 $FFO000 Jump to PROM starting address

The DSP starts fetching instructions from the starting address of the on-chip Program ROM.

4-6 DSP56362 MOTOROLA




Core Configuration

Bootstrap Program

4.4.4 MODE 3: RESERVED

Table 4-5 Mode 3 (Reserved)

Mode MODD MODC MODB MODA Reset Description
Vector

3 0 0 1 1 — Reserved

Thismode is reserved for future use.

4.4.5 MODE 4: RESERVED

Table 4-6 Mode 4 (Reserved)

Mode MODD MODC MODB MODA Reset Description
Vector

4 0 1 0 0 — Reserved

This mode is reserved for future use.

4.4.6 MODE 5: BOOTSTRAP FROM SHI (SLAVE SPI MODE)

Table 4-7 Bootstrap From SHI (Slave SPI)

Mode MODD MODC MODB MODA Reset Description
Vector
5 0 1 0 1 — Bootstrap from SHI
(slave SPI mode)

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

4.4.7 MODE 6: BOOTSTRAP FROM SHI (SLAVE I°C MODE)

Table 4-8 Mode 6 Bootstrap From SHI (Slave I2C)

Mode MODD MODC MODB MODA Reset Description
Vector
6 0 1 1 0 $FF0000 Bootstrap from SHI (dave 12C mode,
clock freeze enabled, 100 nsfilter
enabled)

Same as mode 5, except the SHI interface operatesin the 1°C slave mode, with clock freeze
enabled (HCKFR=1) and with the 100ns spike filter enabled.

4.4.8 MODE 7: BOOTSTRAP FROM SHI (SLAVE 1°C MODE)

Table 4-9 Mode 7 Bootstrap From SHI (Slave I°C)

Mode MODD MODC MODB MODA Reset Description
Vector
7 0 1 1 1 $FF0000 Bootstrap from SHI (slave 12C mode)

Same asmode 5, except the SHI interface operatesin thel 2C slave mode, without clock freeze
and no filter.

4.4.9 MODE 8: EXPANDED MODE

Table 4-10 Mode 8 (Expanded Mode)

Mode MODD MODC MODB MODA Resdt Description
Vector
8 1 0 0 0 $008000 Expanded mode (OnCE disabled)

The DSP starts fetching instructions beginning at address $008000. Memory accesses are
performed using SRAM memory access type with 31 wait states and no address attributes
selected. Note that the OnCE interface is disabled during HW reset, and will remain disabled
until explicitly enabled by writing to the OnCE GDB Register (OGDB) at the internal 1/0O
address X:$FFFFFC.
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4410 MODE 9: RESERVED
Table 4-11 Mode 9 (Reserved)
Mode MODD MODC MODB MODA \?aet Description
ector
9 1 0 0 1 — Reserved
Thismode isreserved. It isused in burn-in testing.
4411 MODE A: RESERVED
Table 4-12 Mode A (Reserved)
Mode MODD MODC MODB MODA \?eset Description
ector
A 1 0 1 0 — Reserved
Thismode is reserved for future use.
4412 MODE B: RESERVED
Table 4-13 Mode B (Reserved)
Mode MODD MODC MODB MODA \E%esa Description
ector
B 1 0 1 1 — Reserved
This mode is reserved for future use.
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4.4.13 MODE C: BOOTSTRAP THROUGH HDIO8 IN ISA MODE

Table 4-14 Mode C Bootstrap Through HDIO8 (ISA Mode)

Mode MODD MODC MODB MODA Reset Description
Vector

C 1 1 0 0 $FF0000 HDI08 Bootstrap in |SA Mode

Instructions are loaded through the HD108, which is configured to interface with an I1SA bus.
The HOST ISA bootstrap code expects to read a 24-bit word specifying the number of
program words, a 24-bit word specifying the address to start |oading the program words and
then a 24-bit word for each program word to be loaded. The program words will be stored in
contiguous PRAM memory locations starting at the specified starting address. After reading
the program words, program execution starts from the same address where |oading started.
The Host Interface bootstrap load program may be stopped by setting the Host Flag 0 (HFO).
Thiswill start execution of the loaded program from the specified starting address.

4.4.14 MODE D: BOOTSTRAP THROUGH HDIO8 IN HC11
NON-MULTIPLEXED MODE

Table 4-15 Bootstrap Through HDIO8 (Non-multiplexed Mode)

Mode MODD MODC MODB MODA Reset Description
Vector
D 1 1 0 1 $FFO000 HDI08 Bootstrap in HC11
non-multiplexed mode

AsinMode C, but HDIO8 is set for interfacing to Motorola HC11 microcontroller in
non-multiplexed mode.
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4.4.15 MODE E: BOOTSTRAP THROUGH HDIO8 IN 8051
MULTIPLEXED BUS MODE

Table 4-16 Bootstrap Through HDIO8 (8051 Multiplexed Bus Mode)

Mode MODD MODC MODB MODA Reset Description
Vector

E 1 1 1 0 $FFO000 HDI08 Bootstrap in 8051 multiplexed bus

The bootstrap program sets the host interface to interface with the Intel 8051 multiplexed bus.
If the host processor sets host flag 0 (HFO) in the HDI08 interface control register (HCR)

while writing the initialization program, the bootstrap program stops loading instructions,
jumps to the starting address specified, and executes the loaded program.

4416 MODE F: BOOTSTRAP THROUGH HDIO08 IN 68302/68360

BUS MODE
Table 4-17 Bootstrap Through HDIO8 (68302/68360 Bus Mode)
Mode MODD MODC MODB MODA Reset Description
Vector
F 1 1 1 1 $FFO000 HDI08 Bootstrap in 68302 bus

The bootstrap program sets the host interface to interface with the M otorola 68302 or 68360
bus.

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

4.5 INTERRUPT PRIORITY REGISTERS

There are two interrupt priority registersin the DSP56362: | PR-C is dedicated to DSP56300
core interrupt sources, and IPR-P is dedicated to DSP56362 peripheral interrupt sources. The
interrupt priority registers are shown in Figure 4-2 and Figure 4-3. The interrupt priority level
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Interrupt Priority Registers

bits are defined in Table 4-18. The interrupt vectors are shown in Section D.3, and the
interrupt priorities are shown in Section D.4.

Table 4-18 Interrupt Priority Level Bits

IPL bits Interrupts Ig:ie(r):itist
xxL1 xxLO Enabled Level
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
11 10 9 8 7 6 5 4 3 2 1 0

| IDL2| IDL1| IDLO| ICL2 | ICL1 | ICLO | IBL2 | IBL1 | IBLO | IAL2 | IAL1 | IALO |

23 22 21 20 19 18 17 16 15 14 13 12
| D5L1 | D5L0 | D4L1 | D4L0 | D3L1| D3LO| D2L1| D2L0| DiL1 | Di1LO | DOL1 | DOLO |

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

IRQD mode

DMAO IPL
DMAL IPL
DMA2 IPL
DMAS3 IPL
DMA4 IPL
DMAS IPL

Figure 4-2 Interrupt Priority Register C
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11

10 9 8

7

6 5 4 3 2

1

0

| | TAL1 | TALO | DALll DALO| HDL1 |HDLO | SHL1| SHLO| ESL1 | ESLO |

23

22 21 20

19

18 17 16 15 14

13

12

|:| - Reserved hit, read as zero, should be written as zero to ensure future compatibility.

ESAI IPL
SHI IPL
HDIO8 IPL
DAX IPL

TEC IPL

reserved

reserved

Figure 4-3 Interrupt Priority Register P

46 DMA REQUEST SOURCES

The DMA request source bits (DRS[4:0] bitsin the DMA control/status registers) encode the
source of DMA requests used to trigger the DMA transfers. The DMA request sources may be
theinternal peripherals or external devices requesting service through the IRQA, IRQB,

IRQC and IRQD pins. The DMA request sources are shown in Table 4-19.

Table 4-19 DMA Request Sources

DMA Request Source Bits
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 DMA channel 0

00101

Transfer done from DMA channel 1

00110

Transfer done from DMA channel 2

00111

Transfer done from DMA channdl 3

01000

Transfer done from DMA channel 4

MOTOROLA
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Table 4-19 DMA Request Sources (Continued)

DMA Rqu;ZsE‘lS:g]urce Bits Requesting Device
01001 Transfer done from DMA channel 5
01010 DAX transmit data
01011 ESAI receive data (RDF=1)
01100 ESAI transmit data (TDE=1)
01101 SHI HTX empty
01110 SHI FIFO not empty
01111 SHI FIFO full
10000 Host receive data
10001 Host transmit data
10010 TIMERO (TCF=1)
10011 TIMERL (TCF=1)
10100 TIMER2 (TCF=1)
10101-11111 RESERVED

4.7  PLL INITIALIZATION

PLL initialization is outlined in the subsections bel ow.

4.7.1 PLL MULTIPLICATION FACTOR (MFO-MF11)

The DSP56362 PLL multiplication factor is set to six during hardware reset, that is the value
of the multiplication factor bits (MF[11:0]) in the PLL control register (PCTL) is $005.

4.7.2 PLL PRE-DIVIDER FACTOR (PDO0O-PD3)

The DSP56362 PLL pre-divider factor is 1 during hardware reset, that is the value of the
pre-divider factor bits (PD[3:0]) in the PCTL is $0.
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4.7.3 CRYSTAL RANGE BIT (XTLR)

The XTLR bit controls the on-chip crystal oscillator transconductance. The on-chip crystal
oscillator is not used on the DSP56362 since no XTAL pinisavailable. The XTLR bitis
cleared during hardware reset in the DSP56362.

4.7.4 XTAL DISABLE BIT (XTLD)

The XTLD isset (XTAL disabled) during hardware reset in the DSP56362.

4.8 DEVICE IDENTIFICATION (IDR) REGISTER

The device register (IDR) is a 24-bit, read-only factory programmed register used to identify
the different DSP56300 core-based family members. This register specifies the derivative
number and revision number. This information may be used in testing or by software.
Figure 4-4 shows the ID register configuration.

Figure 4-4 Identification Register Configuration

23 16 15 12 11 0
Reserved Revision Number Derivative Number
$00 $1 $362

49 JTAG IDENTIFICATION (ID) REGISTER

The JTAG identification (ID) register is a 32-hbit, read-only JTAG, factory programmed
register used to distinguish the component on a board according to the |IEEE 1149.1 standard.
Figure 4-5 shows the JTAG ID register configuration.

Figure 4-5 JTAG Identification Register Configuration

31 28 27 2221 12 11 1 0
Version Information Customer Part Number | Sequence Number Manufacturer |dentity 1
0000 000110 0001100010 00000001110 1
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410 JTAG BOUNDARY SCAN REGISTER (BSR)

The BSR in the DSP56362 JTAG implementation contains bitsfor all device signal and clock
pins and associated control signals. All bidirectional pins have asingle register bit in the BSR
for pin data, and are controlled by an associated control bit in the BSR. The BSR bit
definitions are described in Table 4-20.

Table 4-20 DSP56362 BSR Bit Definition

B#it Pin Name Pin Type B§rF§/|3Cee” B;t Pin Name Pin Type BiF:”Sedl
0 IRQA Input Data 73 RES Input Data

1 IRQB Input Data 74 HADO — Control
2 TRQC Input Data 75 HADO Input/Output Data
3 TRQD Input Data 76 HAD1 — Control
4 D23 Input/Output Data 77 HAD1 Input/Output Data
5 D22 Input/Output Data 78 HAD2 — Control
6 D21 Input/Output Data 79 HAD2 Input/Output Data
7 D20 Input/Output Data 80 HAD3 — Control
8 D19 Input/Output Data 81 HAD3 Input/Output Data
9 D18 Input/Output Data 82 HAD4 — Control
10 D17 Input/Output Data 83 HAD4 Input/Output Data
11 D16 Input/Output Data 84 HAD5 — Control
12 D15 Input/Output Data 85 HAD5 Input/Output Data
13 D[23:13] — Control 86 HADG6 — Control
14 D14 Input/Output Data 87 HADG6 Input/Output Data
15 D13 Input/Output Data 88 HAD7 — Control
16 D12 Input/Output Data 89 HAD7 Input/Output Data
17 D11 Input/Output Data 90 HAS/AO — Control
18 D10 Input/Output Data 91 HAS/AO Input/Output Data
19 D9 Input/Output Data 92 HAB8/A1 — Control
20 D8 Input/Output Data 93 HAB8/A1 Input/Output Data
21 D7 Input/Output Data 94 HA9/A2 — Control
22 D6 Input/Output Data 95 HA9/A2 Input/Output Data
23 D5 Input/Output Data 96 HCS/A10 — Control
24 D4 Input/Output Data 97 HCS/A10 Input/Output Data
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Table 4-20 DSP56362 BSR Bit Definition (Continued)

B;t Pin Name Pin Type Bi}?;ee” B;t Pin Name Pin Type BiF:”Sedl
25 D3 Input/Output Data 98 TIOO — Control

26 D[12:0] — Control 99 TIOO0 Input/Output Data
27 D2 Input/Output Data 100 ACI — Control
28 D1 Input/Output Data 101 ACI Input/Output Data

29 DO Input/Output Data 102 ADO — Control
30 Al7 Output3 Data 103 ADO Input/Output Data
31 A16 Output3 Data 104 | HOREQHTRQ — Control
32 A15 Output3 Data 105 | HOREQHTRQ Input/Output Data

33 A[17:9] — Control 106 HACK/RRQ — Control
34 Al4 Output3 Data 107 HACK/RRQ Input/Output Data
35 A13 Output3 Data 108 HRW/RD — Control

36 Al2 Output3 Data 109 HRW/RD Input/Output Data

37 All Output3 Data 110 HDS/WR — Control

38 Al0 Output3 Data 111 HDS/WR Input/Output Data

39 A9 Output3 Data 112 HCKR — Control
40 A8 Output3 Data 113 HCKR Input/Output Data
41 A7 Output3 Data 114 HCKT — Control
42 A6 Output3 Data 115 HCKT Input/Output Data
43 A[8:0] — Control 116 SCKR — Control
44 A5 Output3 Data 117 SCKR Input/Output Data
45 Ad Output3 Data 118 SCKT — Control
46 A3 Output3 Data 119 SCKT Input/Output Data
a7 A2 Output3 Data 120 FSR — Control
48 Al Output3 Data 121 FSR Input/Output Data
49 A0 Output3 Data 122 FST — Control
50 BG Input Data 123 FST Input/Output Data
51 AAO — Control 124 SDO5/SDIO — Control
52 AAO0 Output3 Data 125 SDO5/SDIO Input/Output Data
53 AA1l — Control 126 SDO4/SDI1 — Control
54 AAl Output3 Data 127 SDO04/SDI1 Input/Output Data
55 RD Output3 Data 128 SDO3/SDI2 — Control
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Table 4-20 DSP56362 BSR Bit Definition (Continued)

B#it Pin Name Pin Type B§rF§/|3Cee” B;t Pin Name Pin Type BiF:”Sedl
56 WR Output3 Data 129 SDO3/SDI2 I nput/Output Data
57 BB — Control 130 SDO2/SDI3 — Control
58 BB Input/Output Data 131 SDO02/SDI3 Input/Output Data
59 BR Output2 Data 132 SDO1 — Control
60 TA Input Data 133 SDO1 Input/Output Data
61 PINIT Input Data 134 SDOO0 — Control
62 CLKOUT Output2 Data 135 SDOO0 Input/Output Data
63 RDWR — Control 136 'HREQ — Control
64 EXTAL Input Data 137 'HREQ Input/Output Data
65 DE — Control 138 'SS Input Data
66 DE Input/Output Data 139 SCK/SCL — Control
67 CAS — Control 140 SCK/SCL Input/Output Data
68 CAS Output3 Data 141 MISO/SDA — Control
69 AA2 — Control 142 MISO/SDA Input/Output Data
70 AA2 Output3 Data 143 MOSI/HAO — Control
71 AA3 — Control 144 MOSI/HAO Input/Output Data
72 AA3 Output3 Data
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SECTION 5
GENERAL PURPOSE INPUT/OUTPUT

5.1 INTRODUCTION

The DSP56362 provides up to 31 bidirectional signalsthat can be configured as GPIO signals
or as peripheral dedicated signals. No dedicated GPIO signals are provided. All of these
signals are GPIO by default after reset. The techniques for register programming for all GPIO
functionality isvery similar between these interfaces. This section describes how signals may
be used as GPIO.

5.2 PROGRAMMING MODEL

The signals description section of this manual describes the special uses of these signalsin
detall. There are five groups of these signals which can be controlled separately or as groups.
e Port B: up to 16 GPIO signals (shared with the HDIO8 signals)
* Port C: 12 GPIO signals (shared with the ESAI signals)
* Port D: two GPIO signals (shared with the DAX signals)

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

5.2.1 PORT B SIGNALS AND REGISTERS

When HDIOS8 is disabled, all 16 HDIO8 signals can be used as GPIO. When HDIO8 is enabled,
five (HA8, HA9, HCS, HOREQ, and HACK) of the 16 port B signals, if not used as a HDIO8
signal, can be configured as GPIO signals. The GPIO functionality of port B is controlled by
three registers: host port control register (HPCR), host port GPIO data register (HDR), and
host port GPIO direction register (HDDR). These registers are described in Section 6 - Host
Interface (HDIO8) of this document.
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Programming Model

5.2.2 PORT C SIGNALS AND REGISTERS

Each of the 12 port C signals not used as an ESAI signal can be configured individually as a
GPIO signal. The GPIO functionality of port C is controlled by three registers:. port C control
register (PCRC), port C direction register (PRRC), and port C data register (PDRC). These
registers are described in Section 8 - Enhanced Serial AUDIO Interface (ESAI).

5.2.3 PORT D SIGNALS AND REGISTERS

Each of the two Port D signals not used asa DAX signal can be configured individually asa
GPIO signal. The GPIO functionality of Port D is controlled by three registers: Port D control
register (PCRD), Port D direction register (PRRD) and Port D data register (PDRD). These
registers are described in Section 10 - Digital Audio Transmitter.

5.24 TIMER/EVENT COUNTER SIGNALS

The timer/event counter signal (T10), when not used as atimer signal can be configured asa
GPIO signal. The signal is controlled by the appropriate timer control status register (TCSR).
Theregister is described in Section 9 - Timer/ Event Counter.
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SECTION 6
HOST INTERFACE (HDIOS8)

6.1 INTRODUCTION

The host interface (HDI108) is a byte-wide, full-duplex, double-buffered, parallel port that can
be connected directly to the data bus of a host processor. The HDI08 supports avariety of
buses and provides glueless connection with a number of industry standard microcomputers,
microprocessors, DSPs and DMA hardware.

The host bus can operate asynchronously to the DSP core clock, therefore the HD108 registers
are divided into 2 banks. The host register bank is accessible to the external host and the DSP
register bank is accessible to the DSP core.

The HDI108 supports three classes of interfaces:

» Host processor/Microcontroller (MCU) connection interface
* DMA controller interface

* General purpose 1/0 (GPIO) port

6.2 HDIO8 FEATURES

6.2.1 INTERFACE - DSP SIDE

* Mapping:

— Registers are directly mapped into eight internal X data memory locations
» Data Word:

— 24-bit (native) data words are supported, as are 8-bit and 16-bit words
» Transfer Modes:

— DSP to Host

— Hostto DSP
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Host Interface (HDIO8)

HDIO8 Features

Host Command

e Handshaking Protocols:

Software polled
Interrupt driven

Core DMA accesses

¢ |nstructions:

6.2.2

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

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

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

INTERFACE - HOST SIDE

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

HO-H7/HADO-HAD7
Host data bus (H7-H@r host multiplexed address/data bus (HADO-HAD?7)

HAS/HAO

Address strobe (HAS)r Host address line HAO
HA8/HA1

Host address line HA8 Host address line HA1
HA9/HA2

Host address line HAS Host address line HA2
HRW/HRD

Read/write select (HRWYr Read Strobe (HRD)
HDS/HWR

Data Strobe (HDS)r Write Strobe (HWR)
HCS/HA10

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

Host request (HOREQ) Host transmit request (HTRQ)

6-2
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Host Interface (HDIO8)

HDIO8 Features

— HACK/HRRQ
Host acknowledge (HACKJr Host receive request (HRRQ)

e Mapping:

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

— The HDIO8 acts as a memory or I0-mapped peripheral for microprocessors,
microcontrollers, etc.

» Data Word:
— 8-hit
» Transfer Modes:
— Mixed 8-bit, 16-bit and 24-bit data transfers
* DSP to Host
* Hostto DSP
— Host Command
« Handshaking Protocols:
— Software polled

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

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

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

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

* Interface Capabilities:

— Glueless interface (no external logic required) to the following:

* Motorola HC11
» Hitachi H8
e 8051 family
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HDIO8 Host Port Signals

e Thomson P6 family
» external DMA controllers
— Minimal glue-logic (pullups, pulldowns) required to interface to the following:
* ISADbus
* Motorola 68K family
e Intel X86 family.

6.3 HDIO8 HOST PORT SIGNALS

The host port signals are describe®&eéotion 2. If the Host Interface functionality is not

required, the 16 pins may be defined as general purpose 1/O pins PBO-PB15. When the HDI0O8
Is in use, only five host port signals (HA8, HA9, HCS, HOREQ and HACK) may be
individually programmed as GPIO pins if they are not needed for their HDIO8 function.
Summary of the HDIO8 signals.

Table 6-1 HDIO8 Signal Summary

HDI08 Port Pin M“'“p'exed,\;"‘i‘;;ewdala bus Non Multiplexed bus M ode GPIO Mode
HADO-HAD7 HADO-HAD7 HO-H7 PBO-PB7
HAS/HAO HAS/HAS HAO PBS
HA8/HA1 HA8 HA1 PB9
HA9/HA?2 HA9 HA2 PB10
HCSHA10 HA10 HCSHCS PB13
Table 6-2 Strobe Signals Support signals
HDI08 Port Pin Single strobe bus Dual strobe bus GPIO Mode
HRW/HRD HRW HRD/HRD PB11
HDSHWR HDS/HDS HWR/HWR PB12
Table 6-3 Host request support signals
HDI08 Port Pin Vector required No vector required GPIO Mode
HOREQ/HTRQ HOREQ/HOREQ HTRQ/HTRQ PB14
HACK/HRRQ HACK/HACK HRRQ/HRRQ PB15
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6.4 HDIO8 BLOCK DIAGRAM

Figure 6-1 shows the HDI08 registers. The top row of registers (HCR, HSR, HDDR, HDR,
HBAR, HPCR, HOTX, HORX) can be accessed the DSP core. The bottom row of registers
(ISR, ICR, CVR, IVR, RXH:RXM:RXL and TXH:TXM:TXL) can be accessed by the host
Processor.

Core DMA Data Bus

< : A >
DSP Peripheral Data Bus
4 A A A A >
I24 24 24 I24 24 I 24 24 /124 24 124
A 4 A 4 A\ 4 \ 4
HCR HSR HDDR HDR HBAR HPCR HOTX HORX
\ Z W A
N
PN / \ Address
| \ / \ Comparator 24 24
C \
o \ \ A
joo \ 5
\ \
/ : 1
v | v A 4 A 4
ICR ISR CVR IVR Latch RXH [RXM [|RXL [TXH |[TXM |IRXL
i 8 I 8 I 8 IB ’A/B 3 8 I 8 8 8 T 8 8
< - >
HOST Bus
ICR Interface Control Register HCR Host Control Register
CVR Command Vector Register HSR Host Status Register
ISR Interface Status Register HPCR Host Port Control Register
IVR Interrupt Vector Register HBAR Host Base Address register
RXH/RXM/RXL Receive Register High/Middle/Low HOTX Host Transmit register
TXH/TXM/TXL Transmit Register High/Middle/Low HORX Host Receive register
HDDR Host Data Direction Register
HDR Host Data Register
Figure 6-1 HDIO8 Block Diagram
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6.5 HDIO8 — DSP-SIDE PROGRAMMER’S MODEL

The DSP core threats the HDI108 as a memory-mapped peripheral occupying eight 24-bit
wordsin X data memory space. The DSP may use the HDI08 as a norma memory-mapped
peripheral, employing either standard polled or interrupt-driven programming techniques.
Separate transmit and recelve data registers are double-buffered to alow the DSP and host
processor to transfer data efficiently at high speed. Direct memory mapping allows the DSP
core to communicate with the HDI08 registers using standard instructions and addressing
modes. In addition, the MOV EP instruction allows direct data transfers between the DSP
memory and the HDI08 registers or vice-versa. The HOTX and HORX registers may be
serviced by the on-chip DMA controller for data transfers.

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

Dataregisters are 24-bit registers used for high-speed data transfer to and from the DSP. They
are asfollows:
» Host Data Receive Register (HORX)
* Host Data Transmit Register (HOTX)
The control registers are 16-bit registers used to control the HDIO8 functions. The eight MSBs
in the control registers are read by the DSP as zero. The control registers are as follows:
* Host control register (HCR)
* Host status register (HSR)
* Host base address register (HBAR)
* Host port control register (HPCR)
* Host GPIO data direction register (HDDR)
* Host GPIO data register (HDR)

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

6.5.1 HOST RECEIVE DATA REGISTER (HORX)

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

6.5.2 HOST TRANSMIT DATA REGISTER (HOTX)

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

Note: When writing data to a peripheral device, there is atwo-cycle pipeline delay until
any status bits affected by the operation are updated. If the programmer reads any
of those status bits within the next two cycles, the bit will not reflect its current
status. See the DSP56300 24-Bit Digital Sgnal Processor Family Manual,
Motorola publication DSP56300FM/AD for further details.

6.5.3 HOST CONTROL REGISTER (HCR)

The HCR is 16-bit read/write control register used by the DSP core to control the HDI08
operating mode. The initialization values for the HCR bits are described in Section 6.5.9. The
HCR bits are described in the following paragraphs.

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

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | |HDM2]HMD1|HDMO| HF3 | HF2 [ HCIE | HTIE | HRIE |

:| - Reserved hit. Read as 0. Should be written with O for future compatibility.

6.5.3.1 HCR Host Receive Interrupt Enable (HRIE) Bit O

The HRIE hit is used to enable the host receive data interrupt request. When the host receive
datafull (HRDF) status bit in the host status register (HSR) is set, ahost receive datainterrupt
request occursif HRIE is set. If HRIE is cleared, HRDF interrupts are disabled.
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6.5.3.2 HCR Host Transmit Interrupt Enable (HTIE) Bit 1

The HTIE bit is used to enable the host transmit data empty interrupt request. When the host
transmit data empty (HTDE) status bit in the HSR is set, a host transmit data interrupt request
occursif HTIE isset. If HTIE is cleared, HTDE interrupts are disabled.

6.5.3.3 HCR Host Command Interrupt Enable (HCIE) Bit 2

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

Note: Host interrupt request priorities: If more than one interrupt request sourceis
asserted and enabled (e.g. HRDF=1, HCP=1, HRIE=1 and HCIE=1), the HDI08
generates interrupt requests according to the following table:

Table 6-4 HDIO8 IRQ

Priority Interrupt Source

Highest Host Command (HCP=1)

Transmit Data (HTDE=1)

Lowest Receive Data (HRDF=1)

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

HF2 and HF3 bits are used as a general-purpose flags for DSP to host communication. HF2
and HF3 may be set or cleared by the DSP core. HF2 and HF3 are reflected in the interface
status register (1SR) on the host side such that if they are modified by the DSP software, the
host processor can read the modified values by reading the ISR.

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

6.5.3.5 HCR Host DMA Mode Control Bits (HDMO, HDM1, HDM2) Bits 5-7
The HDM[2:0] bits are used to enable the HDIO8 DMA mode operation. The HDIO8 DMA
mode supports external DMA controller devices connected to the HDI108 on the Host side.
This mode should not be confused with the operation of the on-chip DMA controller.

With HDM[2:0] cleared, the HDI08 does not support DMA mode operation and the TREQ
and RREQ control bits are used for host processor interrupt control viathe external HOREQ
output signal (or HRREQ and HTREQ output signalsif HDREQ in the ICR is set). Also, in
the non-DMA mode, the HACK input signal is used for the MC68000 Family vectored
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interrupt acknowledge input. If HDM[2:0] are not all cleared, the HDI08 operates as
described in Table 6-5.

Table 6-5 HDM[2:0] Functionality

HDM Mode

2 1 0 Description ICR

0 0 0 | DMA operation disabled

‘ INIT ‘ ‘HLEND‘ HF1 ‘ HFO ‘HDRQ‘ TREQ ‘ RREQ‘

1 0 0 | DMA Operation Enabled.

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

transfers.

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

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

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

‘ INIT ‘HDMl‘HDMO‘ HF1 ‘ HFO ‘ ‘TREQ‘RREQ‘

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

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

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

If HDM1 or HDMO are set, the DMA mode is enabled, and the HOREQ signal is used to
request DMA transfers (the value of the HM 1, HMO, HLEND and HDREQ bitsin the ICR
have no affect). When the DMA mode is enabled, the HDM2 bit selects the direction of DMA
transfers:

— setting HDMZ2 sets the direction of DMA transfer to be DSP to host and enables
the HOREQ signal to request data transfer.

— clearing HDMZ2 sets the direction of DMA transfer to be host to DSP and enables
the HOREQ signal to request data transfer.

The HACK input signal is used as a DMA transfer acknowledge input. If the DMA direction
is from DSP to host, the contents of the selected register are driven onto the host data bus
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when HACK is asserted. If the DMA direction is from host to DSP, the selected register is
written from the host data bus when HACK is asserted.

The size of the DMA word to be transferred is determined by the DMA control bits,
HDMI[1:0]. Only the dataregisters TXH, TXM, TXL and RXH, RXM, RXL can be accessed
in DMA mode.The HDI08 data register selected during a DMA transfer is determined by a
2-bit address counter, which is preloaded with the value in HDM[1:0]. The address counter
substitutes for the address bits of the HDI108 during a DMA transfer. The address counter can
beinitialized with the INIT bit feature. After each DMA transfer on the host data bus, the
address counter is incremented to the next register. When the address counter reaches the
highest register (RXL or TXL), the address counter is not incremented but is loaded with the
valuein HDM[1:0]. Thisallows 8-, 16- or 24-hit datato be transferred in a circular fashion
and eliminates the need for the DMA controller to supply the HA2, HA1, and HAO signals.
For 16- or 24-hit data transfers, the DSP CPU interrupt rate is reduced by afactor of 2 or 3,
respectively, from the host request rate — i.e., for every two or three host processor data
transfers of one byte each, there is only one 24-bit DSP CPU interrupt.

If HDM1 or HDMO are set, the HM[1:0] bits in the ICR register reflect the value of
HDM[1:0].

The HDM[2:0] bits should be changed only while HEN is cleared in the HPCR.

6.5.3.6 HCR Reserved Bits 8-15
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

6.5.4 HOST STATUS REGISTER (HSR)

The HSR is a 16-bit read-only status register used by the DSP to read the status and flags of
the HDIO8. It cannot be directly accessed by the host processor. The initialization values for
the HSR bits are described in Section 6.5.9. The HSR bits are described in the following
paragraphs.

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

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

: - Reserved bit. Read as 0. Should be written with O for future compatibility.

6.5.4.1 HSR Host Receive Data Full (HRDF) Bit 0

The HRDF bit indicates that the host receive data register (HORX) contains data from the host
processor. HRDF is set when data is transferred from the TXH: TXM:TXL registers to the
HORX register. HRDF is cleared when HORX is read by the DSP core. If HRDF is set the

6-10 DSP56362 MOTOROLA



Host Interface (HDIO8)
HDIO8 — DSP-Side Programmer’s Model

HDI08 generates areceive datafull DMA request, if enabled by aDSP core DMA Channel. If
HRDF is set when HRIE is set, a host receive data interrupt request is generated. HRDF can
also be cleared by the host processor using the initialize function.

6.5.4.2 HSR Host Transmit Data Empty (HTDE) Bit 1

The HTDE bit indicates that the host transmit data register (HOTX) is empty and can be
written by the DSP core. HTDE is set when the HOTX register is transferred to the
RXH:RXM:RXL registers. HTDE is cleared when HOTX is written by the DSP core. If
HTDE is set the HDI08 generates a transmit data empty DMA request, if enabled by a DSP
core DMA Channel. If HTDE is set when HTIE is set, ahost transmit data interrupt request is
generated. HTDE can also be set by the host processor using the initialize function.

6.5.4.3 HSR Host Command Pending (HCP) Bit 2

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

6.5.4.4 HSR Host Flags 0,1 (HFO,HF1) Bits 3-4

HFO and HF1 bits are used as a general-purpose flags for host to DSP communication. HFO
and HF1 may be set or cleared by the host. HFO and HFL1 reflect the status of host flags HFO
and HF1 in the ICR register on the host side.

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

6.5.4.5 HSR Reserved Bits 5-6, 8-15
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

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

* HCR bits HDM[2:0] = 100 and the host processor has enabled the DMA mode by
setting either or both the ICR bits HM1 and HMO
» Either or both of the HCR bits HDM1 and HDMO have been set

When the DMA bit is zero, the channel not in use can be used for polled or interrupt operation
by the DSP.
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6.5.5 HOST BASE ADDRESS REGISTER (HBAR)

The HBAR isused in multiplexed bus modes. This register selects the base address where the
host side registers are mapped into the bus address space. The address from the host busis
compared with the base address as programmed in the base address register. If the addresses
match, an internal chip select is generated. The use of thisregister by the chip select logicis
shown in Figure 6-5.

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

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

[ |- Reserved bit. Read as 0. Should be written with 0, for future compatibility.

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

6.5.5.2 HBAR Reserved Bits 8-15
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

HADI[0-7] —

Latch | a[3:7]
HAS —
HA[8:10]

-

Chip select

Base

DSP Peripheral Address |8 bits
data bus register |

COMPARATOR

BA[3:7]

Figure 6-5 Self Chip Select logic
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6.5.6 HOST PORT CONTROL REGISTER (HPCR)

The HPCR is a 16-bit read/write control register used by the DSP to control the HDI08
operating mode. The initialization values for the HPCR bits are described in Section 6.5.9.
The HPCR bits are described in the following paragraphs.

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

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

[ |- Reserved bit. Read as 0. Should be written with 0, for future compatibility.

Note: To assure proper operation of the HD108, the HPCR bits HAP, HRP, HCSP,
HDDS, HMUX, HASP, HDSP, HROD, HAEN and HREN should be changed
only if HEN is cleared. Also, the HPCR bitsHAP, HRP, HCSP, HDDS, HMUX,
HASP, HDSP, HROD, HAEN, HREN, HCSEN, HA9EN and HABEN should not
be set when HEN is set or simultaneously with setting HEN.

6.5.6.1 HPCR Host GPIO Port Enable (HGEN) Bit 0

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

6.5.6.2 HPCR Host Address Line 8 Enable (HABEN) Bit 1

If the HABEN bhit is set and the HDI08 is used in multiplexed bus mode, then HA8/HAl is
used as host address line 8 (HA8). If thisbit is cleared and the HDI08 is used in multiplexed
bus mode, then HA8/HA1 is configured as GPIO pin according to the value of HDDR and
HDR registers. HA8EN isignored when the HDIO8 is not in the multiplexed bus mode
(HMUX=0).

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

If the HA9EN bit is set and the HDI08 is used in multiplexed bus mode, then HA9/HA2 is
used as host address line 9 (HA9). If thisbit is cleared and the HDI08 is used in multiplexed
bus mode, then HA9/HAZ2 is configured as GPIO pin according to the value of HDDR and
HDR registers. HA9EN isignored when the HDIO8 is not in the multiplexed bus mode
(HMUX=0).

6.5.6.4 HPCR Host Chip Select Enable (HCSEN) Bit 3

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

The HREN bit controls the host request signals. If HREN is set and the HDI08 isin the single
host request mode (HDRQ=0 in the ICR), HOREQ/HTRQ is configured as the host request
(HOREQ) outpui.

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

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

6.5.6.6 HPCR Host Acknowledge Enable (HAEN) Bit 5

The HAEN bit controls the HACK signal. In the single host request mode (HDRQ=0 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 pin
according to the value of HDDR and HDR registers. In the double host request mode
(HDRQ=1inthe ICR), HAEN isignored.

6.5.6.7 HPCR Host Enable (HEN) Bit 6

If the HEN bit is set, the HDI08 operation is enabled as Host Interface. If cleared, the HDIO8
isnot active, and all the HDI08 pins are configured as GPI O pins according to the value of
HDDR and HDR registers.

6.5.6.8 HPCR Reserved Bit 7
Thisbit isreserved. It reads as zero and should be written with zero for future compatibility.

6.5.6.9 HPCR Host Request Open Drain (HROD) Bit 8

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

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

6.5.6.10 HPCR Host Data Strobe Polarity (HDSP) Bit 9

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

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

6.5.6.12 HPCR Host Multiplexed bus (HMUX) Bit 11

If the HMUX bit is set, the HDI108 latches the lower portion of amultiplexed address/data bus.
In this mode the internal address line values of the host registers are taken from the internal
latch. If HMUX iscleared, it indicates that the HDI08 is connected to a non-multiplexed type
of bus, and the address lines are taken from the HDI08 input signals.

6.5.6.13 HPCR Host Dual Data Strobe (HDDS) Bit 12

If the HDDS bit iscleared, the HD108 operatesin the single strobe bus mode. In this mode, the
bus has a single data strobe signal for both reads and writes. If HDDS is set, the HDIO8
operates in the dual strobe bus mode. In this mode, the bus has two separate data strobes, one
for data reads, the other for data writes. See Figure 6-7 and Figure 6-8 for more information
on the two types of buses.

HRW

HDS

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

Figure 6-7 Single strobe bus

Data Write datain

HWR  Writecycle

Data Read data out

nrp Readcycle

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

Figure 6-8 Dual strobes bus
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6.5.6.14 HPCR Host Chip Select Polarity (HCSP) Bit 13

If the HCSP bit is cleared, the chip select (HCS) signal is configured as an active low input
and the HDI08 is selected when the HCS signal islow. If HCSPis set, HCS is configured as
an active high input and the HD108 is sel ected when the HCS signal ishigh. Thisbit isignored
in the multiplexed mode.

6.5.6.15 HPCR Host Request Polarity (HRP) Bit 14

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

In the double host request mode (HDRQ=1 in the ICR), if HRPis cleared and host requests
are enabled (HREN=1 and HEN=L1 in the HPCR), the HTRQ and HRRQ signals are active
low outputs. If HRP is set and host requests are enabled, the HTRQ and HRRQ signals are
active high outputs.

6.5.6.16 HPCR Host Acknowledge Polarity (HAP) Bit 15

If the HAP bit is cleared, the host acknowledge (HACK) signal is configured as an active low
input, and the HDI108 drives the contents of the HIVR register onto the host bus when the
HACK signal islow. If HAPis set, HACK is configured as an active high input, and the
HDI08 outputs the contents of the HIVR register when the HACK signal is high.

6.5.7 DATA DIRECTION REGISTER (HDDR)

The HDDR controls the direction of the data flow for each of the HDI08 pins configured as
GPIO. Even when the HDI08 is used as the host interface, some of its unused signals may be
configured as GPIO pins. For information on the HDIO8 GPIO configuration options, see
Section 6.6.8. If bit DRxx is set, the corresponding HDIO8 pin is configured as an output
signal. If bit DRxx is cleared, the corresponding HDIO8 pin is configured as an input signal.
See Table 6-6.

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

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 |
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6.5.8 HOST DATA REGISTER (HDR)

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

Figure 6-10 Host Data Register (HDR) (X:$FFFFC9)

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 |

Table 6-6 HDR and HDDR Functionality

HDDR HDR
Dxx
DRxx
GPIO pin? non-GPI O pin?
0 Read only bit. The value read is the binary value of the pin. | Read only bit. Does not contain significant data.
The corresponding pin is configured as an input.
1 Read/write bit. The value written is the value read. The Read/write bit. The value written is the value read.
corresponding pin is configured as an output, and is driven
with the data written to Dxx.

aDefined by the selected configuration

6.5.9 DSP-SIDE REGISTERS AFTER RESET

Table 6-7 shows the results of the four reset types on the bitsin each of the HDI08 registers
accessible by the DSP core. The hardware reset (HW) is caused by the RESET signal. The
software reset (SW) is caused by executing the RESET instruction. The individual reset (IR)
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is caused by clearing the HEN bit (HPCR bit 6). The stop reset (ST) is caused by executing the
STOP instruction.

Table 6-7 DSP-Side Registers after Reset

Reset Type
Register Register
Name Data HW SW IR ST
Reset Reset Reset Reset
HCR All bits 0 0 — —
HPCR All bits 0 0 — —
HSR HF[1:0] 0 0 — —
HCP 0 0 0 0
HTDE 1 1 1 1
HRDF 0 0 0 0
DMA 0 0 — —
HBAR BA[10:3] $80 $80 — —
HDDR DR[15:0] 0 0 — —
HDR D[15:0] — — — —
HORX HORX[23:0] empty empty empty empty
HOTX HOTX[23:0] empty empty empty empty
Note: A long dash (—) denotes that the register value is not affected by the specified reset.

6.5.10 HOST INTERFACE DSP CORE INTERRUPTS

The HDI08 may request interrupt service from either the DSP core or the host processor. The
DSP coreinterrupts are internal and do not require the use of an external interrupt pin. When
the appropriate interrupt enable bit in the HCR is set, an interrupt condition caused by the host
processor sets the appropriate bit in the HSR, generating an interrupt request to the DSP core.
The DSP core acknowledges interrupts caused by the host processor by jumping to the
appropriate interrupt service routine. The three possible interrupts are as follows:

¢ Host command

* Transmit data register empty

* Receive data register full

Although there is a set of vectors reserved for host command use, the host command can
access any interrupt vector in the interrupt vector table. The DSP interrupt service routine
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must read or write the appropriate HD108 register (clearing HRDF or HTDE, for example) to
clear theinterrupt. In the case of host command interrupts, the interrupt acknowledge from the
DSP core program controller clearsthe pending interrupt condition. Figure 6-11 illustrates the
HSR-HCR operation.

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

Figure 6-11 HSR-HCR Operation

6.6 HDIO8 — EXTERNAL HOST PROGRAMMER’S MODEL

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

The HDI108 appears to the host processor as a memory-mapped peripheral occupying 8 bytes
in the host processor address space (See Table 6-8). The eight HDI08 include the following:
« A control register (ICR)
» A status register (ISR)
* Three data registers (RXH/TXH, RXM/TXM and RXL/TXL)
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» Two vector registers (IVR and CVR)

These registers can be accessed only by the host processor.

Host processors may use standard host processor instructions (e.g., byte move) and addressing
modes to communicate with the HDI08 registers. The HDIOS registers are aligned so that 8-bit
host processors can use 8/16/24-bit load and store instructions for data transfers. The
HOREQ/HTRQ and HACK/HRRQ handshake flags are provided for polled or

interrupt-driven data transfers with the host processor. Because the DSP interrupt response,
most host microprocessors can load or store data at their maximum programmed 1/O
instruction rate without testing the handshake flags for each transfer. If full handshake is not
needed, the host processor can treat the DSP as a fast device, and data can be transferred
between the host processor and the DSP at the fastest host processor data rate.

One of the most innovative features of the host interface is the host command feature. With
this feature, the host processor can issue vectored interrupt requests to the DSP core. The host
may select any of 128 DSP interrupt routines to be executed by writing a vector address
register in the HDIO8. This flexibility allows the host programmer to execute up to 128
pre-programmed functions inside the DSP. For example, host interrupts can allow the host
processor to read or write DSP registers (X, Y, or program memory locations), force interrupt
handlers (e.g. IRQARQB, etc. interrupt routines), and perform control and debugging
operations if interrupt routines are implemented in the DSP to perform these tasks.

Table 6-8 HDIO8 Host Side Register Map

Host Big Endian Little Endian Function
Address HLEND=0 HLEND=1
0 ICR ICR Interface Control
1 CVR CVR Command Vector
2 ISR ISR Interface Status
3 IVR IVR Interrupt Vector
4 00000000 00000000 Unused
5 RXH/TXH RXL/TXL
6 RXM/TXM RXM/TXM Receive/Transmit
Bytes
7 RXL/TXL RXH/TXH
Host Data Bus Host Data Bus
HO - H7 HO - H7
Note: The RXH/TXH register is always mapped to the most significant byte of the DSP word.
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6.6.1 INTERFACE CONTROL REGISTER (ICR)

ThelCR isan 8-bit read/write control register used by the host processor to control the HDI108
interrupts and flags. The ICR cannot be accessed by the DSP core. The ICR is aread/write
register, which allows the use of bit manipulation instructions on control register bits. The
control bits are described in the following paragraphs.

Bits 2, 5 and 6 of the ICR are affected by the condition of HDM[2:0] (HCR bits 5-7), as
shown in Figure 6-12.

Figure 6-12 Interface Control Register (ICR)

7 6 5 4 3 2 1 0
For HDM[2:0]=000 | INIT | [ HLEND | HF1 | HF0O | HDRQ | TREQ | RREQ |
For HDM[2:0]=100 | INIT | HM1 | HMO | HFL | HFO | | TREQ | RREQ |
For HDM1=1and/or [ INIT HDM1 | HDMO HF1 HFO TREQ | RREQ
HDMO=1
HDM[1:0] - These read-only bits reflect the value of the HDM[1:0] bitsin the HCR.
[ |- Reserved bit. Read as 0. Should be written with O for future compatibility.
6.6.1.1 ICR Receive Request Enable (RREQ) Bit 0

In interrupt mode (HDM[2:0]=000 or HM[1:0]=00), RREQ is used to enable host receive data
reguests via the host request (HOREQ or HRRQ) signal when the receive data register full
(RXDF) status bit inthe ISR is set. If RREQ iscleared, RXDF requests are disabled. If RREQ
is set, the host request signal (HOREQ or HRRQ) is asserted if RXDF is set.

In the DMA modes where HDM[2:0]=100 and (HM 1£0 or HM0z0), RREQ must be set and
TREQ must be cleared to direct DMA transfers from DSP to host. In the other DMA modes,
RREQ isignored.

Table 6-9 summarizes the effect of RREQ and TREQ on the HOREQ, HTRQ and HRRQ
signals.

6.6.1.2 ICR Transmit Request Enable (TREQ) Bit 1

In interrupt mode (HDM[2:0]=000 or HM[1:0]=00), TREQ is used to enable host transmit
datareguests via the host request (HOREQ or HTRQ) signal when the transmit data register
empty (TXDE) status bit inthe ISR is set. If TREQ iscleared, TXDE requests are disabled. If
TREQ is set, the host request signal (HOREQ or HTRQ) is asserted if TXDE is set.
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In the DMA modes where HDM[2:0]=100 and (HM 10 or HM0£0), TREQ must be set and
RREQ must be cleared to direct DMA transfers from host to DSP. In the other DMA modes,
TREQ isignored.

Table 6-9 summarizes the effect of RREQ and TREQ on the HOREQ, HTRQ and HRRQ
signals.

Table 6-9 TREQ RREQ Interrupt Mode (HDM[2:0]=000 or HM[1:0]=00)

HDRQ=0 HDRQ=1
TREQ RREQ
HOREQ signal HTRQ signal HRRQ signal
0 0 No Interrupts (Polling) No Interrupts (Polling) No Interrupts (Polling)
0 1 RXDF Reguest (Interrupt) No Interrupts (Polling) RXDF Request (Interrupt)
1 0 TXDE Request (Interrupt) TXDE Request (Interrupt) No Interrupts (Polling)
1 1 RXDF and TXDE Requests (Interrupts) TXDE Request (Interrupt) RXDF Request (Interrupt)
Table 6-10 TREQ RREQ DMA Mode (HM1#£0 or HM0=0)
TREQ RREQ HDRQ=0 HDRQ=1
HOREQ signal HTRQ signal HRRQ signal
0 0 No DMA request No DMA request No DMA request
0 1 DSP to Host Request (RX) No DMA request DSP to Host Request (RX)
1 0 Host to DSP Request (TX) Host to DSP Request (TX) No DMA request
1 1 Reserved Reserved Reserved
6.6.1.3 ICR Double Host Request (HDRQ) Bit 2

The HDRQ bit determines the functions of the HOREQ/HTRQ and HACK/HRRQ signals as
shown in Table 6-11.

Table 6-11 HDRQ

HDRQ HOREQ/HTRQ pin HACK/HRRQ pin
0 HOREQ signal HACK signa
1 HTRQ signal HRRQ signal

6.6.1.4 ICR Host Flag 0 (HFO) Bit 3

The HFO hit is used as a general purpose flag for host-to-DSP communication. HFO may be
set or cleared by the host processor and cannot be changed by the DSP core. HFO is reflected
in the HSR on the DSP side of the HDI08.
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6.6.1.5 ICR Host Flag 1 (HF1) Bit 4

The HF1 bit is used as a general purpose flag for host-to-DSP communication. HF1 may be
set or cleared by the host processor and cannot be changed by the DSP core. HF1 is reflected
in the HSR on the DSP side of the HDI08.

6.6.1.6 ICR Host Little Endian (HLEND) Bit 5

If the HLEND bhit is cleared, the HDI08 can be accessed by the host in big endian byte order.
If set, the HDI08 can be accessed by the host in little endian byte order. If the HLEND bit is
cleared, the RXH/TXH register islocated at address $5, the RXM/TXM register islocated at
address $6, and the RXL/TXL register islocated at address $7. If the HLEND bit is set, the
RXH/TXH register islocated at address $7, the RXM/TXM register is located at address $6,
and the RXL/TXL islocated at address $5. See Table 6-8 for an illustration of the effect of
HLEND.

The HLEND function is available only if HDM[2:0]=000 in the host control register (HCR).
When HLEND is available, the ICR bit 6 has no function and should be regarded as reserved.

6.6.1.7 ICR Host Mode Control (HM1 and HMO bits) Bits 5-6

Bits 6 and 5 function asread/write HM[1:0] bits only when the HCR bits HDM[2:0]=100 (See
Table 6-5). The HMO0 and HM1 bits select the transfer mode of the HDI08, as shown in Table
6-12.

Table 6-12 Host Mode Bit Definition

HM1 HMO Mode
0 0 Interrupt Mode (DMA Off)
0 1 DMA Mode (24 Bit)

1 0 DMA Mode (16 Bit)
1 1 DMA Mode (8 Bit)

When both HM1 and HMO are cleared, the DMA mode is disabled and the interrupt mode is
enabled. In interrupt mode, the TREQ and RREQ control bits are used for host processor
interrupt control viathe external HOREQ output signal, and the HACK input signal is used
for the MC68000 Family vectored interrupt acknowledge input.

When HM 1 and/or HMO are set, they enable the DMA mode and determine the size of the
DMA word to be transferred. In the DMA mode, the HOREQ signal is used to request DMA
transfers, the TREQ and RREQ bits select the direction of DMA transfers (see Table 6-10),
and the HACK input signal isused as a DMA transfer acknowledge input. If the DMA
direction isfrom DSP to host, the contents of the selected register are enabled onto the host
data bus when HACK is asserted. If the DMA direction isfrom host to DSP, the selected
register is written from the host data bus when HACK is asserted.
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The size of the DMA word to be transferred is determined by the DMA control bits, HMO and
HM1. The HDIO8 host side data register selected during a DMA transfer is determined by a
2-bit address counter, which is preloaded with the value in HM 1 and HMO. The address

counter substitutes for the HA1 and HAO host address signals of the HDI08 during aDMA
transfer. The host address signal HA2 isforced to one during each DMA transfer. The address
counter can be initialized with the INIT bit feature. After each DMA transfer on the host data
bus, the address counter is incremented to the next data register. When the address counter
reaches the highest register (RXL or TXL), the address counter is not incremented but is

loaded with the valuein HM1 and HMO. Thisalows 8-, 16- or 24-bit data to be transferred in
acircular fashion and eliminates the need for the DMA controller to supply the HA2, HA1,

and HAO address signals. For 16- or 24-bit data transfers, the DSP CPU interrupt rateis
reduced by a factor of 2 or 3, respectively, from the host request rate — i.e., for every two or
three host processor data transfers of one byte each, there is only one 24-bit DSP CPU
interrupt.

If either HDM1 or HDMO in the HCR register are set, bits 6 and 5 become read-only bits that
reflect the value of HDM[1:0].

6.6.1.8 ICR Initialize Bit (INIT) Bit 7
The INIT bit is used by the host processor to force initialization of the HDIO8 hardware.
During initialization, the HDIO8 transmit and receive control bits are configured.

Using the INIT bit to initialize the HDIO8 hardware may or may not be necessary, depending
on the software design of the interface.

The type of initialization done when the INIT bit is set depends on the state of TREQ and
RREQ in the HDIO8. The INIT command, which is local to the HDIOS, is designed to
conveniently configure the HDIOS8 into the desired data transfer mode. The effect of the INIT
command is described in Table 6-13. When the host sets the INIT bit, the HDIO8 hardware
executes the INIT command. The interface hardware clears the INIT bit after the command
has been executed.

Table 6-13 INIT Command Effect

TREQ RREQ After INIT Execution Transfer Direction Initialized
0 0 INIT=0 None
0 1 INIT=0; RXDF=0; HTDE=1 DSP to Host
1 0 INIT=0; TXDE=1; HRDF=0 Host to DSP
1 1 INIT=0; RXDF=0; HTDE=1; TXDE=1; HRDF=0 Host to/from DSP
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6.6.2 COMMAND VECTOR REGISTER (CVR)

The CVR isused by the host processor to cause the DSP core to execute an interrupt. The host
command feature is independent of any of the data transfer mechanismsin the HDI08. It can
be used to invoke execution of any of the 128 possible interrupt routines in the DSP core.

Figure 6-13 Command Vector Register (CVR)

7 6 5 4 3 2 1 0
| HC | HV6 | HVS ] HV4 ] HV3 ] HV2 | HV1I ] HVO |
6.6.2.1 CVR Host Vector (HV[6:0]) Bits 0-6

The seven HV bits select the host command interrupt address to be used by the host command
interrupt logic. When the host command interrupt is recognized by the DSP interrupt control
logic, the address of the interrupt routine taken is 2 DJHV. The host can write HC and HV in
the same write cycle.

The host processor can select the starting address of any of the 128 possible interrupt routines
in the DSP by writing the interrupt routine address divided by 2 into the HV bits. The host
processor can thus force execution of any of the existing interrupt handlers (IRQA, IRQB,
etc.) and can use any of the reserved or otherwise unused addresses provided they have been
pre-programmed in the DSP. HV[6:0] is set to $32 (vector location $0064) by hardware,
software, individual and stop resets.

6.6.2.2 CVR Host Command Bit (HC) Bit 7

The HC bit is used by the host processor to handshake the execution of host command
interrupts. Normally, the host processor sets HC to request the host command interrupt from
the DSP core. When the host command interrupt is acknowledged by the DSP core, the HC bit
is cleared by the HDI08 hardware. The host processor can read the state of HC to determine
when the host command has been accepted. After setting HC, the host must not write to the
CVR again until HC is cleared by the HDI08 hardware. Setting HC causes the host command
pending (HCP) in the HSR to be set. The host can write to the HC and HV bitsin the same
write cycle.

6.6.3 INTERFACE STATUS REGISTER (ISR)

ThelSRisan 8-hit read-only status register used by the host processor to interrogate the status
and flags of the HDI08. The host processor can write to this address without affecting the
internal state of the HDI08, which is useful if the user desiresto access all of the HDI08
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registers by stepping through the HDI108 addresses. The ISR cannot be accessed by the DSP
core. The ISR bits are described in the following paragraphs.

Figure 6-14 Interface Status Register (ISR)

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

| |- Reserved bit. Read as 0. Should be written with O for future compatibility. |

6.6.3.1 ISR Receive Data Register Full (RXDF) Bit O

The RXDF bit indicates that the receive byte registers (RXH:RXM:RXL) contain data from
the DSP core and may be read by the host processor. RXDF is set when the contents of HOTX
istransferred to the receive byte registers. RXDF is cleared when the receive data (RXL or
RXH according to HLEND bit) register isread by the host processor. RXDF can be cleared by
the host processor using the initialize function. RXDF may be used to assert the external
HOREQ signal if the RREQ bit is set. Regardless of whether the RXDF interrupt is enabled,
RXDF indicates whether the RX registers are full and data can be latched out (so that polling
techniques may be used by the host processor).

6.6.3.2 ISR Transmit Data Register Empty (TXDE) Bit 1

The TXDE bit indicates that the transmit byte registers (TXH: TXM:TXL) are empty and can
be written by the host processor. TXDE is set when the contents of the transmit byte registers
are transferred to the HORX register. TXDE is cleared when the transmit (TXL or TXH
according to HLEND bit) register is written by the host processor. TXDE can be set by the
host processor using the initialize feature. TXDE may be used to assert the external HOREQ
signal if the TREQ bit is set. Regardless of whether the TXDE interrupt is enabled, TXDE
indicates whether the TX registers are full and data can be latched in (so that polling
techniques may be used by the host processor).

6.6.3.3 ISR Transmitter Ready (TRDY) Bit 2
The TRDY status bit indicates that TXH: TXM:TXL and the HORX registers are empty.

TRDY=TXDE ¢ HRDF

If TRDY is set, the data that the host processor writesto TXH: TXM:TXL isimmediately
transferred to the DSP side of the HDI08. This feature has many applications. For example, if
the host processor issues a host command which causes the DSP core to read the HORX, the
host processor can be guaranteed that the data it just transferred to the HDI108 iswhat is being
received by the DSP core.

6.6.3.4 ISR Host Flag 2 (HF2) Bit 3
The HF2 bit in the ISR indicates the state of host flag 2 in the HCR on the DSP side. HF2 can
be changed only by the DSP (see Section 6.5.3.4).
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6.6.3.5 ISR Host Flag 3 (HF3) Bit 4
The HF3 bit in the ISR indicates the state of host flag 3 in the HCR on the DSP side. HF3 can
be changed only by the DSP (see Section 6.5.3.4).

6.6.3.6 ISR Reserved Bits 5-6
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

6.6.3.7 ISR Host Request (HREQ) Bit 7

The HREQ bit indicates the status of the external host request output signal (HOREQ) if
HDRQ iscleared. If HDRQ is set, it indicates the status of the external transmit and receive
request output signals (HTRQ and HRRQ).

Table 6-14 Host Request Status (HREQ)

HREQ Status [HDRQ=0] Status[HDRQ=1]

0 HOREQ deasserted; no host processor interrupt is requested |HTRQ and HRRQ deasserted; no host processor interrupts are
requested

1 HOREQ asserted; a host processor interrupt is requested HTRQ and/or HRRQ asserted; host processor interrupts are
requested

The HREQ bit may be set from either or both of two conditions — either the receive byte

registers are full or the transmit byte registers are empty. These conditions are indicated by the
ISR RXDF and TXDE status bits, respectively. If the interrupt source has been enabled by the
associated request enable bit in the ICR, HREQ is set if one or more of the two enabled
interrupt sources is set.

6.6.4 INTERRUPT VECTOR REGISTER (IVR)

The IVR is an 8-bit read/write register which typically contains the interrupt vector number
used with MC68000 Family processor vectored interrupts. Only the host processor can read
and write this register. The contents of IVR are placed on the host data bus (HO—H7) when
both the HOREQ and HACK signals are asserted. The contents of this register are initialized
to $OF by hardware or software reset, which corresponds to the uninitialized interrupt vector
in the MC68000 Family.

Figure 6-15 Interrupt Vector Register (IVR)

7 6 5 4 3 2 1 0
[ v ] IV6 | IV5 | V4 | V3 | V2 | V1 | IVO |
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6.6.5 RECEIVE BYTE REGISTERS (RXH:RXM:RXL)

The receive byte registers are viewed by the host processor as three 8-bit read-only registers.
These registers are the receive high register (RXH), the receive middle register (RXM) and
the receive low register (RXL). They receive data from the high, middie and low bytes,
respectively, of the HOTX register and are selected by the external host address inputs (HA2,
HA1 and HAQ) during a host processor read operation.

The memory locations of the receive byte registers are determined by the HLEND bit in the
ICR. If the HLEND bit is set, the RXH islocated at address $7, RXM at $6 and RXL at $5. If
the HLEND bit is cleared, the RXH islocated at address $5, RXM at $6 and RXL at $7.

When dataistransferred from the HOTX register to the receive byte registers, the receive data
register full (RXDF) bit is set. The host processor may program the RREQ bit to assert the
external HOREQ/HRRQ signal when RXDF is set. Thisindicates that the HDI08 has a full
word (either 8, 16 or 24 bits) for the host processor. When the host reads the receive byte
register at host address $7, the RXDF hit is cleared.

6.6.6 TRANSMIT BYTE REGISTERS (TXH:TXM:TXL)

Thetransmit byte registers are viewed as three 8-bit write-only registers by the host processor.
These registers are the transmit high register (TXH), the transmit middle register (TXM) and
the transmit low register (TXL). These registers send data to the high, middie and low bytes,

respectively, of the HORX register and are selected by the external host address inputs (HA2,
HA1 and HAQ) during a host processor write operation.

If the HLEND bitinthel CRiscleared, the TXH islocated at address $5, TXM at $6 and TXL
at $7. If the HLEND bit in the ICR is set, the TXH islocated at address $7, TXM at $6 and
TXL at $5.

Datamay be written into the transmit byte registers when the transmit data register empty
(TXDE) bit is set. The host processor may program the TREQ bit to assert the external
HOREQ/HTRQ signal when TXDE is set. Thisinforms the host processor that the transmit
byte registers are empty. Writing to the data register at host address $7 clears the TXDE hit.
The contents of the transmit byte registers are transferred as 24-bit data to the HORX register
when both TXDE and the HRDF hit are cleared. This transfer operation sets TXDE and
HRDF.
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6.6.7 HOST SIDE REGISTERS AFTER RESET

Table 6-15 shows the result of the four kinds of reset on bitsin each of the HDI08 registers
seen by the host processor. The hardware reset (HW) is caused by asserting the RESET signal.
The software reset (SW) is caused by executing the RESET instruction. The individual reset
(IR) is caused by clearing the HEN bit in the HPCR register. The stop reset (ST) is caused by
executing the STOP instruction.

Table 6-15 Host Side Registers After Reset

Reset Type
Register Register
Name Data HW SW IR ST
Reset Reset Reset Reset
ICR All Bits 0 0 — —
CVR HC 0 0 0 0
HV[6:0] $32 $32 — —
ISR HREQ 0 0 1if TREQ is set; 1if TREQ is set;
0 otherwise 0 otherwise
HF3-HF2 0 0 — —
TRDY 1 1 1 1
TXDE 1 1 1 1
RXDF 0 0 0 0
IVR IV[7:0] $OF $OF — —
RX RXH:RXM:RXL empty empty empty empty
TX TXH:TXM:TXL empty empty empty empty
Note: A long dash (—) denotes that the register value is not affected by the specified reset.

6.6.8 GENERAL PURPOSE INPUT/OUTPUT (GPIO)

When configured as general-purpose 1/0, the HDI08 is viewed by the DSP core as
memory-mapped registers (see Section 6.5, “HDIO8 — DSP-Side Programmer’s Model”) that
control up to 16 1/O pins. The software and hardware resets clear all DSP-side control
registers and configure the HDIO8 as GPIO with all 16 signals disconnected. External
circuitry connected to the HDIO8 may need external pull-up/pull-down resistors until the
signals are configured for operation. The registers cleared are the HPCR, HDDR and HDR.
Selection between GPIO and HDIO8 is made by clearing HPCR bits 6 through 1 for GPIO or
setting these bits for HDIO8 functionality. If the HDIOS8 is in GPIO mode, the HDDR
configures each corresponding signal in the HDR as an input signal if the HDDR bit is cleared
or as an output signal if the HDDR bit is set (see Section 6.5.7 and Section 6.5.8).
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6.7 SERVICING THE HOST INTERFACE

The HDI08 can be serviced by using one of the following protocols:

* Polling,

* Interrupts

6.7.1 HDIO8 HOST PROCESSOR DATA TRANSFER

To the host processor, the HDIO8 appears as a contiguous block of static RAM. To transfer
data between itself and the HDIO08, the host processor performs the following steps:
1. Asserts the HDIO8 address to select the register to be read or written.

2. Selects the direction of the data transfer. If it is writing, the host processor drives the
data on the bus.

3. Strobes the data transfer.

6.7.2 POLLING

In the polling mode of operation, the HOREQ/HTRQ signal is not connected to the host
processor and HACK must be deasserted to ensure IVR data is not being driven on HO-H7
when other registers are being polled.

The host processor first performs a data read transfer to read the ISR register.This allows the
host processor to assess the status of the HDIO8:

1. If RXDF=1, the receive byte registers are full and therefore a data read can be
performed by the host processor.

2. If TXDE=1, the transmit byte registers are empty. A data write can be performed by
the host processor.

3. If TRDY=1, the transmit byte registers and the receive data register on the DSP side
are empty. Data written by the host processor is transferred directly to the DSP side.

4. If (HF2+ HF3) # 0, depending on how the host flags have been defined, may indicate
an application-specific state within the DSP core has been reached. Intervention by the
host processor may be required.
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5. If HREQ=1, the HOREQ/HTRQ/HRRQ signal has been asserted, and the DSP is
reguesting the attention of the host processor. One of the previous four conditions
exists.

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

If the host processor hasissued a command to the DSP by writing the CV R and setting the HC
bit, it can read the HC bit in the CVR to determine when the command has been accepted by

the interrupt controller in the DSP core. When the command has been accepted for execution,
the HC bit is cleared by the interrupt controller in the DSP core.

STATUS
7 ——"——0
Mlorea] o [ o [ e [ vee [rror [rxoe [ o ]
HREQ 0 0 HF3 HF2 TRDY | TXDE | RXDF [ ISR
Host Request N HRRQ
ASSERTED J
HOREQ
HTRQ
7 0
$0| INIT | 0 |HLEND| HF1 | HFO |HDRQ |TREQ |RREQ ||CR
N
ENABLE

Figure 6-16 HDIO8 Host Request Structure

6.7.3 SERVICING INTERRUPTS

If either the HOREQ/HTRQ or the HRRQ signal or both are connected to the host processor
interrupt inputs, the HDI08 can request service from the host processor by asserting one of
these signals. The HOREQ/HTRQ and/or the HRRQ signal is asserted when TXDE=1 and/or
RXDF=1 and the corresponding enable bit (TREQ or RREQ), respectively) isset. Thisis
depicted in Figure 6-16.

HOREQ/HTRQ and HRRQ are normally connected to the host processor maskable interrupt
inputs. The host processor acknowledges host interrupts by executing an interrupt service
routine. The host processor can test RXDF and TXDE to determine the interrupt source. The
host processor interrupt service routine must read or write the appropriate HDI08 data register
to clear the interrupt. HOREQ/HTRQ and/or HRRQ is deasserted under the following
conditions:
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* The enabled request is cleared or masked
* The DSP is reset.

If the host processor is a member of the MC68000 family, there is no need for the additional
step when the host processor reads the ISR to determine how to respond to an interrupt
generated by the DSP. Instead, the DSP automatically sources the contents of the IVR on the
data bus when the host processor acknowledges the interrupt by asserting HACK. The
contents of the IVR are placed on the host data bus while HOREQ and HACK are
simultaneously asserted. The IVR data tells the MC680XX host processor which interrupt
routine to execute to service the DSP.
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SECTION I
SERIAL HOST INTERFACE

7.1 INTRODUCTION

The Serial Host Interface (SHI) isaserial 1/O interface that provides a path for
communication and program/coefficient data transfers between the DSP and an external host
processor. The SHI can a'so communicate with other serial peripheral devices. The SHI
supports two well-known and widely used synchronous serial buses. the Motorola Serial
Peripheral Interface (SPI) bus and the Philips Inter-1ntegrated-Circuit Control (I 2C) bus. The
SHI supports either bus protocol as either aslave or a single-master device. To minimize DSP
overhead, the SHI supports 8-bit, 16-bit and 24-bit data transfers. The SHI hasa 1 or 10-word
receive FIFO that permits receiving up to 30 bytes before generating a receive interrupt,
reducing the overhead for data reception.

When configured in the SPI mode, the SHI can perform the following functions:

» Identify its slave selection (in slave mode)

Simultaneously transmit (shift out) and receive (shift in) serial data

Directly operate with 8-, 16- and 24-bit words

Generate vectored interrupts separately for receive and transmit events and update
status bits

Generate a separate vectored interrupt for a receive exception

Generate a separate vectored interrupt for a bus-error exception

Generate the serial clock signal (in master mode)

Trigger DMA interrupts to service the transmit and receive events

When configured in théC mode, the SHI can perform the following functions:

» Detect/generate start and stop events
* Identify its slave (ID) address (in slave mode)
» Identify the transfer direction (receive/transmit)

» Transfer data byte-wise according to the SCL clock line
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» Generate ACK signal following a byte receive
* Inspect ACK signal following a byte transmit
» Directly operate with 8-, 16- and 24-bit words

« Generate vectored interrupts separately for receive and transmit events and update
status bits

» Generate a separate vectored interrupt for a receive exception
* Generate a separate vectored interrupt for a bus error exception
» Generate the clock signal (in master mode)

« Trigger DMA interrupts to service the transmit and receive events

7.2  SERIAL HOST INTERFACE INTERNAL ARCHITECTURE

The DSP views the SHI as a memory-mapped peripheral in the X data memory space. The
DSP uses the SHI as a normal memory-mapped peripheral using standard polling or interrupt
programming techniques and DMA transfers. Memory mapping allows DSP communication
with the SHI registers to be accomplished using standard instructions and addressing modes.
In addition, the MOVEP instruction allows interface-to-memory and memory-to-interface

data transfers without going through an intermediate register. The DMA controller may be
used to service the receive or transmit data path. The single master configuration allows the
DSP to directly connect to dumb peripheral devices. For that purpose, a programmable
baud-rate generator is included to generate the clock signal for serial transfers. The host side
invokes the SHI for communication and data transfer with the DSP through a shift register
that may be accessed serially using either4Beot the SPI bus protocols. Figure 7-1 shows

the SHI block diagram.
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SHI Clock Generator
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SIHA2 A A
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HREQ HRX ———
- Save (FIFO) -
Address
» Recognition
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(SAR) - HSAR |<—>

—_— 24 BIT AA0416

Figure 7-1 Serial Host Interface Block Diagram

7.3 SHICLOCK GENERATOR

The SHI clock generator generates the SHI serial clock if the interface operates in the master

mode. The clock generator is disabled if the interface operatesin the dave mode, except in

1°C mode when the HCKFR bit is set in the HCKR register. When the SHI operates in the

slave mode, the clock isexternal and isinput to the SHI (HMST = 0). Figure 7-2 illustrates the
internal clock path connections. It is the user’s responsibility to select the proper clock rate
within the range as defined in thCland SPI bus specifications.
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HMST-
_\j/l SHI Clock
<SCK/SCL >

i iHMST =0
pivide | | PV9BYL | | pivideBy Clock | osh
Fosc By 2 Divide By 256 lor8 —O/OHMST :'1 Logic Controller
HDMO-HDM7 HRS CPHA, CPOL, HfC AA0417

Figure 7-2 SHI Clock Generator

7.4  SERIAL HOST INTERFACE PROGRAMMING MODEL

The Serial Host Interface programming model has two parts.

* Host side—see Figure 7-3 below and Section 7.4.1

* DSP sde—see Figure 7-4 anflection 7.4.2 through Section 7.4.6 for detailed
information.

23 0
| IOSR | VO shift Register (IOSR)

AA0418

Figure 7-3 SHI Programming Model—Host Side
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Figure 7-4 SHI Programming Model—DSP Side
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The SHI interrupt vector tableis shown in Table 7-1 and the exception priorities generated by
the SHI are shown in Table 7-2.

Table 7-1 SHI Interrupt Vectors

Program Address Interrupt Source
VBA:$0040 SHI Transmit Data
VBA:$0042 SHI Transmit Underrun Error
VBA:$0044 SHI Receive FIFO Not Empty
VBA:$0048 SHI Receive FIFO Full
VBA:$004A SHI Receive Overrun Error
VBA:$004C SHI Bus Error

Table 7-2 SHI Internal Interrupt Priorities

Priority Interrupt

Highest SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

Lowest SHI Receive FIFO Not Empty

7.4.1 SHI INPUT/OUTPUT SHIFT REGISTER (IOSR)—HOST SIDE

The variable length Input/Output Shift Register (IOSR) can be viewed as a serial-to-parallel
and parallel-to-seria buffer in the SHI. The IOSR isinvolved with every data transfer in both
directions (read and write). In compliance with the 12C and SPI bus protocols, datais shifted
in and out MSB first. In 8-bit data transfer modes, the most significant byte of the IOSR is
used asthe shift register. In 16-bit data transfer modes, the two most significant bytes become
the shift register. In 24-hit transfer modes, the shift register uses all three bytes of the IOSR
(see Figure 7-5).
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Note: The IOSR cannot be accessed directly either by the host processor or by the DSP.
It isfully controlled by the SHI controller logic.

23 16 15 8 7 0
—>
Mode of Operation 8-Bit Data 16-Bit Data 24-Bit Data
Mode Mode Mode
T Stops Data When Data Mode is Selected
T Passes Data \When Data Mode is Selected AA0420

Figure 7-5 SHI I/O Shift Register (IOSR)

71.4.2 SHI HOST TRANSMIT DATA REGISTER (HTX)—DSP SIDE

The host transmit data register (HTX) is used for DSP-to-Host data transfers. The HTX
register is 24 bits wide. Writing to the HTX register by DSP core instructions or by DMA
transfers clearsthe HTDE flag. The DSP may program the HTIE bit to cause a host transmit
datainterrupt when HTDE is set (see 7.4.6.10 HCSR Transmit-Interrupt Enable
(HTIE)—BIt 11 on page 7-15. Data should not be written to the HTX until HTDE isset in
order to prevent overwriting the previous data. HTX is reset to the empty state when in stop
mode and during hardware reset, software reset, and individual reset.

In the 8-bit data transfer mode the most significant byte of the HTX is transmitted; in the
16-bit mode the two most significant bytes, and in the 24-bit mode al the contents of HTX is
transferred.

7.4.3 SHI HOST RECEIVE DATA FIFO (HRX)—DSP SIDE

The 24-bit host receive data FIFO (HRX) isa 10-word deep, First-In-First-Out (FIFO) register
used for Host-to-DSP data transfers. The serial datais received viathe shift register and then
loaded into the HRX. In the 8-bit data transfer mode, the most significant byte of the shift
register istransferred to the HRX (the other bits are cleared); in the 16-bit mode the two most
significant bytes are transferred (the least significant byteis cleared), and in the 24-bit mode,
al 24 bits are transferred to the HRX. The HRX may be read by the DSP whilethe FIFO is
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being loaded from the shift register. Reading all datafrom HRX clears the HRNE flag. The
HRX may be read by DSP core instructions or by DMA transfers. The HRX FIFO isreset to
the empty state when the chip isin stop mode, and during hardware reset, software reset, and
individual reset.

7.4.4 SHI SLAVE ADDRESS REGISTER (HSAR)—DSP SIDE

The 24-bit slave addressregister (HSAR) isused when the SHI operatesin the | 2C slave mode
and isignored in the other operational modes. HSAR holds five bits of the 7-bit slave device
address. The SHI also acknowledges the general call address specified by the 12C protocol
(eight zeroes comprising a 7-bit address and a R/W bit), but treats any following data bytes as
regular data. That is, the SHI does not differentiate between its dedicated address and the
general call address. HSAR cannot be accessed by the host processor.

7.4.4.1 HSAR Reserved Bits—Bits 19, 17-0
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

7.4.4.2 HSAR I°C Slave Address (HA[6:3], HA1)—Bits 23-20,18

Part of the 1°C slave device address is stored in the read/write HA[6:3], HA1 bits of HSAR.
The full 7-bit slave device address is formed by combining the HA[6:3], HA1 bits with the
HAO and HA2 pinsto obtain the HA[6:0] slave device address. The full 7-bit dave device
address is compared to the received address byte whenever an 12C master device initiates an
1°C bustransfer. During hardware reset or software reset, HA[6:3] = 1011 and HA 1 is cleared;
thisresultsin a default slave device address of 1011[HA2]0[HAO].

7.4.5 SHI CLOCK CONTROL REGISTER (HCKR)—DSP SIDE

The HCKR is a 24-hit read/write register that controls SHI clock generator operation. The
HCKR bits should be modified only while the SHI isin the individual reset state (HEN =0in
the HCSR).

For proper SHI clock setup, please consult the datasheet. The programmer should not use the
combination HRS = 1 and HDM[7:0] = 00000000, since it may cause synchronization
problems and improper operation (it isanillegal combination).

The HCKR bits are cleared during hardware reset or software reset, except for CPHA, which
isset. The HCKR is not affected by the stop state.

The HCKR bits are described in the following paragraphs.
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7.45.1 Clock Phase and Polarity (CPHA and CPOL)—Bits 1-0

The Clock Phase (CPHA) bit controls the relationship between the data on the
master-in-dave-out (M1SO) and master-out-save-in (MOSI) pins and the clock produced or
received at the SCK pin. The CPOL bit determines the clock polarity (1 = active-high, 0 =
active-low).

The clock phase and polarity should be identical for both the master and slave SPI devices.
CPHA and CPOL are functional only when the SHI operatesin the SPI mode, and are ignored
in the 12C mode. The CPHA bit is set and the CPOL bit is cleared during hardware reset and
software reset.

The programmer may select any of four combinations of serial clock (SCK) phase and
polarity when operating in the SPI mode (See Figure 7-6).

7]

SCK  (CPOL =0, CPHA =0) _|

SCK (CPOL =0, CPHA = 1) I_

SCK (CPOL =1, CPHA =0) J

SCK (CPOL=1,CPHA:1)|________
e e OO @I —
(L L] ]

Internal Strobe for Data Capture AA0421

Figure 7-6 SPI Data-To-Clock Timing Diagram

If CPOL iscleared, it produces a steady-state low value at the SCK pin of the master device
whenever datais not being transferred. If the CPOL bit is set, it produces a high value at the
SCK pin of the master device whenever datais not being transferred.

CPHA is used with the CPOL hit to select the desired clock-to-data relationship. The CPHA
bit, in general, selects the clock edge that captures data and allowsiit to change states. It hasits
greatest impact on the first bit transmitted (MSB) in that it does or does not allow a clock
transition before the data capture edge.
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When the SHI isin slave mode and CPHA = 0, the SS line must be deasserted and asserted by
the external master between each successive word transfer. SS must remain asserted between
successive bytes within aword. The DSP core should write the next data word to HTX when
HTDE = 1, clearing HTDE. However, the dataistransferred to the shift register for
transmission only when SSis deasserted. HTDE is set when the datais transferred from HTX
to the shift register.

When the SHI isin slave mode and CPHA = 1, the SS line may remain asserted between
successive word transfers. The SS must remain asserted between successive bytes within a
word. The DSP core should write the next dataword to HTX when HTDE = 1, clearing
HTDE. The HTX dataistransferred to the shift register for transmission as soon as the shift
register isempty. HTDE is set when the datais transferred from HTX to the shift register.

When the SHI isin master mode and CPHA = 0, the DSP core should write the next data word
to HTX when HTDE = 1, clearing HTDE. The datais transferred immediately to the shift
register for transmission. HTDE is set only at the end of the data word transmission.

Note: The master is responsible for deasserting and asserting the slave device SSline
between word transmissions.

When the SHI isin master mode and CPHA = 1, the DSP core should write the next data word
toHTX when HTDE = 1, clearing HTDE. The HTX datais transferred to the shift register for
transmission as soon as the shift register is empty. HTDE is set when the datais transferred
from HTX to the shift register.

7.45.2 HCKR Prescaler Rate Select (HRS)—Bit 2

The HRS bit controls a prescaler in series with the clock generator divider. Thisbit is used to
extend the range of the divider when slower clock rates are desired. When HRS is set, the
prescaler is bypassed. When HRS s cleared, thefixed divide-by-eight prescaler is operational .
HRSisignored when the SHI operates in the slave mode, except for 1“C when HCKFR is set.
The HRS bit is cleared during hardware reset and software reset.

Note: Use the equations in the SHI datasheet to determine the value of HRS for the
specific serial clock frequency required.

7.45.3 HCKR Divider Modulus Select (HDM[7:0])—Bits 10-3

The HDM[7:0Q] bits specify the divide ratio of the clock generator divider. A divide ratio
between 1 and 256 (HDM[7:0] = $00 to $FF) may be selected. When the SHI operatesin the
slave mode, the HDM[7:0Q] bits are ignored (except for I°C when HCKFR is set). The
HDM{[7:0] bits are cleared during hardware reset and software reset.

Note: Usethe equationsin the SHI datasheet to determine the value of HDM[7:0] for the
specific serial clock frequency required.
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7.45.4 HCKR Reserved Bits—Bits 23-14, 11
These bitsin HCKR are reserved. They are read as zero and should be written with zero for
future compatibility.

7455 HCKR Filter Mode (HFM[1:0]) — Bits 13-12

The read/write control bits HFM[1:0] specify the operational mode of the noise reduction
filters, as described in Table 7-3. The filters are designed to eliminate undesired spikes that
might occur on the clock and data-in lines and allow the SHI to operate in noisy environments
when required. One filter islocated in the input path of the SCK/SCL line and the other is
located in the input path of the data line (i.e., the SDA line when in 12C mode, the M1SO line
when in SPI master mode, and the MOSI line when in SPI slave mode).

Table 7-3 SHI Noise Reduction Filter Mode

HFM1 HFMO Description
0 0 Bypassed (Disabled)
0 1 Reserved
1 0 Narrow Spike Tolerance
1 1 Wide Spike Tolerance

When HFM[1:0] = 00, the filter is bypassed (spikes are not filtered out). This modeis useful
when higher bit-rate transfers are required and the SHI operates in a noise-free environment.

When HFM[1:0] = 10, the narrow-spike-tolerance filter mode is selected. In this mode the
filters eliminate spikes with durations of up to 50ns. This mode is suitable for use in mildly
noisy environments and imposes some limitations on the maximum achievable bit-rate
transfer.

When HFM[1:0] = 11, the wide-spike-tolerance filter mode is selected. In thismode thefilters
eliminate spikes up to 100 ns. This mode is recommended for use in noisy environments; the
bit-rate transfer is strictly limited. The wide-spike- tolerance filter mode is highly
recommended for use in 12C bus systems as it fully conforms to the 12C bus specification and
Improves noise immunity.

Note: HFM[1:0] are cleared during hardware reset and software reset.

After changing the filter bits in the HCKR to a non-bypass mode (HFM[1:0] not equal to

‘00’), the programmer should wait at least ten times the tolerable spike width before enabling
the SHI (setting the HEN bit in the HCSR). Similarly, after changing tR€E Hit in the

HCSR or the CPOL bit in the HCKR, while the filter mode bits are in a non-bypass mode
(HFM[1:0] not equal to ‘00’), the programmer should wait at least ten times the tolerable
spike width before enabling the SHI (setting HEN in the HCSR).
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7.4.6 SHI CONTROL/STATUS REGISTER (HCSR)—DSP SIDE

The HCSR is a 24-bit register that controls the SHI operation and reflects its status. The
control bits are read/write. The status bits are read-only. The bits are described in the
following paragraphs. When in the stop state or during individual reset, the HCSR status bits
are reset to their hardware-reset state, while the control bits are not affected.

7.4.6.1 HCSR Host Enable (HEN)—BIt O

The read/write control bit HEN, when set, enables the SHI. When HEN is cleared, the SHI is
disabled (that is, it isin theindividual reset state, see below). The HCKR and the HCSR
control bits are not affected when HEN is cleared. When operating in master mode, HEN
should be cleared only when the SHI isidle (HBUSY = 0). HEN is cleared during hardware
reset and software reset.

7.4.6.1.1 SHI Individual Reset

Whilethe SHI isin the individual reset state, SHI input pins are inhibited, output and
bidirectional pins are disabled (high impedance), the HCSR status bits and the
transmit/receive paths are reset to the same state produced by hardware reset or software reset.
Theindividual reset state is entered following a one-instruction-cycle delay after clearing
HEN.

7.4.6.2 HCSR I°C/SPI Selection (HI 2C)—Bit 1

The read/write control bit HI2C selects whether the SHI operates in the 1°C or SPI modes.
When HI?C is cleared, the SHI operates in the SPI mode. When HI?C is set, the SHI operates
in the 12C mode. HI2C affects the functi onality of the SHI pins as described in Section 2,
Signal/Connection Descriptions. It is recommended that an SHI individual reset be generated
(HEN cleared) before changing HI2C. HIC is cleared duri ng hardware reset and software
resef.

7.4.6.3 HCSR Serial Host Interface Mode (HM[1:0])—Bits 3-2

The read/write control bits HM[1:0] select the size of the data wordsto be transferred, as
shown in Table 7-4. HM[1:0] should be modified only when the SHI isidle (HBUSY = 0).
HM[1:0] are cleared during hardware reset and software reset.

Table 7-4 SHI Data Size

HM1 HMO Description
0 0 8-bit data
0 1 16-bit data
1 0 24-bit data
1 1 Reserved
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7.4.6.4 HCSR I?C Clock Freeze (HCKFR)—Bit 4

The read/write control bit HCKFR determines the behavior of the SHI when the SHI isunable
to service the master request, when operating in the 12C dave mode. The HCKFR bit is used
only in the 12C slave mode; it is ignored otherwise.

If HCKFR is set, the SHI holds the clock lineto GND if it is not ready to send datato the
master during aread transfer or if the input FIFO isfull when the master attempts to execute a
write transfer. In thisway, the master may detect that the slave is not ready for the requested
transfer, without causing an error condition in the slave. When HCKFR is set for transmit
sessions, the SHI clock generator must be programmed as if to generate the same serial clock
as produced by the external master, otherwise erroneous operation may result. The
programmed frequency should be in the range of 1 to 0.75 times the external clock frequency.

If HCKFR is cleared, any attempt from the master to execute a transfer when the slave is not
ready resultsin an overrun or underrun error condition.

It isrecommended that an SHI individual reset be generated (HEN cleared) before changing
HCKFR. HCKFR is cleared during hardware reset and software reset.

7.4.6.5 HCSR FIFO-Enable Control (HFIFO)—BIt 5

The read/write control bit HFIFO selects the receive FIFO size. When HFIFO is cleared, the
FIFO has one level. When HFIFO is set, the FIFO has 10 levels. It is recommended that an
SHI individual reset be generated (HEN cleared) before changing HFIFO. HFIFO is cleared
during hardware reset and software reset.

7.4.6.6 HCSR Master Mode (HMST)—Bit 6

The read/write control bit HM ST determines the SHI operating mode. If HMST is set, the
interface operates in the master mode. If HMST is cleared, the interface operatesin the slave
mode. The SHI supports a single-master configuration in both 1°C and SPI modes.

When configured as an SPI master, the SHI drives the SCK line and controls the direction of
the data lines MOSI and MISO. The SS line must be held deasserted in the SPI master mode;
if the SSlineis asserted when the SHI isin SPI master mode, a bus error is generated (the
HCSR HBER bit is set—see Section 7.4.6.18).

When configured as afRC master, the SHI controls th&Cl bus by generating start events,
clock pulses, and stop events for transmission and reception of serial data.

It is recommended that an SHI individual reset be generated (HEN cleared) before changing

HMST. HMST is cleared during hardware reset and software reset.
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7.4.6.7 HCSR Host-Request Enable (HRQE[1:0])—Bits 87

The read/write control bits HRQE[1:0] are used to control the HREQ pin. When HRQE[1:0]
are cleared, the HREQ pin is disabled and held in the high impedance state. If either of
HRQE[1:0] are set and the SHI isin a master mode, the HREQ pin becomes an input
controlling SCK: deasserting HREQ suspends SCK. If either of HRQE[1:0] are set and the
SHI isin adave mode, HREQ becomes an output and its operation is defined in Table 7-5.
HRQE][ 1:0] should be changed only when the SHI isidle (HBUSY = 0). HRQE[1:0] are
cleared during hardware reset and software reset.

Table 7-5 HREQ Function In SHI Slave Modes

HRQE1 HRQEO HREQ Pin Operation
0 0 High impedance
0 1 Asserted if IOSR is ready to receive anew word
1 0 Asserted if IOSR is ready to transmit a new word
1 1 12C: Asserted if IOSR is ready to transmit or receive
SPI: Asserted if IOSR is ready to transmit and receive

7.4.6.8 HCSR Idle (HIDLE)—RBit 9

The read/write control/status bit HIDLE is used only in the 12C master mode; it is ignored
otherwise. It is only possible to set the HIDLE bit during writes to the HCSR. HIDLE is
cleared by writing to HTX. To ensure correct transmission of the slave device address byte,
HIDLE should be set only when HTX isempty (HTDE = 1). After HIDLE is set, awriteto
HTX clears HIDLE and causes the generation of a stop event, a start event, and then the
transmission of the eight MSBs of the data as the dave device address byte. While HIDLE is
cleared, datawrittento HTX istransmitted asis. If the SHI completes transmitting aword and
there isno new datain HTX, the clock is suspended after sampling ACK. If HIDLE is set
when the SHI compl etes transmitting aword with no new datain HTX, a stop event is
generated.

HIDL E determines the acknowledge that the receiver sends after correct reception of abyte. If
HIDLE iscleared, the reception is acknowledged by sending a0 bit on the SDA line at the
ACK clock tick. If HIDLE is set, the reception is not acknowledged (a 1 bit is sent). It is used
to signal an end-of-data to a slave transmitter by not generating an ACK on the last byte. Asa
result, the slave transmitter must release the SDA line to alow the master to generate the stop
event. If the SHI completesreceiving aword and the HRX FIFO isfull, the clock is suspended
before transmitting an ACK. While HIDLE is cleared the busis busy, that is, the start event
was sent but no stop event was generated. Setting HIDLE causes a stop event after receiving
the current word.

HIDLE is set while the SHI is not in the 12C master mode, while the chipisinthe stop state,
and during hardware reset, software reset and individual reset.
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Note: Programmers should take care to ensure that all DMA channel serviceto HTX is
disabled before setting HIDLE.

7.4.6.9 HCSR Bus-Error Interrupt Enable (HBIE)—BiIt 10

The read/write control bit HBIE is used to enable the SHI bus-error interrupt. If HBIE is
cleared, bus-error interrupts are disabled, and the HBER status bit must be polled to determine
if an SHI bus error occurred. If both HBIE and HBER are set, the SHI requests an SHI
bus-error interrupt service from the interrupt controller. HBIE is cleared by hardware reset
and software reset.

Note: Clearing HBIE masks a pending bus-error interrupt only after a one instruction
cycledelay. If HBIE iscleared in along interrupt service routing, it is
recommended that at least one other instruction separate the instruction that clears
HBIE and the RTI instruction at the end of the interrupt service routine.

7.4.6.10 HCSR Transmit-Interrupt Enable (HTIE)—BIt 11

The read/write control bit HTIE is used to enable the SHI transmit datainterrupts. If HTIE is
cleared, transmit interrupts are disabled, and the HTDE status bit must be polled to determine
if HTX isempty. If both HTIE and HTDE are set and HTUE is cleared, the SHI requests an
SHI transmit-data interrupt service from the interrupt controller. If both HTIE and HTUE are
set, the SHI requests an SHI transmit-underrun-error interrupt service from the interrupt
controller. HTIE is cleared by hardware reset and software reset.

Note: Clearing HTIE masks a pending transmit interrupt only after a one instruction
cycledelay. If HTIE is cleared in along interrupt service routine, it is
recommended that at least one other instruction separate the instruction that clears
HTIE and the RTI instruction at the end of the interrupt service routine.

7.4.6.11 HCSR Receive Interrupt Enable (HRIE[1:0])—Bits 13-12

The read/write control bits HRIE[1:0] are used to enable the SHI receive-data interrupts. If
HRIE[1:0] are cleared, receive interrupts are disabled, and the HRNE and HRFF (bits 17 and
19, see below) status bits must be polled to determine if there is datain the receive FIFO. If
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HRIE[1:0] are not cleared, receive interrupts are generated according to Table 7-6. HRIE[1:0]
are cleared by hardware and software reset.

Table 7-6 HCSR Receive Interrupt Enable Bits

HRIE[1:0] Interrupt Condition

00 Disabled Not applicable

01 Receive FIFO not empty HRNE =1and HROE =0
Receive Overrun Error HROE=1

10 Reserved Not applicable

11 Receive FIFO full HRFF=1and HROE=0
Receive Overrun Error HROE=1

Note: Clearing HRIE[1:0] masks a pending receive interrupt only after a one instruction

cycledelay. If HRIE[1:0] are cleared in along interrupt service routing, itis
recommended that at |east one other instruction separate the instruction that clears
HRIE[1:0] and the RTI instruction at the end of the interrupt service routine.

7.4.6.12 HCSR Host Transmit Underrun Error (HTUE)—BIt 14

The read-only status bit HTUE indicates whether a transmit-underrun error occurred.
Transmit-underrun errors can occur only when operating in the SPI slave mode or the 1°C
slave mode when HCKFR is cleared. In a master mode, transmission takes place on demand
and no underrun can occur. HTUE is set when both the shift register and the HTX register are
empty and the external master begins reading the next word:

« When operating in théC mode, HTUE is set in the falling edge of the ACK bit. In
this case, the SHI retransmits the previously transmitted word.

* When operating in the SPI mode, HTUE is set at the first clock edge if CPHA = 1; it is
set at the assertion of $CPHA = 0.

If a transmit interrupt occurs with HTUE set, the transmit-underrun interrupt vector is
generated. If a transmit interrupt occurs with HTUE cleared, the regular transmit-data
interrupt vector is generated. HTUE is cleared by reading the HCSR and then writing to the
HTX register. HTUE is cleared by hardware reset, software reset, SHI individual reset, and
during the stop state.

7.4.6.13 HCSR Host Transmit Data Empty (HTDE)—Bit 15

The read-only status bit HTDE indicates whether the HTX register is empty and can be
written by the DSP. HTDE is set when the data word is transferred from HTX to the shift
register, except in SPI master mode when CPHA = 0 (see HCKR). When in the SPI master
mode with CPHA = 0, HTDE is set after the end of the data word transmission. HTDE is
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cleared when the DSP writesthe HT X either with writeinstructions or DMA transfers. HTDE
is set by hardware reset, software reset, SHI individual reset, and during the stop state.

7.4.6.14 HCSR Reserved Bits—Bits 23, 18 and 16
These bits are reserved. They read as zero and should be written with zero for future
compatibility.

7.4.6.15 Host Receive FIFO Not Empty (HRNE)—BiIt 17

The read-only status bit HRNE indicates that the Host Receive FIFO (HRX) contains at least
one dataword. HRNE is set when the FIFO is not empty. HRNE is cleared when HRX isread
by the DSP (read instructions or DMA transfers), reducing the number of words in the FIFO
to zero. HRNE is cleared during hardware reset, software reset, SHI individual reset, and
during the stop state.

7.4.6.16 Host Receive FIFO Full (HRFF)—BIt 19

The read-only status bit HRFF indicates, when set, that the Host Receive FIFO (HRX) isfull.
HRFF is cleared when HRX isread by the DSP (read instructions or DMA transfers) and at
least one place is available in the FIFO. HRFF is cleared by hardware reset, software reset,
SHI individual reset, and during the stop state.

7.4.6.17 Host Receive Overrun Error (HROE)—RBIt 20

The read-only status bit HROE indicates, when set, that a data-receive overrun error has
occurred. Receive-overrun errors cannot occur when operating in the 12C master mode,
because the clock is suspended if the receive FIFO isfull; nor can they occur in the 1°C dave
mode when HCKFR is set.

HROE is set when the shift register (IOSR) isfilled and ready to transfer the data word to the
HRX FIFO and the FIFO is aready full (HRFF is set). When areceive-overrun error occurs,
the shift register is not transferred to the FIFO. If areceive interrupt occurs with HROE set,
the receive-overrun interrupt vector is generated. If areceive interrupt occurs with HROE
cleared, the regular receive-data interrupt vector is generated.

HROE is cleared by reading the HCSR with HROE set, followed by reading HRX. HROE is
cleared by hardware reset, software reset, SHI individual reset, and during the stop state.

7.4.6.18 Host Bus Error (HBER)—BIt 21

The read-only status bit HBER indicates, when set, that an SHI bus error occurred when
operating as amaster (HMST set). In 1°C mode, HBER is set if the transmitter does not
receive an acknowledge after a byte is transferred; then a stop event is generated and
transmission is suspended. In SPI mode, HBER is set if SSis asserted; then transmission is
suspended at the end of transmission of the current word. HBER is cleared only by hardware
reset, software reset, SHI individual reset, and during the stop state.
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7.4.6.19 HCSR Host Busy (HBUSY)—Bit 22

The read-only status bit HBUSY indicates that the 1°C busis busy (when in the 12C mode) or
that the SHI itself isbusy (when in the SPI mode). When operating in the 1°C mode, HBUSY
is set after the SHI detects a start event and remains set until a stop event is detected. When
operating in the slave SPI mode, HBUSY is set while SSis asserted. When operating in the
master SPI mode, HBUSY isset if the HTX register is not empty or if the IOSR is not empty.
HBUSY is cleared otherwise. HBUSY is cleared by hardware reset, software reset, SHI
individual reset, and during the stop state.

7.5 CHARACTERISTICS OF THE SPI BUS

The SPI bus consists of two serial datalines (MISO and MOSI), aclock line (SCK), and a
Slave Select line (SS). During an SPI transfer, abyte is shifted out one data pin while a
different byte is ssimultaneously shifted in through a second data pin. It can be viewed as two
8-hit shift registers connected together in a circular manner, with one shift register on the
master side and the other on the slave side. Thus the data bytes in the master device and dlave
device are exchanged. The MISO and MOSI data pins are used for transmitting and receiving
serial data. When the SPI is configured as a master, MISO is the master data input line, and
MOSI isthe master data output line. When the SPI is configured as aslave device, MISO is
the slave data output line, and MOSI is the slave data input line.

Clock control logic alows a selection of clock polarity and a choice of two fundamentally
different clocking protocols to accommodate most available synchronous seria peripheral
devices. When the SPI is configured as a master, the control bits in the HCKR select the
appropriate clock rate, aswell asthe desired clock polarity and phase format (see Figure 7-6).

The SSline allows selection of an individual Save SPI device; slave devices that are not
selected do not interfere with SPI bus activity (i.e., they keep their M1SO output pinin the
high-impedance state). When the SHI is configured as an SPI master device, the SS line
should be held high. If the SSlineis driven low when the SHI isin SPI master mode, a bus
error is generated (the HCSR HBER bit is set).

7.6 CHARACTERISTICS OF THE I°C BUS

The 12C serial bus consists of two bidirectional lines, one for data signals (SDA) and one for
clock signals (SCL). Both the SDA and SCL lines must be connected to a positive supply
voltage viaa pull-up resistor.

Note: In the 1%C bus specifications, the standard mode (100 kHz clock rate) and a fast
mode (400 kHz clock rate) are defined. The SHI can operate in either mode.
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7.6.1 OVERVIEW

The 1%C bus protocol must conform to the following rules:

» Data transfer may be initiated only when the bus is not busy.

« During data transfer, the data line must remain stable whenever the clock line is high.
Changes in the data line when the clock line is high are interpreted as control signals
(see Figure 7-7).

A o

| DataValid |  Allowed AAD422

Figure 7-7 1°C Bit Transfer
Accordingly, the {C bus protocol defines the following events:

e Busnot busy—Both data and clock lines remain high.

» Start datatransfer—The start event is defined as a change in the state of the data
line, from high to low, while the clock is high (see Figure 7-8).

» Stop datatransfer—The stop event is defined as a change in the state of the data line,
from low to high, while the clock is high (see Figure 7-8).

« Datavalid—The state of the data line represents valid data when, after a start event,
the data line is stable for the duration of the high period of the clock signal. The data
on the line may be changed during the low period of the clock signal. There is one
clock pulse per bit of data.
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Start Event Stop Event AA0423

Figure 7-8 I°C Start and Stop Events

Each 8-bit word isfollowed by one acknowledge bit. This acknowledge bit isahigh level put
on the bus by the transmitter when the master device generates an extra acknowledge-related
clock pulse. A save receiver that is addressed must generate an acknowledge after each byte
isreceived. Also, amaster receiver must generate an acknowledge after the reception of each
byte that has been clocked out of the dave transmitter. The acknowledging device must pull
down the SDA line during the acknowledge clock pulse so that the SDA lineis stable low
during the high period of the acknowledge-related clock pulse (see Figure 7-9).

Start Clock Pulse For
Event Acknowledgment

Data Output | --
by Transmitter \ / >< X X /

I ——

Data Output S -

by Receiver \ /

AA0424

Figure 7-9 Acknowledgment on the 1°C Bus

A device generating asignal is called a transmitter, and adevice receiving asignal iscalled a
receiver. A device controlling asignal is called a master and devices controlled by the master
are called slaves. A master receiver must signal an end-of-data to the slave transmitter by not
generating an acknowledge on the last byte clocked out of the slave device. In this case the
transmitter must leave the data line high to enable the master to generate the stop event.
Handshaking may also be accomplished by using the clock synchronizing mechanism. Slave
devices can hold the SCL line low, after receiving and acknowledging a byte, to force the
master into await state until the slave device isready for the next byte transfer. The SHI
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supports this feature when operating as a master device and waits until the slave device
releases the SCL line before proceeding with the data transfer.

7.6.2 I°C DATA TRANSFER FORMATS

12C bus data transfers follow the followi ng process. after the start event, a dave device
addressis sent. The address consists of seven address bits and an eighth bit as a data direction
bit (R/W). In the data direction bit, zero indicates a transmission (write), and one indicates a
request for data (read). A datatransfer is always terminated by a stop event generated by the
master device. However, if the master device still wishes to communicate on the bus, it can
generate another start event, and address another slave device without first generating a stop
event (the SHI does not support this feature when operating as an 12C master device). This
method is also used to provide indivisible data transfers. Various combinations of read/write
formats are illustrated in Figure 7-10 and Figure 7-11.

ACK from ACK from ACK from
Slave Device Slave Device Slave Device
S| SlaveAddress | 0 | A| First DataByte A Data Byte A S P
1 [ [
¢ ¢_ | N=0toM _] i
Bit AA0425 Stop Bit

Figure 7-10 1°C Bus Protocol For Host Write Cycle

ACK from ACK from No ACK
Slave Device Master Device from Master Device
S| SlaveAddress | 1| A Data Byte A| Last DataByte 1| P
| l l
v v L veoom | v
Start RIW Data Bytes Stop
Bit AA0426 Bit

Figure 7-11 I2C Bus Protocol For Host Read Cycle
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Note: The first data byte in awrite-bus cycle can be used as a user-predefined control
byte (e.g., to determine the location to which the forthcoming data bytes should be
transferred).

7.7  SHI PROGRAMMING CONSIDERATIONS

The SHI implements both SPI and 12C bus protocols and can be programmed to operate as a
slave device or asingle-master device. Once the operating mode is selected, the SHI may
communicate with an external device by receiving and/or transmitting data. Before changing
the SHI operational mode, an SHI individual reset should be generated by clearing the HEN
bit. The following paragraphs describe programming considerations for each operational
mode.

7.7.1 SPI SLAVE MODE

The SPI dlave mode is entered by enabling the SHI (HEN=1), selecting the SPI mode
(H1?°C=0), and selecting the slave mode of operation (HMST=0). The programmer should
verify that the CPHA and CPOL bits (in the HCKR) correspond to the external host clock
phase and polarity. Other HCKR bits are ignored. When configured in the SPI slave mode, the
SHI external pins operate as follows:

* SCK/SCL is the SCK serial clock input.

* MISO/SDA is the MISO serial data output.
* MOSI/HAO is the MOSI serial data input.

« SSHAZ2 is the SSslave select input.

« HREQis the Host Request output.

In the SPI slave mode, a receive, transmit, or full-duplex data transfer may be performed.
Actually, the interface performs data receive and transmit simultaneously. The status bits of
both receive and transmit paths are active; however, the programmer may disable undesired
interrupts and ignore irrelevant status bits. It is recommended that an SHI individual reset
(HEN cleared) be generated before beginning data reception in order to reset the HRX FIFO
to its initial (empty) state (e.g., when switching from transmit to receive data).

If a write to HTX occurs, its contents are transferred to IOSR between data word transfers.
The IOSR data is shifted out (via MISO) and received data is shifted in (via MOSI). The DSP
may write HTX with either DSP instructions or DMA transfers if the HTDE status bit is set. If
no writes to HTX occur, the contents of HTX are not transferred to IOSR, so the data shifted

7-22 DSP56362 MOTOROLA



Serial Host Interface

SHI Programming Considerations

out when receiving is the data present in the IOSR at the time. The HRX FIFO contains valid
receive data, which the DSP can read with either DSP instructions or DMA transfers (if the
HRNE status bit is set).

The HREQ output pin, if enabled for receive (HRQE[1:0] = 01), is asserted when the IOSR is
ready for receive and the HRX FIFO is not full; this operation guarantees that the next
received dataword is stored in the FIFO. The HREQ output pin, if enabled for transmit
(HRQEJ[1:0] = 10), is asserted when the IOSR is loaded from HTX with a new data word to
transfer. If HREQ is enabled for both transmit and receive (HRQE[1:0] = 11), it is asserted
when the receive and transmit conditions are both true. HREQ is deasserted at the first clock
pulse of the next data word transfer. The HREQ line may be used to interrupt the external
master device. Connecting the HREQ line between two SHI-equipped DSPs, one operating as
an SPI master device and the other as an SPI dlave device, enables full hardware handshaking
if operating with CPHA = 1.

The SS line should be kept asserted during a dataword transfer. If the SS line is deasserted
before the end of the dataword transfer, the transfer is aborted and the received dataword is
|ost.

1.7.2 SPI MASTER MODE

The SPI master mode is initiated by enabling the SHI (HEN = 1), selecting the SPI mode

(HI ’Cc= 0), and selecting the master mode of operation (HMST = 1). Before enabling the SHI
as an SPI master device, the programmer should program the proper clock rate, phase and
polarity in HCKR. When configured in the SPI master mode, the SHI external pins operate as
follows:

* SCK/SCL is the SCK serial clock output.

* MISO/SDA is the MISO serial data input.

*  MOSI/HAO is the MOSI serial data output.

« SSHAZ2 is the SSnput. It should be kept deasserted (high) for proper operation.
« HREQ:is the Host Request inpuit.

The external slave device can be selected either by using external logic or by activating a
GPIO pin connected to its $. However, the S®iput pin of the SPI master device should

be held deasserted (high) for proper operation. If the SPI master deviae iS&sserted, the

host bus error status bit (HBER) is set. If the HBIE bit is also set, the SHI issues a request to
the DSP interrupt controller to service the SHI bus error interrupt.
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In the SPI master mode the DSP must write to HTX to receive, transmit or perform a
full-duplex datatransfer. Actualy, the interface performs simultaneous data receive and
transmit. The status bits of both receive and transmit paths are active; however, the
programmer may disable undesired interrupts and ignore irrelevant status bits. In a data
transfer, the HTX istransferred to IOSR, clock pulses are generated, the IOSR data is shifted
out (viaMOSI) and received datais shifted in (viaMISO). The DSP programmer may write
HTX (if the HTDE status bit is set) with either DSP instructions or DMA transfersto initiate
the transfer of the next word. The HRX FIFO contains valid receive data, which the DSP can
read with either DSP instructions or DMA transfers, if the HRNE status bit is set.

It isrecommended that an SHI individual reset (HEN cleared) be generated before beginning
datareception in order to reset the receive FIFO to itsinitial (empty) state (e.g., when
switching from transmit to receive data).

The HREQ input pin isignored by the SPI master device if the HRQE[1:0] bits are cleared,
and considered if any of them is set. When asserted by the slave device, HREQ indicates that
the external slave deviceisready for the next datatransfer. Asaresult, the SPI master sends
clock pulsesfor the full dataword transfer. HREQ is deasserted by the external slave device at
thefirst clock pulse of the new data transfer. When deasserted, HREQ prevents the clock
generation of the next data word transfer until it is asserted again. Connecting the HREQ line
between two SHI-equipped DSPs, one operating as an SPI master device and the other as an
SPI dlave device, enables full hardware handshaking if CPHA = 1. For CPHA =0, HREQ
should be disabled by clearing HRQE[1:0].

7.7.3 12C SLAVE MODE

The I%C slave mode is entered by enabling the SHI (HEN=1), selecting the 12C mode
(HI 2C=1), and selecting the slave mode of operation (HMST=0). In this operational mode the
contents of HCKR are ignored. When configured in the 12C slave mode, the SHI external pins
operate as follows:

* SCK/SCL is the SCL serial clock input.

* MISO/SDA is the SDA open drain serial data line.

* MOSI/HAO is the HAO slave device address input.

+ SSHAZ2 is the HA2 slave device address input.

 HREQIis the Host Request output.

When the SHI is enabled and configured in fidlave mode, the SHI controller inspects the
SDA and SCL lines to detect a start event. Upon detection of the start event, the SHI receives
the slave device address byte and enables the slave device address recognition unit. If the

7-24 DSP56362 MOTOROLA



Serial Host Interface

SHI Programming Considerations

slave device address byte was not identified as its personal address, the SHI controller failsto
acknowledge this byte by not driving low the SDA line at the ninth clock pulse (ACK = 1).
However, it continues to poll the SDA and SCL linesto detect anew start event. If the
personal slave device address was correctly identified, the slave device address byteis
acknowledged (ACK = 0 is sent) and areceive/transmit session is initiated according to the
eighth bit of the received slave device address byte (i.e., the R/W bit).

7.7.3.1 Receive Data in 1°C Slave Mode

A recelve session isinitiated when the personal slave device address has been correctly
identified and the R/W bit of the received slave device address byte has been cleared.
Following areceiveinitiation, datain the SDA lineis shifted into IOSR M SB first. Following
each received byte, an acknowledge (ACK = 0) is sent at the ninth clock pulse viathe SDA
line. Dataiis acknowledged bytewise, as required by the 1°C bus protocol, and is transferred to
the HRX FIFO when the complete word (according to HM[1:0]) isfilled into IOSR. It isthe
responsibility of the programmer to select the correct number of bytesinan | 2C frame so that
they fit in a complete number of words. For this purpose, the slave device address byte does
not count as part of the data; therefore, it is treated separately.

In areceive session, only the receive path isenabled and HTX to IOSR transfers are inhibited.
The HRX FIFO contains valid data, which may be read by the DSP with either DSP
instructions or DMA transfers (if the HRNE status bit is set).

If HCKFR is cleared, when the HRX FIFO isfull and IOSR isfilled, an overrun error occurs
and the HROE status bit is set. In this case, the last received byte is not acknowledged
(ACK=1is sent) and the word in the IOSR is not transferred to the HRX FIFO. This may
inform the external 12C master device of the occurrence of an overrun error on the slave side.
Consequently the 12C master device may terminate this session by generating a stop event.

If HCKFR is set, when the HRX FIFO isfull the SHI holds the clock line to GND not letting
the master device write to IOSR, which eliminates the possibility of reaching the overrun
condition.

The HREQ output pin, if enabled for receive (HRQE[1:0] = 01), is asserted when the IOSR is
ready to receive and the HRX FIFO isnot full; this operation guarantees that the next received
dataword is stored in the FIFO. HREQ is deasserted at the first clock pulse of the next
received word. The HREQ line may be used to interrupt the external 1“C master device.
Connecting the HREQ line between two SHI-equipped DSPs, one operating as an 1°C master
device and the other as an 1°C slave device, enables full hardware handshaking.

7.7.3.2 Transmit Data In 1°C Slave Mode

A transmit session isinitiated when the persona slave device address has been correctly
identified and the R/W bit of the received slave device address byte has been set. Following a
transmit initiation, the IOSR isloaded from HTX (assuming the latter was not empty) and its
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contents are shifted out, MSB first, on the SDA line. Following each transmitted byte, the SHI
controller samples the SDA line at the ninth clock pulse, and inspects the ACK status. If the
transmitted byte was acknowledged (ACK = 0), the SHI controller continues and transmitsthe
next byte. However, if it was not acknowledged (ACK = 1), the transmit session is stopped
and the SDA lineisreleased. Consequently, the external master device may generate a stop
event in order to terminate the session.

HTX contents are transferred to IOSR when the complete word (according to HM[1:0]) has
been shifted out. It is, therefore, the responsibility of the programmer to select the correct
number of bytesin an 12C frame so that they fit in a complete number of words. For this
purpose, the slave device address byte does not count as part of the data; therefore, it istreated

separately.

In atransmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO transfers
areinhibited. When the HTX transfersits valid data word to IOSR, the HTDE status bit is set
and the DSP may write a new dataword to HTX with either DSP instructions or DMA
transfers.

If HCKFR is cleared and both IOSR and HTX are empty when the master device attempts a
transmit session, an underrun condition occurs, setting the HTUE status bit, and the previous
word is retransmitted.

If HCKFR is set and both IOSR and HTX are empty when the master device attempts a
transmit session, the SHI holds the clock line to GND to avoid an underrun condition.

The HREQ output pin, if enabled for transmit (HRQE[1:0] = 10), is asserted when HTX is
transferred to IOSR for transmission. When asserted, HREQ indicates that the slave deviceis
ready to transmit the next data word. HREQ is deasserted at the first clock pulse of the next
transmitted data word. The HREQ line may be used to interrupt the external 1%C master
device. Connecting the HREQ line between two SHI-equipped DSPs, one operating as an 1°C

master device and the other as an 1°C slave device, enables full hardware handshaking.

7.7.4 I>’C MASTER MODE

The 12C master mode is entered by enabling the SHI (HEN=1), selecting the I°C mode

(HI 2Czl) and selecting the master mode of operation (HMST=1). Before enabling the SHI as
an 12C master, the programmer should program the appropriate clock ratein HCKR.

When configured in the I°C master mode, the SHI external pins operate as follows:

» SCK/SCL is the SCL open drain serial clock output.
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* MISO/SDA is the SDA open drain serial data line.
* MOSI/HAO is the HAO slave device address input.
« SSHAZ2 is the HA2 slave device address input.

« HREQ:is the Host Request inpuit.

In the PC master mode, a data transfer session is always initiated by the DSP by writing to the
HTX register when HIDLE is set. This condition ensures that the data byte written to HTX is
interpreted as being a slave address byte. This data byte must specify the slave device address
to be selected and the requested data transfer direction.

Note: The slave address byte should be located in the high portion of the data word,
whereas the middle and low portions are ignored. Only one byte (the slave address
byte) is shifted out, independent of the word length defined by the HM[1:0] bits.

In order for the DSP to initiate a data transfer the following actions are to be performed:

« The DSP tests the HIDLE status bit.

« If the HIDLE status bit is set, the DSP writes the slave device address and thit R/W
to the most significant byte of HTX.

» The SHI generates a start event.

« The SHI transmits one byte only, internally samples the 8iféttion bit (last bit),
and accordingly initiates a receive or transmit session.

* The SHI inspects the SDA level at the ninth clock pulse to determine the ACK value.
If acknowledged (ACK = 0), it starts its receive or transmit session according to the
sampled R/MWalue. If not acknowledged (ACK = 1), the HBER status bit in HCSR is
set, which causes an SHI Bus Error interrupt request if HBIE is set, and a stop event is
generated.

The HREQinput pin is ignored by théC master device if HRQE[1:0] are cleared, and
considered if either of them is set. When asserted, HiREiQates that the external slave
device is ready for the next data transfer. As a result?@mbster device sends clock pulses
for the full data word transfer. HREQ deasserted by the external slave device at the first
clock pulse of the next data transfer. When deasserted, HiRE&¥@nts the clock generation
of the next data word transfer until it is asserted again. Connecting the kitBigtween

two SHI-equipped DSPs, one operating as’@mnhaster device and the other as4hdlave
device, enables full hardware handshaking.

7.7.4.1 Receive Data in 1°C Master Mode

A receive session is initiated if the RAlifection bit of the transmitted slave device address
byte is set. Following a receive initiation, data in the SDA line is shifted into IOSR MSB first.
Following each received byte, an acknowledge (ACK = 0) is sent at the ninth clock pulse via
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the SDA lineif the HIDLE control bit is cleared. Data is acknowledged bytewise, as required
by the 1°C bus protocol, and is transferred to the HRX FIFO when the complete word
(according to HM[1:Q]) isfilled into IOSR. It isthe responsibility of the programmer to select
the correct number of bytesin an 1°C frame so that they fit in a complete number of words.
For this purpose, the dave device address byte does not count as part of the data; therefore, it
istreated separately.

If the I2C slave transmitter is acknowl edged, it should transmit the next data byte. In order to
terminate the receive session, the programmer should set the HIDLE bit at the last required
dataword. As aresult, the last byte of the next received data word is not acknowledged, the
slave transmitter releases the SDA line, and the SHI generates the stop event and terminates
the session.

In areceive session, only the receive path is enabled and the HTX-to-IOSR transfers are
inhibited. If the HRNE status bit is set, the HRX FIFO contains valid data, which may be read
by the DSP with either DSP instructions or DMA transfers. When the HRX FIFO isfull, the
SHI suspends the serial clock just before acknowledge. In this case, the clock is reactivated
when the FIFO isread (the SHI gives an ACK = 0 and proceeds receiving).

7.7.4.2 Transmit Data In I°C Master Mode

A transmit session is initiated if the R/W direction bit of the transmitted slave device address
byteis cleared. Following atransmit initiation, the IOSR isloaded from HTX (assuming HTX
is not empty) and its contents are shifted out, M SB-first, on the SDA line. Following each
transmitted byte, the SHI controller samples the SDA line at the ninth clock pulse, and
inspects the ACK status. If the transmitted byte was acknowledged (ACK=0), the SHI
controller continues transmitting the next byte. However, if it was not acknowledged
(ACK=1), the HBER status hit is set to inform the DSP side that a bus error (or overrun, or
any other exception in the slave device) has occurred. Consequently, the 1°C master device
generates a stop event and terminates the session.

HTX contents are transferred to the IOSR when the compl ete word (according to HM[1:0])
has been shifted out. It is, therefore, the responsibility of the programmer to select the right
number of bytesin an 12C frame so that they fit in a complete number of words. Remember
that for this purpose, the slave device address byte does not count as part of the data.

In atransmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO transfers
areinhibited. When the HTX transfersits valid dataword to the IOSR, the HTDE status bit is
set and the DSP may write a new dataword to HTX with either DSP instructions or DMA
transfers. If both IOSR and HTX are empty, the SHI suspends the serial clock until new data
iswritten into HTX (when the SHI proceeds with the transmit session) or HIDLE is set (the
SHI reactivates the clock to generate the stop event and terminate the transmit session).
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1.7.5 SHI OPERATION DURING DSP STOP

The SHI operation cannot continue when the DSP isin the stop state, because no DSP clocks
are active. While the DSP isin the stop state, the SHI remainsin the individual reset state.

While in the individual reset state the following is true:
« If the SHI was operating in thé@ mode, the SHI signals are disabled (high
impedance state).

» If the SHI was operating in the SPI mode, the SHI signals are not affected.

* The HCSR status bits and the transmit/receive paths are reset to the same state
produced by hardware reset or software reset.

* The HCSR and HCKR control bits are not affected.
Note: It is recommended that the SHI be disabled before entering the stop state.
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SECTION 8

ENHANCED SERIAL AUDIO
INTERFACE (ESAI)

8.1 INTRODUCTION

The Enhanced Serial Audio Interface (ESAI) provides a full-duplex serial port for serial
communication with avariety of serial devicesincluding one or more industry-standard
codecs, other DSPs, microprocessors, and peripherals which implement the Motorola SPI
serial protocol. The ESAI consists of independent transmitter and receiver sections, each
section with its own clock generator. It is a superset of the 56300 Family ESSI peripheral and
of the 56000 Family SAIl peripheral.

The ESAI block diagram is shown in Figure 8-1. The ESAI is hamed synchronous because all
serid transfers are synchronized to a clock. Additional synchronization signals are used to
delineate the word frames. The normal mode of operation is used to transfer data at a periodic
rate, one word per period. The network mode is similar in that it is also intended for periodic
transfers; however, it supports up to 32 words (time slots) per period. This mode can be used
to build time division multiplexed (TDM) networks. In contrast, the on-demand mode is
intended for non-periodic transfers of data and to transfer data serially at high speed when the
data becomes available. This mode offers a subset of the SPI protocol.
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Figure 8-1 ESAI Block Diagram

8-2 DSP56362 MOTOROLA



Enhanced Serial AUDIO Interface (ESAI)
ESAI Data and Control Pins

8.2 ESAIDATA AND CONTROL PINS

Threeto twelve pinsare required for operation, depending on the operating mode selected and
the number of transmitters and receivers enabled. The SDOO0 and SDO1 pins are used by
transmitters 0 and 1 only. The SDO2/SDI13, SDO3/SDI12, SDO4/SDI1, and SDO5/SDI0 pins
are shared by transmitters 2 to 5 with receivers 0 to 3. The actual mode of operation is selected
under software control. All transmitters operate fully synchronized under control of the same
transmitter clock signals. All receivers operate fully synchronized under control of the same
receiver clock signals.

8.2.1 SERIAL TRANSMIT 0 DATA PIN (SDOO)

SDOO0 is used for transmitting data from the TXO0 serial transmit shift register. SDOO0 isan
output when datais being transmitted from the TXO0 shift register. In the on-demand mode
with an internally generated bit clock, the SDOO pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword follows immediately, there is no high-impedance interval.

SDOO0 may be programmed as a general-purpose 1/0 pin (PC11) when the ESAI SDOO
function is not being used.

8.2.2 SERIAL TRANSMIT 1 DATA PIN (SDO1)

SDOL is used for transmitting data from the TX1 serial transmit shift register. SDOl isan
output when datais being transmitted from the TX1 shift register. In the on-demand mode
with an internally generated bit clock, the SDO1 pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword follows immediately, there is no high-impedance interval.

SDO1 may be programmed as a general-purpose 1/0 pin (PC10) when the ESAI SDO1
function is not being used.

8.2.3 SERIAL TRANSMIT 2/RECEIVE 3 DATA PIN (SDO2/SDI3)

SD0O2/SDI3 isused as the SDO2 for transmitting data from the TX2 serial transmit shift
register when programmed as a transmitter pin, or asthe SDI3 signal for receiving serial data
to the RX 3 serial receive shift register when programmed as areceiver pin. SDO2/SDI3 isan
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input when data is being received by the RX 3 shift register. SDO2/SDI3 is an output when
datais being transmitted from the TX2 shift register. In the on-demand mode with an
internally generated bit clock, the SDO2/SDI3 pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword follows immediately, there is no high-impedance interval.

SD0O2/SDI3 may be programmed as a general-purpose 1/0 pin (PC9) when the ESAI SDO2
and SDI3 functions are not being used.

8.2.4 SERIAL TRANSMIT 3/RECEIVE 2 DATA PIN (SDO3/SDI2)

SDO3/SDI2 isused asthe SDO3 signal for transmitting data from the TX 3 serial transmit
shift register when programmed as a transmitter pin, or asthe SDI2 signal for receiving serial
datato the RX2 serial receive shift register when programmed as areceiver pin. SDO3/SDI2
isan input when data is being received by the RX2 shift register. SDO3/SDI2 is an output
when data is being transmitted from the TX3 shift register. In the on-demand mode with an
internally generated bit clock, the SDO3/SDI2 pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword follows immediately, there is no high-impedance interval.

SDO3/SDI2 may be programmed as a general-purpose 1/0 pin (PC8) when the ESAI SDO3
and SDI2 functions are not being used.

8.2.5 SERIAL TRANSMIT 4/RECEIVE 1 DATA PIN (SDO4/SDI1)

SDO4/SDI1 isused asthe SDO4 signal for transmitting data from the TX4 serial transmit
shift register when programmed as transmitter pin, or asthe SDI1 signal for receiving serial
datato the RX1 serial receive shift register when programmed as areceiver pin. SDO4/SDI1
isan input when data is being received by the RX 1 shift register. SDO4/SDI 1 is an output
when data is being transmitted from the TX4 shift register. In the on-demand mode with an
internally generated bit clock, the SDO4/SDI1 pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword follows immediately, there is no high-impedance interval.

SDO4/SDI1 may be programmed as a general-purpose 1/O pin (PC7) when the ESAI SDO4
and SDI1 functions are not being used.
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8.2.6 SERIAL TRANSMIT 5/RECEIVE 0 DATA PIN (SDO5/SDIO0)

SDO5/SDI0 is used as the SDOS signal for transmitting data from the TX5 serial transmit
shift register when programmed as transmitter pin, or as the SDI0 signal for receiving serial
datato the RXO0 serial shift register when programmed as areceiver pin. SDO5/SDI0 isan
input when data is being received by the RXO0 shift register. SDO5/SDI0 is an output when
datais being transmitted from the TX5 shift register. In the on-demand mode with an
internally generated bit clock, the SDO5/SDI0 pin becomes high impedance for afull clock
period after the last data bit has been transmitted, assuming another data word does not follow
immediately. If adataword followsimmediately, there is no high-impedance interval.

SDO5/SDI0 may be programmed as a general-purpose /0 pin (PC6) when the ESAI SDO5
and SDIO0 functions are not being used

8.2.7 RECEIVER SERIAL CLOCK (SCKR)

SCKRisabidirectional pin providing thereceivers serial bit clock for the ESAI interface. The
direction of this pin is determined by the RCKD bit in the RCCR register.The SCKR operates
asaclock input or output used by all the enabled receivers in the asynchronous mode
(SYN=0), or as seria flag O pin in the synchronous mode (SY N=1).

When this pin is configured as serial flag pin, its direction is determined by the RCKD bit in
the RCCR register. When configured as the output flag OFO, this pin reflects the value of the
OFO bitinthe SAICR register, and the datain the OFO0 bit shows up at the pin synchronized to
the frame sync being used by the transmitter and receiver sections. When thispinis
configured as the input flag | FO, the data value at the pin is stored in the IFO bit in the SAISR
register, synchronized by the frame sync in normal mode or the slot in network mode.

SCKR may be programmed as a genera -purpose 1/0 pin (PCO) when the ESAI SCKR
function is not being used.

Note: Although the external ESAI serial clock can be independent of and asynchronous
to the DSP system clock, the DSP clock frequency must be at least three times the
external ESAI serial clock frequency and each ESAI serial clock phase must
exceed the minimum of 1.5 DSP clock periods.
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For more information on pin mode and definition, see Table 8-10 and on receiver clock

signals see Table 8-1.

Table 8-1 Receiver Clock Sources (asynchronous mode only)

Receiver
RHCKD RFSD RCKD Bit Clock OUTPUTS
Source
0 0 0 SCKR
0 0 1 HCKR SCKR
0 1 0 SCKR FSR
0 1 1 HCKR FSR SCKR
1 0 0 SCKR HCKR
1 0 1 INT HCKR SCKR
1 1 0 SCKR HCKR FSR
1 1 1 INT HCKR FSR SCKR
8.2.8 TRANSMITTER SERIAL CLOCK (SCKT)

SCKT isabidirectional pin providing the transmitters serial bit clock for the ESAI interface.
The direction of this pin isdetermined by the TCKD bit in the TCCR register. The SCKT isa
clock input or output used by all the enabled transmitters in the asynchronous mode (SY N=0)
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or by all the enabled transmitters and receiversin the synchronous mode (SYN=1) (see
Table 8-2).

Table 8-2 Transmitter Clock Sources

THCKD TFSD TCKD Bi:é?gf;gice OUTPUTS
0 0 0 SCKT
0 0 1 HCKT SCKT
0 1 0 SCKT FST
0 1 1 HCKT FST SCKT
1 0 0 SCKT HCKT
1 0 1 INT HCKT SCKT
1 1 0 SCKT HCKT FST
1 1 1 INT HCKT FST SCKT

SCKT may be programmed as a general-purpose 1/0 pin (PC3) when the ESAI SCKT
function is not being used.

Note: Although the external ESAI serial clock can be independent of and asynchronous
to the DSP system clock, the DSP clock frequency must be at least three times the
external ESAI serial clock frequency and each ESAI serial clock phase must
exceed the minimum of 1.5 DSP clock periods.

8.2.9 FRAME SYNC FOR RECEIVER (FSR)

FSR isabidirectional pin providing the receivers frame sync signal for the ESAI interface.
The direction of this pin is determined by the RFSD bit in RCR register. In the asynchronous
mode (SY N=0), the FSR pin operates as the frame sync input or output used by all the enabled
receivers. In the synchronous mode (SYN=1), it operates as either the seria flag 1 pin
(TEBE=0), or asthe transmitter external buffer enable control (TEBE=1, RFSD=1). For
further information on pin mode and definition, see Table 8-11 and on receiver clock signals
see Table 8-1.

When this pin is configured as serial flag pin, its direction is determined by the RFSD bit in
the RCCR register. When configured as the output flag OF1, this pin reflects the value of the
OF1 bitinthe SAICR register, and the datain the OF1 bit shows up at the pin synchronized to
the frame sync being used by the transmitter and receiver sections. When configured as the
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input flag IF1, the data value at the pin is stored in the IF1 bit in the SAISR register,
synchronized by the frame sync in normal mode or the slot in network mode.

FSR may be programmed as a general-purpose I/O pin (PC1) when the ESAI FSR functionis
not being used.

8.2.10 FRAME SYNC FOR TRANSMITTER (FST)

FST isabidirectional pin providing the frame sync for both the transmitters and receiversin
the synchronous mode (SY N=1) and for the transmitters only in asynchronous mode (SY N=0)
(see Table 8-2). The direction of this pin is determined by the TFSD bit in the TCR register.
When configured as an output, this pin isthe internally generated frame sync signal. When
configured as an input, this pin receives an external frame sync signal for the transmitters (and
the receivers in synchronous mode).

FST may be programmed as a genera-purpose /O pin (PC4) when the ESAI FST functionis
not being used.

8.2.11 HIGH FREQUENCY CLOCK FOR TRANSMITTER (HCKT)

HCKT isabidirectional pin providing the transmitters high frequency clock for the ESAI
interface. The direction of this pin is determined by the THCKD bit in the TCCR register. In
the asynchronous mode (SY N=0), the HCKT pin operates as the high frequency clock input or
output used by all enabled transmitters. In the synchronous mode (SY N=1), it operates as the
high frequency clock input or output used by all enabled transmitters and receivers. When
programmed as input this pin is used as an aternative high frequency clock source to the
ESAI transmitter rather than the DSP main clock. When programmed as output it can serve as
a high frequency sample clock (to external DACs for example) or as an additional system
clock. See Table 8-2.

HCKT may be programmed as a genera -purpose /O pin (PC5) when the ESAl HCKT
function is not being used.

8.2.12 HIGH FREQUENCY CLOCK FOR RECEIVER (HCKR)

HCKR isabidirectional pin providing the receivers high frequency clock for the ESAI
interface. The direction of this pin is determined by the RHCKD bit in the RCCR register. In
the asynchronous mode (SY N=0), the HCKR pin operates as the high frequency clock input
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or output used by all the enabled receivers. In the synchronous mode (SYN=1), it operates as
the serial flag 2 pin. For further information on pin mode and definition, see Table 8-12 and
on receiver clock signals see Table 8-1.

When thispinis configured as serial flag pin, itsdirection is determined by the RHCKD bit in
the RCCR register. When configured as the output flag OF2, this pin reflects the value of the
OF2 bitinthe SAICR register, and the datain the OF2 bit shows up at the pin synchronized to
the frame sync being used by the transmitter and receiver sections. When configured as the
input flag IF2, the data value at the pin is stored in the IF2 bit in the SAISR register,
synchronized by the frame sync in normal mode or the slot in network mode.

HCKR may be programmed as a general-purpose 1/0 pin (PC2) when the ESAI HCKR
function is not being used.

8.3 ESAI PROGRAMMING MODEL

The ESAI can be viewed as five control registers, one status register, six transmit data
registers, four receive data registers, two transmit slot mask registers, two receive slot mask
registers and a special-purpose time slot register. The following paragraphs give detailed
descriptions and operations of each bit in the ESAI registers.

The ESAI pins can also function as GPIO pins (Port C), described in Section 8.5, “GPIO -
Pins and Registers”.

8.3.1  ESAI TRANSMITTER CLOCK CONTROL REGISTER
(TCCR)

The read/write Transmitter Clock Control Register (TCCR) controls the ESAI transmitter
clock generator bit and frame sync rates, the bit clock and high frequency clock sources and
the directions of the HCKT, FST and SCKT signals. (See Table 8-3). In the synchronous
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mode (SY N=1), the bit clock defined for the transmitter determines the receiver bit clock as
well. TCCR also controls the number of words per frame for the serial data.

Table 8-3 TCCR Register

1 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB6 | TDC2 | TDC1 | TDCO | TPSR | TPM7 | TPM6 | TPM5 | TPM4 | TPM3 | TPM2 | TPM1 | TPMO

23 22 21 20 19 18 17 16 15 14 13 12
THCKD| TFSD | TCKD |THCKP| TFSP | TCKP | TFP3 | TFP2 | TFP1 | TFPO | TDC4 | TDC3

Hardware and software reset clear al the bits of the TCCR register.
The TCCR control bits are described in the following paragraphs.

8.3.1.1 TCCR Transmit Prescale Modulus Select (TPM7-TPMO) - Bits 0-7

The TPM7-TPMO bits specify the divide ratio of the prescale divider in the ESAI transmitter

clock generator. A divide ratio from 1 to 256 (TPM[7:0]=$00 to $FF) may be selected. The bit

clock output is available at the transmit serial bit clock (SCKT) pin of the DSP. The bit clock

output is also available internally for use as the bit clock to shift the transmit and receive shift
registers. The ESAI transmit clock generator functional diagram is shown in Figure 8-2.
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Figure 8-2 ESAI Clock Generator Functional Block Diagram
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8.3.1.2 TCCR Transmit Prescaler Range (TPSR) - Bit 8

The TPSR bit controls afixed divide-by-eight prescaler in series with the variable prescaler.
Thisbit is used to extend the range of the prescaler for those cases where a slower bit clock is
desired. When TPSR is set, the fixed prescaler is bypassed. When TPSR is cleared, the fixed
divide-by-eight prescaler is operational (see Figure 8-2). The maximum internally generated
bit clock frequency is Fosc/4; the minimum internally generated bit clock frequency is Fosc/(2
X 8 x 256)=Fosc/4096.

Note: Do not use the combination TPSR=1 and TPM7-TPM0=$00, which causes
synchronization problems when using the internal DSP clock as source (TCKD=1
or THCKD=1).

8.3.1.3 TCCR Tx Frame Rate Divider Control (TDC4-TDCO) - Bits 9-13
The TDC4-TDCO bits control the divide ratio for the programmable frame rate dividers used
to generate the transmitter frame clocks.

In network mode, this ratio may be interpreted as the number of words per frame minus one.
The divide ratio may range from 2 to 32 (TDC[4:0]=00001 to 11111) for network mode. A
divide ratio of one (TDCJ[4:0]=00000) in network mode is a special case (on-demand mode).

In normal mode, this ratio determines the word transfer rate. The divide ratio may range from
1 to 32 (TDCJ4:0]=00000 to 11111) for normal mode. In normal mode, a divide ratio of 1
(TDC[4:0]=00000) provides continuous periodic data word transfers. A bit-length frame sync
(TFSL=1) must be used in this case.

The ESAI frame sync generator functional diagram is shoviamimre 8-3
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Figure 8-3 ESAI Frame Sync Generator Functional Block Diagram

8.3.1.4 TCCR Tx High Frequency Clock Divider (TFP3-TFPO) - Bits 14-17

The TFP3-TFPO bits control the divide ratio of the transmitter high frequency clock to the
transmitter serial bit clock when the source of the high frequency clock and the bit clock is the
internal DSP clock. When the HCKT input is being driven from an external high frequency
clock, the TFP3-TFPO bits specify an additional division ratio in the clock divider chain. See
Table 8-4 for the specification of the divide ratio. The ESAI high frequency clock generator
functional diagram is shown in Figure 8-2.
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Table 8-4 Transmitter High Frequency Clock Divider

TFP3-TFPO Divide Ratio
$0 1
$1 2
$2 3
$3 4
$F 16
8.3.1.5 TCCR Transmit Clock Polarity (TCKP) - Bit 18

The Transmitter Clock Polarity (TCKP) bit controls on which bit clock edge data and frame
sync are clocked out and latched in. If TCKP is cleared the data and the frame sync are
clocked out on therising edge of the transmit bit clock and latched in on the falling edge of the
transmit bit clock. If TCKP is set the falling edge of the transmit clock is used to clock the
data out and frame sync and the rising edge of the transmit clock is used to latch the data and
frame syncin.

8.3.1.6 TCCR Transmit Frame Sync Polarity (TFSP) - Bit 19

The Transmitter Frame Sync Polarity (TFSP) bit determines the polarity of the transmit frame
sync signal. When TFSP is cleared, the frame sync signal polarity is positive (i.e the frame
start isindicated by a high level on the frame sync pin). When TFSP is set, the frame sync
signal polarity is negative (i.e the frame start isindicated by alow level on the frame sync

pin).

8.3.1.7 TCCR Transmit High Frequency Clock Polarity (THCKP) - Bit 20
The Transmitter High Frequency Clock Polarity (THCKP) bit controls on which bit clock
edge data and frame sync are clocked out and latched in. If THCKP is cleared the data and the
frame sync are clocked out on the rising edge of the transmit bit clock and latched in on the
falling edge of the transmit bit clock. If THCKP is set the falling edge of the transmit clock is
used to clock the data out and frame sync and the rising edge of the transmit clock is used to
latch the data and frame sync in.

8.3.1.8 TCCR Transmit Clock Source Direction (TCKD) - Bit 21

The Transmitter Clock Source Direction (TCKD) bit selects the source of the clock signal
used to clock the transmit shift registersin the asynchronous mode (SY N=0) and the transmit
shift registers and the receive shift registers in the synchronous mode (SYN=1). When TCKD
isset, the internal clock source becomes the bit clock for the transmit shift registers and word
length divider and is the output on the SCKT pin. When TCKD is cleared, the clock sourceis
external; the internal clock generator is disconnected from the SCKT pin, and an external
clock source may drive this pin. See Table 8-2.
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8.3.1.9 TCCR Transmit Frame Sync Signal Direction (TFSD) - Bit 22
TFSD controls the direction of the FST pin. When TFSD is cleared, FST is an input; when
TFSD is set, FST isan output. See Table 8-2.

8.3.1.10 TCCR Transmit High Frequency Clock Direction (THCKD) - Bit 23
THCKD controlsthe direction of the HCKT pin. When THCKD iscleared, HCKT isaninput;
when THCKD isset, HCKT is an output. See Table 8-2.

8.3.2 ESAI TRANSMIT CONTROL REGISTER (TCR)

The read/write Transmit Control Register (TCR) controls the ESAI transmitter section.
Interrupt enable bits for the transmitter section are provided in this control register. Operating
modes are also selected in this register. See Table 8-5.

Table 8-5 TCR Register

1 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB5 |TSWS1|TSWSO|TMOD1TMODO| TWA |[TSHFD| TE5 TE4 TE3 TE2 TE1l TEO

23 22 21 20 19 18 17 16 15 14 13 12
TLIE | TIE |[TEDIE| TEIE | TPR PADC | TFSR | TFSL |TSWS4| TSWS3| TSWS2

Reserved hit - read as zero; should be written with zero for future compatibility.

Hardware and software reset clear all the bitsin the TCR register.
The TCR bits are described in the following paragraphs.

8.3.2.1 TCR ESAI Transmit 0 Enable (TEO) - Bit 0

TEO enables the transfer of datafrom TXO to the transmit shift register #0. When TEQO is set
and aframe sync is detected, the transmit #0 portion of the ESAI is enabled for that frame.
When TEO is cleared, the transmitter #0 is disabled after compl eting transmission of data
currently in the ESAI transmit shift register. The SDOO output is tri-stated, and any data
present in TXO0 isnot transmitted (i.e., data can be written to TX0 with TEO cleared; but datais
not transferred to the transmit shift register #0).

The normal mode transmit enable sequence isto write data to one or more transmit data
registers before setting TEx. The normal transmit disable sequenceisto clear TEX, TIE and
TEIE after TDE equals one.
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In the network mode, the operation of clearing TEO and setting it again disables the
transmitter #0 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDOO pin remainsin the high-impedance

state. The on-demand mode transmit enable sequence can be the same as the normal mode, or
TEO can be left enabled.

8.3.2.2 TCR ESAI Transmit 1 Enable (TE1) - Bit 1

TEL enables the transfer of datafrom TX1 to the transmit shift register #1. When TEL is set
and aframe sync is detected, the transmit #1 portion of the ESAI is enabled for that frame.
When TEL is cleared, the transmitter #1 is disabled after completing transmission of data
currently in the ESAI transmit shift register. The SDOL1 output is tri-stated, and any data
present in TX1 isnot transmitted (i.e., datacan bewrittento TX1 with TEL cleared; but datais
not transferred to the transmit shift register #1).

The normal mode transmit enable sequence is to write data to one or more transmit data
registers before setting TEX. The normal transmit disable sequenceisto clear TEx, TIE and
TEIE after TDE equals one.

In the network mode, the operation of clearing TEL and setting it again disables the
transmitter #1 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDOL1 pin remainsin the high-impedance state.
The on-demand mode transmit enable sequence can be the same as the normal mode, or TE1
can be left enabled.

8.3.2.3 TCR ESAI Transmit 2 Enable (TE2) - Bit 2

TE2 enables the transfer of datafrom TX2 to the transmit shift register #2. When TE2 is set
and aframe sync is detected, the transmit #2 portion of the ESAI is enabled for that frame.
When TE2 is cleared, the transmitter #2 is disabled after completing transmission of data
currently in the ESAI transmit shift register. Data can be written to TX2 when TE2 is cleared
but the datais not transferred to the transmit shift register #2.

The SDO2/SDI3 pinisthe datainput pin for RX3 if TE2 is cleared and RE3 in the RCR
register is set. If both RE3 and TE2 are cleared the transmitter and receiver are disabled, and
the pin istri-stated. Both RE3 and TE2 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data
registers before setting TEX. The normal transmit disable sequenceisto clear TEx, TIE and
TEIE after TDE equals one.

In the network mode, the operation of clearing TE2 and setting it again disables the
transmitter #2 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDO2/SDI3 pin remains in the high-impedance
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state. The on-demand mode transmit enable sequence can be the same as the normal mode, or
TE2 can be |eft enabled.

8.3.24 TCR ESAI Transmit 3 Enable (TE3) - Bit 3

TES3 enables the transfer of datafrom TX3 to the transmit shift register #3. When TE3 is set
and aframe sync is detected, the transmit #3 portion of the ESAI is enabled for that frame.
When TE3 is cleared, the transmitter #3 is disabled after completing transmission of data
currently in the ESAI transmit shift register. Data can be written to TX3 when TE3 is cleared
but the datais not transferred to the transmit shift register #3.

The SDO3/SDI2 pinisthe datainput pin for RX2 if TE3 is cleared and RE2 in the RCR
register is set. If both RE2 and TE3 are cleared the transmitter and receiver are disabled, and
the pin istri-stated. Both RE2 and TE3 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data
registers before setting TEx. The normal transmit disable sequence isto clear TEX, TIE and
TEIE after TDE equals one.

In the network mode, the operation of clearing TE3 and setting it again disables the
transmitter #3 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDO3/SDI2 pin remains in the high-impedance
state. The on-demand mode transmit enable sequence can be the same as the normal mode, or
TE3 can be left enabled.

8.3.2.5 TCR ESAI Transmit 4 Enable (TE4) - Bit 4

TE4 enables the transfer of datafrom TX4 to the transmit shift register #4. When TE4 is set
and aframe sync is detected, the transmit #4 portion of the ESAI is enabled for that frame.
When TE4 is cleared, the transmitter #4 is disabled after completing transmission of data
currently in the ESAI transmit shift register. Data can be written to TX4 when TE4 is cleared
but the datais not transferred to the transmit shift register #4.

The SDO4/SDI 1 pinisthe datainput pin for RX1 if TE4 is cleared and REL in the RCR
register is set. If both REL and TE4 are cleared the transmitter and receiver are disabled, and
the pin istri-stated. Both RE1 and TE4 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data
registers before setting TEx. The normal transmit disable sequence isto clear TEX, TIE and
TEIE after TDE equals one.

In the network mode, the operation of clearing TE4 and setting it again disables the
transmitter #4 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDO4/SDI 1 pin remains in the high-impedance
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state. The on-demand mode transmit enable sequence can be the same as the normal mode, or
TE4 can be |eft enabled.

8.3.2.6 TCR ESAI Transmit 5 Enable (TE5) - Bit 5

TES5 enables the transfer of datafrom TX5 to the transmit shift register #5. When TES is set
and aframe sync is detected, the transmit #5 portion of the ESAI is enabled for that frame.
When TE5S is cleared, the transmitter #5 is disabled after completing transmission of data
currently in the ESAI transmit shift register. Data can be written to TX5 when TES is cleared
but the datais not transferred to the transmit shift register #5.

The SDO5/SDIO pinisthe datainput pin for RXO0 if TE5 is cleared and REO in the RCR
register is set. If both REO and TES are cleared the transmitter and receiver are disabled, and
the pin istri-stated. Both REO and TE5 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data
registers before setting TEX. The normal transmit disable sequenceisto clear TEx, TIE and
TEIE after TDE equals one.

In the network mode, the operation of clearing TES and setting it again disables the
transmitter #5 after completing transmission of the current data word until the beginning of
the next frame. During that time period, the SDO5/SDI0 pin remains in the high-impedance
state. The on-demand mode transmit enable sequence can be the same as the normal mode, or
TES can be left enabled.

8.3.2.7 TCR Transmit Shift Direction (TSHFD) - Bit 6
The TSHFD bit causes the transmit shift registersto shift data out MSB first when TSHFD
equals zero or LSB first when TSHFD equals one (see Figure 8-7 and Figure 8-8).

8.3.2.8 TCR Transmit Word Alignment Control (TWA) - Bit 7

The Transmitter Word Alignment Control (TWA) bit defines the alignment of the data word
inrelation to the slot. Thisisrelevant for the cases where the word length is shorter than the
dot length. If TWA iscleared, the dataword is |eft-aligned in the slot frame during
transmission. If TWA is set, the data word isright-aligned in the slot frame during
transmission.

Since the data word is shorter than the slot length, the data word is extended until achieving
the dot length, according to the following rule:

1. If thedataword isleft-aligned (TWA=0), and zero padding is disabled (PADC=0),
then the last data bit is repeated after the data word has been transmitted. If zero
padding is enabled (PADC=1), zeroes are transmitted after the data word has been
transmitted.
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2. If the dataword isright-aligned (TWA=1), and zero padding is disabled (PADC=0),
then the first data bit is repeated before the transmission of the data word. If zero
padding is enabled (PADC=1), zeroes are transmitted before the transmission of the
dataword.

8.3.2.9 TCR Transmit Network Mode Control (TMOD1-TMODO) - Bits 8-9

The TMOD1 and TMODO bits are used to define the network mode of ESAI transmitters

according to Table 8-6. In the normal mode, the frame rate divider determines the word

transfer rate — one word is transferred per frame sync during the frame sync time slot, as
shown in Figure 8-4. In network mode, it is possible to transfer a word for every time slot, as
shown in Figure 8-4. For more details, see Section 8.4, “Operating Modes”.

In order to comply with AC-97 specifications, TSWS4-TSWSO0 should be set to 00011 (20-bit
slot, 20-bit word length), TFSL and TFSR should be cleared, and TDC4-TDCO should be set
to $0C (13 words in frame). If TMOD[1:0]=$11 and the above recommendations are
followed, the first slot and word will be 16 bits long, and the next 12 slots and words will be
20 bits long, as required by the AC97 protocaol.

Table 8-6 Transmit Network Mode Selection

TMOD1 TMODO TDC4-TDCO Transmitter Network Mode
0 0 $0-$1F Normal Mode
0 1 $0 On-Demand Mode
0 1 $1-$1F Network Mode
1 0 X Reserved
1 1 $0C AC97
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TCR Tx Slot and Word Length Select (TSWS4-TSWSO0) - Bits 10-14
The TSWSA-TSWSO bits are used to select the length of the slot and the length of the data
words being transferred viathe ESAI. The word length must be equal to or shorter than the
slot length. The possible combinations are shown in Table 8-7. See also the ESAI data path
programming model in Figure 8-7 and Figure 8-8.

Table 8-7 ESAI Transmit Slot and Word Length Selection

TSWSA TSWS3 TSWS2 TSWS1 TSWSO0 SLOT LENGTH WORD LENGTH
0 0 0 0 0 8 8
0 0 1 0 0 12 8
0 0 0 0 1 12
0 1 0 0 0 16 8
0 0 1 0 1 12
0 0 0 1 0 16
0 1 1 0 0 20 8
0 1 0 0 1 12
0 0 1 1 0 16
0 0 0 1 1 20
1 0 0 0 0 24 8
0 1 1 0 1 12
0 1 0 1 0 16
0 0 1 1 1 20
1 1 1 1 0 24
1 1 0 0 0 32 8
1 0 1 0 1 12
1 0 0 1 0 16
0 1 1 1 1 20
1 1 1 1 1 24
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Table 8-7 ESAI Transmit Slot and Word Length Selection (Continued)

TSWSA TSWS3 TSWS2 TSWS1 TSWSO0 SLOT LENGTH WORD LENGTH

Reserved

N T R R =1 =]
RrlRr|RrR|PrP|r|l o|o|o| ol of ,r| r
|| o|lo|lo|lr|rR|Rr|o|l o]l r]| o
o|l o| Rr|r|o|lr|krRr|oO| Rr| O] ,r|r
Rr|lo|r|o|lr|RrR|o|o| r|krR| o] r

8.3.2.11 TCR Transmit Frame Sync Length (TFSL) - Bit 15

The TFSL hit selects the length of frame sync to be generated or recognized. If TFSL is
cleared, aword-length frame syncis selected. If TFSL is set, a 1-bit clock period framesyncis
selected. See Figure 8-5 for examples of frame length selection.
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NOTE: Frame sync occurs for one bit time preceding the data.

MIXED FRAME LENGTH: TFSL=1, RFSL=0

RX FRAME SYNC

RX SERIAL DATA

DATA DATA
/ /

TX FRAME SYNC | | |_

TX SERIAL DATA
DATA J DATA J

MIXED FRAME LENGTH: TFSL=0, RFSL=1

RX FRAME SYNC | | |—|

RX SERIAL DATA
DATA / DATA /

TX FRAME SYNC

TX SERIAL DATA

DATA DATA
/ /

Figure 8-5 Frame Length Selection
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8.3.2.12 TCR Transmit Frame Sync Relative Timing (TFSR) - Bit 16

TFSR determines the relative timing of the transmit frame sync signal asreferred to the seria
datalines, for aword length frame sync only (TFSL=0). When TFSR is cleared the word
length frame sync occurs together with the first bit of the data word of the first slot. When
TFSR is set the word length frame sync starts one serial clock cycle earlier (i.e together with
the last bit of the previous data word).

8.3.2.13 TCR Transmit Zero Padding Control (PADC) - Bit 17

When PADC iscleared, zero padding isdisabled. When PADC is set, zero padding is enabled.
PADC, in conjunction with the TWA control bit, determines the way that padding is done for
operating modes where the word length is less than the dot length. See the TWA bit
description in Section 8.3.2.8, “TCR Transmit Word Alignment Control (TWA) - Bit 7" for
more details.

Since the data word is shorter than the slot length, the data word is extended until achieving
the slot length, according to the following rule:

1. If the data word is left-aligned (TWA=0), and zero padding is disabled (PADC=0),
then the last data bit is repeated after the data word has been transmitted. If zero
padding is enabled (PADC=1), zeroes are transmitted after the data word has been
transmitted.

2. If the data word is right-aligned (TWA=1), and zero padding is disabled (PADC=0),
then the first data bit is repeated before the transmission of the data word. If zero
padding is enabled (PADC=1), zeroes are transmitted before the transmission of the
data word.

8.3.2.14 TCR Reserved Bit - Bit 18
This bit is reserved. It reads as zero, and it should be written with zero for future
compatibility.

8.3.2.15 TCR Transmit Section Personal Reset (TPR) - Bit 19

The TPR control bit is used to put the transmitter section of the ESAI in the personal reset
state. The receiver section is not affected. When TPR is cleared, the transmitter section may
operate normally. When TPR is set, the transmitter section enters the personal reset state
immediately. When in the personal reset state, the status bits are reset to the same state as after
hardware reset. The control bits are not affected by the personal reset state. The transmitter
data pins are tri-stated while in the personal reset state; if a stable logic level is desired, the
transmitter data pins should be defined as GPIO outputs, or external pull-up or pull-down
resistors should be used. The transmitter clock outputs drive zeroes while in the personal reset
state. Note that to leave the personal reset state by clearing TPR, the procedure described in
Section 8.6, “ESAI Initialization Examples” should be followed.
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8.3.2.16 TCR Transmit Exception Interrupt Enable (TEIE) - Bit 20

When TEIE is set, the DSP is interrupted when both TDE and TUE in the SAISR status
register are set. When TEIE is cleared, this interrupt is disabled. Reading the SAISR status
register followed by writing to all the data registers of the enabled transmitters clears TUE,
thus clearing the pending interrupt.

8.3.2.17 TCR Transmit Even Slot Data Interrupt Enable (TEDIE) - Bit 21
The TEDIE control bit is used to enable the transmit even slot datainterrupts. If TEDIE is set,
the transmit even dot data interrupts are enabled. If TEDIE is cleared, the transmit even slot
datainterrupts are disabled. A transmit even slot data interrupt request is generated if TEDIE
is set and the TEDE status flag in the SAISR status register is set. Even time dots are all
even-numbered time dots (0, 2, 4, etc.) when operating in network mode. Thezerotimedlotin
the frame is marked by the frame sync signal and is considered to be even. Writing data to all
the data registers of the enabled transmitters or to TSR clears the TEDE flag, thus servicing
the interrupt.

Transmit interrupts with exception have higher priority than transmit even slot data interrupts,
therefore if exception occurs (TUE isset) and TEIE is set, the ESAI requests an ESAI transmit
data with exception interrupt from the interrupt controller.

8.3.2.18 TCR Transmit Interrupt Enable (TIE) - Bit 22

The DSPisinterrupted when TIE and the TDE flag in the SAISR statusregister are set. When
TIE iscleared, thisinterrupt is disabled. Writing data to all the data registers of the enabled
transmitters or to TSR clears TDE, thus clearing the interrupt.

Transmit interrupts with exception have higher priority than normal transmit data interrupts,
therefore if exception occurs (TUE isset) and TEIE is set, the ESAI requests an ESAI transmit
data with exception interrupt from the interrupt controller.

8.3.2.19 TCR Transmit Last Slot Interrupt Enable (TLIE) - Bit 23

TLIE enables an interrupt at the beginning of last slot of aframe in network mode. When
TLIE isset the DSPisinterrupted at the start of the last slot in aframe in network mode
regardless of the transmit mask register setting. When TLIE is cleared the transmit last slot
interrupt is disabled. TLIE is disabled when TDC[4:0]=$00000 (on-demand mode). The use
of the transmit last dot interrupt is described in Section 8.4.3, “ESAI Interrupt Requests”.
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8.3.3 ESAI RECEIVE CLOCK CONTROL REGISTER (RCCR)

The read/write Receive Clock Control Register (RCCR) controls the ESAI receiver clock
generator bit and frame sync rates, word length, and number of words per frame for the serial
data. The RCCR control bits are described in the following paragraphs (see Table 8-8).

Table 8-8 RCCR Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB8 | RDC2 | RDC1 | RDCO | RPSR | RPM7 | RPM6 | RPM5 | RPM4 | RPM3 | RPM2 | RPM1 | RPMO

23 22 21 20 19 18 17 16 15 14 13 12
RHCKD| RFSD [ RCKD RHCKH RFSP | RCKP | RFP3 | RFP2 | RFP1 | RFPO | RDC4 | RDC3

Hardware and software reset clear al the bits of the RCCR register.

8.3.3.1 RCCR Receiver Prescale Modulus Select (RPM7-RPMO) - Bits 7-0

The RPM7-RPMO bits specify the divide ratio of the prescale divider in the ESAI receiver
clock generator. A divide ratio from 1 to 256 (RPM[7:0]=$00 to $FF) may be selected. The bit
clock output is available at the receiver serial bit clock (SCKR) pin of the DSP. The bit clock
output is also available internally for use as the bit clock to shift the receive shift registers. The
ESAI receive clock generator functional diagram is shown in Figure 8-2.

8.3.3.2 RCCR Receiver Prescaler Range (RPSR) - Bit 8

The RPSR controls a fixed divide-by-eight prescaler in series with the variable prescaler. This
bit is used to extend the range of the prescaler for those cases where a slower bit clock is
desired. When RPSR is set, the fixed prescaler is bypassed. When RPSR is cleared, the fixed
divide-by-eight prescaler is operational (see Figure 8-2). The maximum internally generated
bit clock frequency is Fosc/4, the minimum internally generated bit clock frequency is Fosc/(2

X 8 x 256)=Fo0sc/4096.

Note: Do not use the combination RPSR=1 and RPM7-RPM0=%$00, which causes
synchronization problems when using the internal DSP clock as source
(RHCKD=1 or RCKD=1).

8.3.3.3 RCCR Rx Frame Rate Divider Control (RDC4—-RDCO) - Bits 9-13
The RDC4—-RDCO bits control the divide ratio for the programmable frame rate dividers used
to generate the receiver frame clocks.
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In network mode, this ratio may be interpreted as the number of words per frame minus one.
The divide ratio may range from 2 to 32 (RDC[4:0]=00001 to 11111) for network mode. A
divide ratio of one (RDC[4:0]=00000) in network mode is a special case (on-demand mode).

In normal mode, thisratio determines the word transfer rate. The divide ratio may range from
1to 32 (RDC[4:0]=00000 to 11111) for normal mode. In normal mode, adivide ratio of one
(RDCJ4:0]=00000) provides continuous periodic dataword transfers. A bit-length frame sync
(RFSL=1) must be used in this case.

The ESAI frame sync generator functional diagram is shown in Figure 8-3.

8.3.34 RCCR Rx High Frequency Clock Divider (RFP3-RFPO) - Bits 14-17

The RFP3-RFPO bits control the divide ratio of the receiver high frequency clock to the
receiver serial bit clock when the source of the receiver high frequency clock and the bit clock
is the internal DSP clock. When the HCKR input is being driven from an external high
frequency clock, the RFP3-RFPO bits specify an additional division ration in the clock divider
chain. See Table 8-9 for the specification of the divide ratio. The ESAI high frequency
generator functional diagram is shown in Figure 8-2.

Table 8-9 Receiver High Frequency Clock Divider

RFP3-RFPO Divide Ratio
$0 1
$1 2
$2 3
$3 4
$F 16
8.3.3.5 RCCR Receiver Clock Polarity (RCKP) - Bit 18

The Receiver Clock Polarity (RCKP) bit controls on which bit clock edge data and frame sync
are clocked out and latched in. If RCKP is cleared the data and the frame sync are clocked out
on the rising edge of the receive bit clock and the frame sync is latched in on the falling edge
of the receive bit clock. If RCKP is set the falling edge of the receive clock is used to clock the
data and frame sync out and the rising edge of the receive clock is used to latch the frame sync
in.

8.3.3.6 RCCR Receiver Frame Sync Polarity (RFSP) - Bit 19

The Receiver Frame Sync Polarity (RFSP) determines the polarity of the receive frame sync
signal. When RFSP is cleared the frame sync signal polarity is positive (i.e the frame start is
indicated by a high level on the frame sync pin). When RFSP is set the frame sync signal
polarity is negative (i.e the frame start is indicated by a low level on the frame sync pin).
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8.3.3.7 RCCR Receiver High Frequency Clock Polarity (RHCKP) - Bit 20
The Receiver High Frequency Clock Polarity (RHCKP) bit controls on which bit clock edge
data and frame sync are clocked out and latched in. If RHCKP is cleared the data and the
frame sync are clocked out on the rising edge of the receive hit clock and the frame sync is
latched in on the falling edge of the receive bit clock. If RHCKP is set the falling edge of the
receive clock is used to clock the data and frame sync out and the rising edge of the receive
clock is used to latch the frame sync in.

8.3.3.8 RCCR Receiver Clock Source Direction (RCKD) - Bit 21

The Receiver Clock Source Direction (RCKD) bit selects the source of the clock signal used
to clock the receive shift register in the asynchronous mode (SY N=0) and the |FO/OFO flag
direction in the synchronous mode (SY N=1).

In the asynchronous mode when RCKD is set, the internal clock source becomes the bit clock
for the receive shift registers and word length divider, and is the output on the SCKR pin. In

the asynchronous mode when RCKD iscleared, the clock source is externa; theinternal clock
generator is disconnected from the SCKR pin, and an external clock source may drive thispin.

In the synchronous mode when RCKD is set, the SCKR pin becomes the OFO output flag. If
RCKD is cleared, then the SCKR pin becomes the IFO input flag. See Table 8-1 and
Table 8-10.

Table 8-10 SCKR Pin Definition Table

Control Bits
SCKR PIN
SYN RCKD

0 0 SCKR input

0 1 SCKR output

1 0 IFO

1 1 OF0

8.3.3.9 RCCR Receiver Frame Sync Signal Direction (RFSD) - Bit 22

The Receiver Frame Sync Signal Direction (RFSD) bit selects the source of the receiver frame
sync signal when in the asynchronous mode (SY N=0), and the IF1/OFL/Transmitter Buffer
Enable flag direction in the synchronous mode (SY N=1).

In the asynchronous mode when RFSD is set, the internal clock generator becomes the source
of the receiver frame sync, and is the output on the FSR pin. In the asynchronous mode when
RFSD is cleared, the receiver frame sync source is external; the internal clock generator is
disconnected from the FSR pin, and an external clock source may drive this pin.

8-28 DSP56362 MOTOROLA



Enhanced Serial AUDIO Interface (ESAI)

ESAI Programming Model

In the synchronous mode when RFSD is set, the FSR pin becomes the OF1 output flag or the
Transmitter Buffer Enable, according to the TEBE control bit. If RFSD is cleared, then the
FSR pin becomesthe IF1 input flag. See Table 8-1 and Table 8-11.

Table 8-11 FSR Pin Definition Table

Control Bits
FSR Pin
SYN TEBE RFSD

0 X 0 FSR input

0 X 1 FSR output

1 0 0 IF1

1 0 1 OF1

1 1 0 reserved

1 1 1 Transmitter
Buffer
Enable

8.3.3.10 RCCR Receiver High Frequency Clock Direction (RHCKD) - Bit 23

The Receiver High Frequency Clock Direction (RHCKD) bit selects the source of the receiver
high frequency clock when in the asynchronous mode (SY N=0), and the IF2/OF2 flag
direction in the synchronous mode (SY N=1).

In the asynchronous mode when RHCKD is set, the internal clock generator becomes the
source of the receiver high frequency clock, and is the output on the HCKR pin. In the
asynchronous mode when RHCKD is cleared, the receiver high frequency clock sourceis
external; the internal clock generator is disconnected from the HCKR pin, and an external
clock source may drive this pin.

When RHCKD is cleared, HCKR is an input; when RHCKD is set, HCKR is an output.

In the synchronous mode when RHCKD is set, the HCKR pin becomes the OF2 output flag. If
RHCKD is cleared, then the HCKR pin becomes the IF2 input flag. See Table 8-1 and

Table 8-12.

Table 8-12 HCKR Pin Definition Table

Control Bits
HCKR PIN
SYN RHCKD
0 0 HCKR input
0 1 HCKR output
1 0 IF2
1 1 OF2
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8.3.4 ESAI RECEIVE CONTROL REGISTER (RCR)

The read/write Receive Control Register (RCR) controls the ESAI receiver section. Interrupt
enable bits for the receivers are provided in this control register. The receivers are enabled in
thisregister (0,1,2 or 3 receivers can be enabled) if the input data pinis not used by a
transmitter. Operating modes are also selected in this register.

Table 8-13 RCR Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB7 |RSWS1|RSWS0|RMOD1|RMODO| RWA |RSHFD RE3 RE2 RE1 REO

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

RLIE RIE |REDIE| REIE | RPR RFSR | RFSL |RSWS4|RSWS3 | RSWS2

Reserved bit - read as zero; should be written with zero for future compatibility.

Hardware and software reset clear all the bitsin the RCR register.
The ESAI RCR hits are described in the following paragraphs.

8.3.4.1 RCR ESAI Receiver 0 Enable (REOQ) - Bit 0

When REO is set and TE5 is cleared, the ESAI receiver 0 is enabled and samples data at the
SDO5/SDI0 pin. TX5 and RX0 should not be enabled at the same time (REO=1 and TE5=1).
When REO is cleared, receiver 0 is disabled by inhibiting data transfer into RXO. If thisbit is
cleared while receiving a data word, the remainder of the word is shifted in and transferred to
the RXO0 dataregister.

If REO is set while some of the other receivers are already in operation, the first data word
received in RXO0 will be invalid and must be discarded.

8.3.4.2 RCR ESAI Receiver 1 Enable (RE1) - Bit 1

When RE1 is set and TE4 is cleared, the ESAI receiver 1 is enabled and samples data at the
SDO4/SDI1 pin. TX4 and RX 1 should not be enabled at the same time (RE1=1 and TE4=1).
When REL1 is cleared, receiver 1 is disabled by inhibiting data transfer into RX1. If thisbit is
cleared while receiving a dataword, the remainder of the word is shifted in and transferred to
the RX1 dataregister.

If REL is set while some of the other receivers are already in operation, the first data word
received in RX1 will beinvalid and must be discarded.
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8.3.4.3 RCR ESAI Receiver 2 Enable (RE2) - Bit 2

When RE2 is set and TE3 is cleared, the ESAI receiver 2 is enabled and samples data at the
SDO3/SDI2 pin. TX3 and RX2 should not be enabled at the same time (RE2=1 and TE3=1).
When RE2 is cleared, receiver 2 is disabled by inhibiting datatransfer into RX2. If thisbit is
cleared while receiving a data word, the remainder of the word is shifted in and transferred to
the RX2 dataregister.

If RE2 is set while some of the other receivers are already in operation, the first data word
received in RX2 will be invalid and must be discarded.

8.34.4 RCR ESAI Receiver 3 Enable (RE3) - Bit 3

When RE3 is set and TE2 is cleared, the ESAI receiver 3 is enabled and samples data at the
SDO2/SDI3 pin. TX2 and RX3 should not be enabled at the same time (RE3=1 and TE2=1).
When RE3 is cleared, receiver 3 is disabled by inhibiting datatransfer into RX3. If thisbit is
cleared while receiving a dataword, the remainder of the word is shifted in and transferred to
the RX3 dataregister.

If RE3 is set while some of the other receivers are already in operation, the first data word
received in RX3 will beinvalid and must be discarded.

8.3.4.5 RCR Reserved Bits - Bits 4-5, 17-18
These bits are reserved. They read as zero, and they should be written with zero for future
compatibility.

8.3.4.6 RCR Receiver Shift Direction (RSHFD) - Bit 6
The RSHFD bit causes the receiver shift registersto shift datain MSB first when RSHFD is
cleared or LSB first when RSHFD is set (see Figure 8-7 and Figure 8-8).

8.3.4.7 RCR Receiver Word Alignment Control (RWA) - Bit 7

The Receiver Word Alignment Control (RWA) bit defines the alignment of the dataword in
relation to the slot. Thisisrelevant for the cases where the word length is shorter than the dlot
length. If RWA is cleared, the dataword is assumed to be |eft-aligned in the slot frame. If
RWA is set, the data word is assumed to be right-aligned in the slot frame.

If the dataword is shorter than the slot length, the data bits which are not in the data word
field areignored.

For dataword lengths of less than 24 bits, the data word is right-extended with zeroes before
being stored in the receive data registers.

8.3.4.8 RCR Receiver Network Mode Control (RMOD1-RMODO) - Bits 8-9
The RMOD1 and RMODO hits are used to define the network mode of the ESAI receivers
according to Table 8-14. In the normal mode, the frame rate divider determines the word
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transfer rate — one word is transferred per frame sync during the frame sync time slot, as
shown in Figure 8-4. In network mode, it is possible to transfer a word for every time slot, as
shown in Figure 8-4. For more details, see Section 8.4, “Operating Modes”.

In order to comply with AC-97 specifications, RSWS4-RSWSO0 should be set to 00011 (20-bit
slot, 20-bit word), RFSL and RFSR should be cleared, and RDC4-RDCO should be set to $0C
(13 words in frame).

Table 8-14 ESAI Receive Network Mode Selection

RMOD1 RMODO RDC4-RDCO Receiver Network Mode
0 0 $0-$1F Normal Mode
0 1 $0 On-Demand Mode
0 1 $1-$1F Network Mode
1 0 X Reserved
1 1 $0C AC97
8.3.4.9 RCR Receiver Slot and Word Select (RSWS4-RSWSO0) - Bits 10-14

The RSWS4-RSWSO bits are used to select the length of the slot and the length of the data
words being received via the ESAI. The word length must be equal to or shorter than the slot
length. The possible combinations are shown in Table 8-15. See also the ESAI data path
programming model in Figure 8-7 and Figure 8-8.

Table 8-15 ESAI Receive Slot and Word Length Selection

RSWS4 RSWS3 RSWS2 RSWS1 RSWS0 SLOT LENGTH WORD LENGTH
0 0 0 0 0 8 8
0 0 1 0 0 12 8
0 0 0 0 1 12
0 1 0 0 0 16 8
0 0 1 0 1 12
0 0 0 1 0 16
0 1 1 0 0 20 8
0 1 0 0 1 12
0 0 1 1 0 16
0 0 0 1 1 20
1 0 0 0 0 24 8
0 1 1 0 1 12
0 1 0 1 0 16
0 0 1 1 1 20
1 1 1 1 0 24
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Table 8-15 ESAI Receive Slot and Word Length Selection (Continued)

RSW$4 RSWS3 RSWS2 RSWS1 RSWS0 SLOT LENGTH WORD LENGTH

32 8

12

16

20

24

Reserved

Rlrlr|r| PR RrP|r|rr|o]lo|r|o|lr|r]|r
Rl Rl PRr|Pr| | o|lo|o|lo|lo|lr|r|r|r|l ol o r
| r|o|lo|o|lr|Rr|rRr|lo|lo|lr|o|lr|r|o|lr|o
o|lo|lr|r|o|lr|r|o|r|o|lr|r|RrR|FRr|Rr|o| o
|l ol r|o|lr|Rr|o|lo|r|r|lo|r|RrR|rRr|lo|lRrRr| o

8.3.4.10 RCR Receiver Frame Sync Length (RFSL) - Bit 15

The RFSL bit selects the length of the receive frame sync to be generated or recognized. 1f
RFSL iscleared, aword-length frame sync is selected. If RFSL is set, a 1-bit clock period
frame sync is selected. See Figure 8-5 for examples of frame length selection.

8.34.11 RCR Receiver Frame Sync Relative Timing (RFSR) - Bit 16

RFSR determines the relative timing of the receive frame sync signal as referred to the serial
datalines, for aword length frame sync only. When RFSR is cleared the word length frame
sync occurs together with the first bit of the data word of the first slot. When RFSR is set the
word length frame sync starts one serial clock cycle earlier (i.e. together with the last bit of the
previous data word).

8.3.4.12 RCR Receiver Section Personal Reset (RPR) - Bit 19

The RPR control bit is used to put the receiver section of the ESAI in the personal reset state.
The transmitter section is not affected. When RPR is cleared, the receiver section may operate
normally. When RPR is set, the receiver section enters the personal reset state immediately.
When in the personal reset state, the status bits are reset to the same state as after hardware
reset. The control bits are not affected by the personal reset state. The receiver data pins are
disconnected while in the personal reset state. Note that to |eave the personal reset state by
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clearing RPR, the procedure described in Section 8.6, “ESAI Initialization Examples” should
be followed.

8.3.4.13 RCR Receive Exception Interrupt Enable (REIE) - Bit 20

When REIE is set, the DSP is interrupted when both RDF and ROE in the SAISR status
register are set. When REIE is cleared, this interrupt is disabled. Reading the SAISR status
register followed by reading the enabled receivers data registers clears ROE, thus clearing the
pending interrupt.

8.3.4.14 RCR Receive Even Slot Data Interrupt Enable (REDIE) - Bit 21

The REDIE control bit is used to enable the receive even slot data interrupts. If REDIE is set,
the receive even slot data interrupts are enabled. If REDIE is cleared, the receive even slot
data interrupts are disabled. A receive even slot data interrupt request is generated if REDIE is
set and the REDF status flag in the SAISR status register is set. Even time slots are all
even-numbered time slots (0, 2, 4, etc.) when operating in network mode. The zero time slot is
marked by the frame sync signal and is considered to be even. Reading all the data registers of
the enabled receivers clears the REDF flag, thus servicing the interrupt.

Receive interrupts with exception have higher priority than receive even slot data interrupts,
therefore if exception occurs (ROE is set) and REIE is set, the ESAI requests an ESAI receive
data with exception interrupt from the interrupt controller.

8.3.4.15 RCR Receive Interrupt Enable (RIE) - Bit 22

The DSP is interrupted when RIE and the RDF flag in the SAISR status register are set. When
RIE is cleared, this interrupt is disabled. Reading the receive data registers of the enabled
receivers clears RDF, thus clearing the interrupt.

Receive interrupts with exception have higher priority than normal receive data interrupts,
therefore if exception occurs (ROE is set) and REIE is set, the ESAI requests an ESAI receive
data with exception interrupt from the interrupt controller.

8.3.4.16 RCR Receive Last Slot Interrupt Enable (RLIE) - Bit 23

RLIE enables an interrupt after the last slot of a frame ended in network mode only. When
RLIE is set the DSP is interrupted after the last slot in a frame ended regardless of the receive
mask register setting. When RLIE is cleared the receive last slot interrupt is disabled.
Hardware and software reset clear RLIE. RLIE is disabled when RDC[4:0]=00000
(on-demand mode). The use of the receive last slot interrupt is described in Section 8.4.3,
“ESAI Interrupt Requests”.
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8.3.5 ESAI COMMON CONTROL REGISTER (SAICR)

The read/write Common Control Register (SAICR) contains control bits for functions that
affect both the receive and transmit sections of the ESAI. See Table 8-16.

Table 8-16 SAICR Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB4 ALC | TEBE| SYN OF2 | OF1 | OFO

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

Reserved bit - read as zero; should be written with zero for future compatibility.

Hardware and software reset clear all the bitsin the SAICR register.

8.3.5.1 SAICR Serial Output Flag 0 (OF0) - Bit O

The Serial Output Flag 0 (OF0) isadatabit used to hold data to be send to the OFO pin. When
the ESALI isin the synchronous clock mode (SYN=1), the SCKR pin is configured as the
ESAI flag O. If the receiver serial clock direction bit (RCKD) is set, the SCKR pinisthe
output flag OF0, and data present in the OFO bit is written to the OFO pin at the beginning of
the frame in normal mode or at the beginning of the next time slot in network mode.

8.3.5.2 SAICR Serial Output Flag 1 (OF1) - Bit 1

The Serial Output Flag 1 (OF1) isadatabit used to hold data to be send to the OF1 pin. When
the ESAI isin the synchronous clock mode (SYN=1), the FSR pin is configured as the ESAI
flag 1. If the receiver frame sync direction bit (RFSD) is set and the TEBE bit is cleared, the
FSR pinisthe output flag OF1, and data present in the OF1 bit iswritten to the OF1 pin at the
beginning of the frame in normal mode or at the beginning of the next time slot in network
mode.

8.3.5.3 SAICR Serial Output Flag 2 (OF2) - Bit 2

The Serial Output Flag 2 (OF2) isadatabit used to hold data to be send to the OF2 pin. When
the ESAI isin the synchronous clock mode (SYN=1), the HCKR pin is configured as the
ESAI flag 2. If thereceiver high frequency clock direction bit (RHCKD) is set, the HCKR pin
isthe output flag OF2, and data present in the OF2 bit is written to the OF2 pin at the
beginning of the frame in normal mode or at the beginning of the next time slot in network
mode.

MOTOROLA DSP56362 8-35



Enhanced Serial AUDIO Interface (ESAI)
ESAI Programming Model

8.3.5.4 SAICR Reserved Bits - Bits 3-5, 9-23
These bits are reserved. They read as zero, and they should be written with zero for future
compatibility.

8.3.5.5 SAICR Synchronous Mode Selection (SYN) - Bit 6

The Synchronous Mode Selection (SY N) bit controls whether the receiver and transmitter
sections of the ESAI operate synchronously or asynchronously with respect to each other (see
Figure 8-6). When SY N is cleared, the asynchronous mode is chosen and independent clock
and frame sync signals are used for the transmit and receive sections. When SYN is set, the
synchronous mode is chosen and the transmit and receive sections use common clock and
frame sync signals.

When in the synchronous mode (SY N=1), the transmit and receive sections use the transmitter
section clock generator as the source of the clock and frame sync for both sections. Also, the
receiver clock pins SCKR, FSR and HCKR now operate as |/O flags. See Table 8-10,

Table 8-11 and Table 8-12 for the effects of SYN on the receiver clock pins.

8.3.5.6 SAICR Transmit External Buffer Enable (TEBE) - Bit 7

The Transmitter External Buffer Enable (TEBE) bit controls the function of the FSR pin when
in the synchronous mode. If the ESAI is configured for operation in the synchronous mode
(SYN=1), and TEBE is set while FSR pin is configured as an output (RFSD=1), the FSR pin
functions as the transmitter external buffer enable control, to enable the use of an external
buffers on the transmitter outputs. If TEBE is cleared then the FSR pin functions as the serial
[/O flag 1. See Table 8-11 for asummary of the effects of TEBE on the FSR pin.

8.3.5.7 SAICR Alignment Control (ALC) - Bit 8

The ESAI isdesigned for 24-bit fractional data, thus shorter data words are left aligned to the
MSB (bit 23). Some applications use 16-bit fractional data. In those cases, shorter data words
may be left aligned to bit 15. The Alignment Control (ALC) bit supports these applications.

If ALC is set, transmitted and received words are |eft aligned to bit 15 in the transmit and
receive shift registers. If ALC iscleared, transmitted and received word are left aligned to bit
23 in the transmit and receive shift registers.

Note: While ALC is set, 20-bit and 24-bit words may not be used, and word length
control should specify 8-, 12- or 16-bit words, otherwise results are unpredictable.
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8.3.6 ESAI STATUS REGISTER (SAISR)

The Status Register (SAISR) is aread-only status register used by the DSP to read the status
and serial input flags of the ESAI. See Table 8-17. The status bits are described in the
following paragraphs.

Table 8-17 SAISR Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB3 RODF | REDF | RDF | ROE | RFS IF2 IF1 IFO

23 22 21 20 19 18 17 16 15 14 13 12
TODE | TEDE| TDE | TUE | TFS

Reserved hit - read as zero; should be written with zero for future compatibility.

8.3.6.1 SAISR Serial Input Flag 0 (IFO) - Bit O

The IFO bit is enabled only when the SCKR pin is defined as ESAI in the Port Control
Register, SYN=1 and RCKD=0, indicating that SCKR is an input flag and the synchronous
mode is selected. Data present on the SCKR pin is latched during reception of the first
received data bit after frame sync is detected. The IFO bit is updated with this data when the
receiver shift registers are transferred into the receiver dataregisters. |FO reads as a zero when
it isnot enabled. Hardware, software, ESAI individual, and STOP reset clear | FO.

8.3.6.2 SAISR Serial Input Flag 1 (IF1) - Bit 1

The IF1 bit is enabled only when the FSR pinis defined as ESAI in the Port Control Register,
SYN =1, RFSD=0 and TEBE=0, indicating that FSR is an input flag and the synchronous
mode is selected. Data present on the FSR pinis latched during reception of the first received
data bit after frame sync is detected. The IF1 bit is updated with this data when the receiver
shift registers are transferred into the receiver dataregisters. IF1 reads as a zero when it is not
enabled. Hardware, software, ESAI individual, and STOP reset clear IF1.

8.3.6.3 SAISR Serial Input Flag 2 (IF2) - Bit 2

The IF2 bit is enabled only when the HCKR pin is defined as ESAI in the Port Control
Register, SYN=1 and RHCK D=0, indicating that HCKR is an input flag and the synchronous
mode is selected. Data present on the HCKR pin is latched during reception of the first
received data bit after frame sync is detected. The IF2 bit is updated with this data when the
receive shift registers are transferred into the receiver data registers. |F2 reads as a zero when
it is not enabled. Hardware, software, ESAI individual, and STOP reset clear IF2.
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8.3.6.4 SAISR Reserved Bits - Bits 3-5, 11-12, 18-23
These bits are reserved for future use. They read as zero.

8.3.6.5 SAISR Receive Frame Sync Flag (RFS) - Bit 6

When set, RFS indicates that a receive frame sync occurred during reception of the wordsin
the receiver dataregisters. Thisindicates that the datawords are from the first slot in the
frame. When RFSis clear and aword isreceived, it indicates (only in the network mode) that
the frame sync did not occur during reception of that word. RFS s cleared by hardware,
software, ESAI individual, or STOP reset. RFSisvalid only if at least one of the receiversis
enabled (REx=1).

Note: In normal mode, RFS always reads as a one when reading data because thereis
only one time slot per frame — the “frame sync” time slot.

8.3.6.6 SAISR Receiver Overrun Error Flag (ROE) - Bit 7

The ROE flag is set when the serial receive shift register of an enabled receiver is full and
ready to transfer to its receiver data register (RXx) and the register is already full (RDF=1). If
REIE is set, an ESAI receive data with exception (overrun error) interrupt request is issued
when ROE is set. Hardware, software, ESAI individual, and STOP reset clear ROE. ROE is
also cleared by reading the SAISR with ROE set, followed by reading all the enabled receive
data registers.

8.3.6.7 SAISR Receive Data Register Full (RDF) - Bit 8

RDF is set when the contents of the receive shift register of an enabled receiver is transferred
to the respective receive data register. RDF is cleared when the DSP reads the receive data
register of all enabled receivers or cleared by hardware, software, ESAI individual, or STOP
reset. If RIE is set, an ESAI receive data interrupt request is issued when RDF is set.

8.3.6.8 SAISR Receive Even-Data Register Full (REDF) - Bit 9

When set, REDF indicates that the received data in the receive data registers of the enabled
receivers have arrived during an even time slot when operating in the network mode. Even
time slots are all even-numbered slots (0, 2, 4, 6, etc.). Time slots are numbered from zero to
N-1, where N is the number of time slots in the frame. The zero time slot is considered even.
REDF is set when the contents of the receive shift registers are transferred to the receive data
registers. REDF is cleared when the DSP reads all the enabled receive data registers or cleared
by hardware, software, ESAI individual, or STOP resets. If REDIE is set, an ESAI receive

even slot data interrupt request is issued when REDF is set.

8.3.6.9 SAISR Receive Odd-Data Register Full (RODF) - Bit 10

When set, RODF indicates that the received data in the receive data registers of the enabled
receivers have arrived during an odd time slot when operating in the network mode. Odd time
slots are all odd-numbered slots (1, 3, 5, etc.). Time slots are numbered from zero to N-1,
where N is the number of time slots in the frame. RODF is set when the contents of the receive
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shift registers are transferred to the receive data registers. RODF is cleared when the DSP
reads all the enabled receive dataregisters or cleared by hardware, software, ESAI individual,
or STOP resets.

8.3.6.10 SAISR Transmit Frame Sync Flag (TFS) - Bit 13

When set, TFS indicates that atransmit frame sync occurred in the current time slot. TFSis
set at the start of the first time ot in the frame and cleared during all other time slots. Data
written to atransmit data register during the time slot when TFSis set is transmitted (in
network mode), if the transmitter is enabled, during the second time dlot in the frame. TFSis
useful in network mode to identify the start of aframe. TFSis cleared by hardware, software,
ESAI individual, or STOP reset. TFSisvalid only if at |east one transmitter is enabled (i.e.
oneor more of TEQ, TEL, TE2, TE3, TE4 and TES are set).

Note: In normal mode, TFS aways reads as a one when transmitting data because there
is only one time slot per frame — the “frame sync” time slot.

8.3.6.11 SAISR Transmit Underrun Error Flag (TUE) - Bit 14

TUE is set when at least one of the enabled serial transmit shift registers is empty (no new
data to be transmitted) and a transmit time slot occurs. When a transmit underrun error occurs,
the previous data (which is still present in the TX registers that were not written) is
retransmitted. If TEIE is set, an ESAI transmit data with exception (underrun error) interrupt
request is issued when TUE is set. Hardware, software, ESAI individual, and STOP reset clear
TUE. TUE is also cleared by reading the SAISR with TUE set, followed by writing to all the
enabled transmit data registers or to TSR.

8.3.6.12 SAISR Transmit Data Register Empty (TDE) - Bit 15

TDE is set when the contents of the transmit data register of all the enabled transmitters are
transferred to the transmit shift registers; it is also set for a TSR disabled time slot period in
network mode (as if data were being transmitted after the TSR was written). When set, TDE
indicates that data should be written to all the TX registers of the enabled transmitters or to the
time slot register (TSR). TDE is cleared when the DSP writes to all the transmit data registers
of the enabled transmitters, or when the DSP writes to the TSR to disable transmission of the
next time slot. If TIE is set, an ESAI transmit data interrupt request is issued when TDE is set.
Hardware, software, ESAI individual, and STOP reset clear TDE.

8.3.6.13 SAISR Transmit Even-Data Register Empty (TEDE) - Bit 16

When set, TEDE indicates that the enabled transmitter data registers became empty at the
beginning of an even time slot. Even time slots are all even-numbered slots (0, 2, 4, 6, etc.).
Time slots are numbered from zero to N-1, where N is the number of time slots in the frame.
The zero time slot is considered even. This flag is set when the contents of the transmit data
register of all the enabled transmitters are transferred to the transmit shift registers; it is also
set for a TSR disabled time slot period in network mode (as if data were being transmitted
after the TSR was written). When set, TEDE indicates that data should be written to all the TX
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registers of the enabled transmitters or to the time slot register (TSR). TEDE is cleared when
the DSP writesto al the transmit data registers of the enabled transmitters, or when the DSP
writes to the TSR to disable transmission of the next time slot. If TIE is set, an ESAI transmit
datainterrupt request isissued when TEDE is set. Hardware, software, ESAI individual, and
STOP reset clear TEDE.

8.3.6.14 SAISR Transmit Odd-Data Register Empty (TODE) - Bit 17

When set, TODE indicates that the enabled transmitter data registers became empty at the
beginning of an odd time slot. Odd time slots are al odd-numbered slots (1, 3, 5, etc.). Time
slots are numbered from zero to N-1, where N is the number of time dotsin the frame. This
flag is set when the contents of the transmit data register of all the enabled transmitters are
transferred to the transmit shift registers; it isalso set for a TSR disabled time slot period in
network mode (asif datawere being transmitted after the TSR was written). When set, TODE
indicates that data should be written to all the TX registers of the enabled transmitters or to the
time slot register (TSR). TODE is cleared when the DSP writesto all the transmit data
registers of the enabled transmitters, or when the DSP writes to the TSR to disable
transmission of the next time dlot. If TIE is set, an ESAI transmit data interrupt request is
issued when TODE is set. Hardware, software, ESAI individual, and STOP reset clear TODE.
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8.3.7 ESAI RECEIVE SHIFT REGISTERS

The receive shift registers (see Figure 8-7 and Figure 8-8) receive the incoming data from the
serial receive data pins. Datais shifted in by the selected (internal/external) bit clock when the
associated frame sync /O is asserted. Data is assumed to be received MSB first if RSHFD=0
and LSB first if RSHFD=1. Datais transferred to the ESAI receive data registers after 8, 12,
16, 20, 24, or 32 seria clock cycles were counted, depending on the slot length control bitsin
the RCR register.

8.3.8 ESAI RECEIVE DATA REGISTERS (RX3, RX2, RX1, RXO0)

RX3, RX2, RX1 and RXO0 are 24-bit read-only registersthat accept data from the receive shift
registers when they become full (see Figure 8-7 and Figure 8-8). The data occupies the most
significant portion of the receive data registers, according to the ALC control bit setting. The
unused bits (least significant portion, and 8 most significant bits when ALC=1) read as zeros.
The DSP isinterrupted whenever RXx becomes full if the associated interrupt is enabled.

8.3.9 ESAI TRANSMIT SHIFT REGISTERS

The transmit shift registers contain the data being transmitted (see Figure 8-7 and Figure 8-8).
Datais shifted out to the serial transmit data pins by the selected (internal/external) bit clock
when the associated frame sync 1/0 is asserted. The number of bits shifted out before the shift
registers are considered empty and may be written to again can be 8, 12, 16, 20, 24 or 32 hits
(determined by the slot length control bitsin the TCR register). Datais shifted out of these
registers MSB first if TSHFD=0 and L SB first if TSHFD=1.

8.3.10 ESAI TRANSMIT DATA REGISTERS (TX5, TX4, TX3,
TX2,TX1,TXO0)

TX5, TX4, TX3, TX2, TX1 and TXO0 are 24-bit write-only registers. Datato be transmitted is
written into these registers and is automatically transferred to the transmit shift registers (see

Figure 8-7 and Figure 8-8). The datawritten (8, 12, 16, 20 or 24 bits) should occupy the most
significant portion of the TXx according to the ALC control bit setting. The unused bits (least

significant portion, and the 8 most significant bits when ALC=1) of the TXx are don'’t care
bits. The DSP is interrupted whenever the TXx becomes empty if the transmit data register

empty interrupt has been enabled.
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8.3.11 ESAITIME SLOT REGISTER (TSR)

The write-only Time Slot Register (TSR) is effectively anull dataregister that is used when
the datais not to be transmitted in the avail able transmit time slot. The transmit data pins of all
the enabled transmitters are in the high-impedance state for the respective time slot where
TSR has been written. The Transmitter External Buffer Enable pin (FSR pin when SY N=1,
TEBE=1, RFSD=1) disables the external buffers during the slot when the TSR register has
been written.

8.3.12 TRANSMIT SLOT MASK REGISTERS (TSMA, TSMB)

The Transmit Slot Mask Registers (TSMA and TSMB) are two read/write registers used by
the transmitters in network mode to determine for each slot whether to transmit a data word
and generate a transmitter empty condition (TDE=1), or to tri-state the transmitter data pins.
TSMA and TSMB should each be considered as containing half a 32-bit register TSM. See
Table 8-18 and Table 8-19. Bit number N in TSM (TS**) is the enable/disable control bit for
transmission in slot number N.

Table 8-18 TSMA Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB9 | TS11 | TSI0 | TS9 | TS8 | TS7 | TS6 | TS5 | TS4 | TS3 | TS2 | TSL | TSO

23 22 21 20 19 18 17 16 15 14 13 12
TS15 | TS14 | TS13 | TS12

Reserved bit - read as zero; should be written with zero for future compatibility.

Table 8-19 TSMB Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBA | TS27 | TS26 | TS25 | TS24 | TS23 | TS22 | TS21 | TS20 | TS19 | TS18 | TS17 | TS16

23 22 21 20 19 18 17 16 15 14 13 12
TS31 | TS30 | TS29 | TS28

Reserved bit - read as zero; should be written with zero for future compatibility.
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When bit number N in TSM is cleared, al the transmit data pins of the enabled transmitters
aretri-stated during transmit time slot number N. The dataisstill transferred from the transmit
dataregistersto the transmit shift registers but neither the TDE nor the TUE flags are set. This
means that during a disabled slot, no transmitter empty interrupt is generated. The DSPis
interrupted only for enabled slots. Data that is written to the transmit data registers when
servicing this request is transmitted in the next enabled transmit time slot.

When bit number N in TSM register is set, the transmit sequenceis as usua: datais
transferred from the TX registers to the shift registers, transmitted during slot number N, and
the TDE flag is set.

Using the slot mask in TSM does not conflict with using TSR. Evenif adlot isenabledin
TSM, the user may choseto writeto TSR instead of writing to the transmit dataregisters TXX.
This causes al the transmit data pins of the enabled transmitters to be tri-stated during the
next slot.

Data written to the TSM affects the next frame transmission. The frame being transmitted is
not affected by this data and would comply to the last TSM setting. Data read from TSM
returns the last written data.

After hardware or software reset, the TSM register is preset to $FFFFFFFF, which means that
all 32 possible sots are enabled for data transmission.

Note: When operating in normal mode, bit O of the mask register must be set, otherwise
no output is generated.

8.3.13 RECEIVE SLOT MASK REGISTERS (RSMA, RSMB)

The Receive Slot Mask Registers (RSMA and RSMB) are two read/write registers used by the
receiver in network mode to determine for each slot whether to receive a data word and
generate areceiver full condition (RDF=1), or to ignore the received data. RSMA and RSMB
should be considered as each containing half of a 32-bit register RSM. See Table 8-20 and
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Table 8-21. Bit number N in RSM (RS**) is an enable/disable control bit for receiving datain
slot number N.

Table 8-20 RSMA Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBB | RS11 | RS10 | RS9 | RS8 | RS7 | RS6 | RS5 | R4 | RS3 | RS2 | RS1 | RSO

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

RS15 | RS14 | RS13 | RS12

Reserved bit - read as zero; should be written with zero for future compatibility.

Table 8-21 RSMB Register

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBC | RS27 | RS26 | RS25 | RS24 | RS23 | RS22 | RS21 | RS20 | RS19 | RS18 | RS17 | RS16

23 22 21 20 19 18 17 16 15 14 13 12
RS31 | RS30 | RS29 | RS28

Reserved hit - read as zero; should be written with zero for future compatibility.

When bit number N in the RSM register is cleared, the data from the enabled receivers input
pins are shifted into their receive shift registers during slot number N. The datais not
transferred from the receive shift registers to the receive data registers, and neither the RDF
nor the ROE flags are set. This means that during a disabled slot, no receiver full interrupt is
generated. The DSP isinterrupted only for enabled slots.

When bit number N in the RSM is set, the receive sequence is as usua: data which is shifted
into the enabled receivers shift registersis transferred to the receive data registers and the
RDF flag is set.

Data written to the RSM affects the next received frame. The frame being received is not

affected by this data and would comply to the last RSM setting. Data read from RSM returns
the last written data
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After hardware or software reset, the RSM register is preset to $FFFFFFFF, which means that
all 32 possible dots are enabled for data reception.

Note: When operating in normal mode, bit O of the mask register must be set to one,
otherwise no input is received.

8.4 OPERATING MODES

ESAI operating mode are selected by the ESAI control registers (TCCR, TCR, RCCR, RCR
and SAICR). The main operating mode are described in the following paragraphs.

8.4.1 ESAI AFTER RESET

Hardware or software reset clears the port control register bits and the port direction control
register bits, which configure all ESAI 1/0 pins as disconnected. The ESAI isinthe individual
reset state while all ESAI pins are programmed as GPIO or disconnected, and is active only if
at least one of the ESAI 1/O pinsis programmed as an ESAI pin.

8.4.2 ESAI INITIALIZATION

The correct way to initidlize the ESAI isasfollows:

1. Hardware, software, ESAI individual, or STOP reset.
2. Program ESAI control and time slot registers.
3. Writedatato all the enabled transmitters.

4. Configure at least one pin as ESAI pin.

During program execution, all ESAI pins may be defined as GPIO or disconnected, causing
the ESAI to stop serial activity and enter the individual reset state. All status bits of the
interface are set to their reset state; however, the control bits are not affected. This procedure
allows the DSP programmer to reset the ESAI separately from the other internal peripherals.
During individual reset, internal DMA accesses to the data registers of the ESAI are not valid
and data read is undefined.

The DSP programmer must use an individual ESAI reset when changing the ESAI control
registers (except for TEIE, REIE, TLIE, RLIE, TIE, RIE, TEO-TE5, REO-RE3) to ensure
proper operation of the interface.
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Note:

8.4.3

Operating Modes

If the ESAI receiver section is already operating with some of the receivers,
enabling additional receiverson thefly (i.e. without first putting the ESAI receiver
in the personal reset state) by setting their REx control bits will result in erroneous
data being received as the first data word for the newly enabled receivers.

ESAI INTERRUPT REQUESTS

The ESAI can generate eight different interrupt requests (ordered from the highest to the
lowest priority):

1

ESAI| Receive Data with Exception Status.

Occurs when the receive exception interrupt is enabled (REIE=1 in the RCR register),
at least one of the enabled receive dataregistersisfull (RDF=1), and areceiver
overrun error has occurred (ROE=1 in the SAISR register). ROE is cleared by first
reading the SAISR and then reading all the enabled receive dataregisters.

ESAI Receive Even Data

Occurs when the receive even sot data interrupt is enabled (REDIE=1), at |east one of
the enabled receive data registersis full (RDF=1), the datais from an even slot
(REDF=1), and no exception has occurred (ROE=0 or REIE=0).

Reading all enabled receiver dataregisters clears RDF and REDF.

ESAI| Receive Data

Occurs when the receive interrupt is enabled (RIE=1), at least one of the enabled
receive dataregistersisfull (RDF=1), no exception has occurred (ROE=0 or REIE=0),
and no even dlot interrupt has occurred (REDF=0 or REDIE=0).

Reading all enabled receiver dataregisters clears RDF.

ESAI Receive Last Sot Interrupt

Occurs, if enabled (RLIE=1), after the last dot of the frame ended (in network mode
only) regardless of the receive mask register setting. The receivelast ot interrupt may
be used for resetting the receive mask slot register, reconfiguring the DMA channels
and reassigning data memory pointers. Using the receive last slot interrupt guarantees
that the previous frame was serviced with the previous setting and the new frameis
serviced with the new setting without synchronization problems. Note that the
maximum receive last dot interrupt service time should not exceed N-1 ESAI bits
service time (where N isthe number of bitsin adlot).

ESAI Transmit Data with Exception Status

Occurs when the transmit exception interrupt is enabled (TEIE=1), at least one
transmit data register of the enabled transmittersis empty (TDE=1), and atransmitter
underrun error has occurred (TUE=1). TUE is cleared by first reading the SAISR and
then writing to all the enabled transmit data registers, or to the TSR register.
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6. ESAI Transmit Last Slot Interrupt
Occurs, if enabled (TLIE=1), at the start of the last dlot of the frame in network mode
regardless of the transmit mask register setting. The transmit last slot interrupt may be
used for resetting the transmit mask slot register, reconfiguring the DMA channels and
reassigning data memory pointers. Using the transmit last slot interrupt guarantees that
the previous frame was serviced with the previous setting and the new frameis
serviced with the new setting without synchronization problems. Note that the
maximum transmit last dot interrupt service time should not exceed N-1 ESAI bits
service time (where N is the number of bitsin adot).

7. ESAI Transmit Even Data
Occurs when the transmit even slot datainterrupt is enabled (TEDIE=1), at least one
of the enabled transmit dataregistersis empty (TDE=1), the dot isan even slot
(TEDE=1), and no exception has occurred (TUE=0 or TEIE=0).
Writing to all the TX registers of the enabled transmitters or to TSR clearsthis
interrupt request.

8. ESAI Transmit Data
Occurs when the transmit interrupt is enabled (TIE=1), at |east one of the enabled
transmit data registers is empty (TDE=1), no exception has occurred (TUE=0 or
TEIE=0), and no even slot interrupt has occurred (TEDE=0 or TEDIE=0).
Writing to all the TX registers of the enabled transmitters, or to the TSR clearsthis
interrupt request.

8.4.4 OPERATING MODES — NORMAL, NETWORK, AND
ON-DEMAND

The ESAI has three basic operating modes and many data/operation formats.

8.4.4.1 Normal/Network/On-Demand Mode Selection

Sel ecting between the normal mode and network mode is accomplished by clearing or setting
the TMODO-TMOD1 bitsin the TCR register for the transmitter section, and in the
RMODO0-RMOD1 bitsin the RCR register for the receiver section.

For normal mode, the ESAI functions with one data word of /O per frame (per enabled
transmitter or receiver). The norma mode istypically used to transfer data to/from asingle
device.

For the network mode, 2 to 32 time slots per frame may be selected. During each frame, 0 to
32 data words of 1/0 may be received/transmitted. In either case, the transfers are periodic.
The frame sync signal indicates the first time slot in the frame. Network mode is typically
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used in time division multiplexed (TDM) networks of codecs, DSPs with multiple words per
frame, or multi-channel devices.

Selecting the network mode and setting the frame rate divider to zero (DC=00000) selectsthe
on-demand mode. This special case does not generate a periodic frame sync. A frame sync
pulseis generated only when datais available to transmit. The on-demand mode requires that
the transmit frame sync be internal (output) and the receive frame sync be external (input).
Therefore, for simplex operation, the synchronous mode could be used; however, for
full-duplex operation, the asynchronous mode must be used. Data transmission that is data
driven is enabled by writing data into each TX. Although the ESAI is double buffered, only
one word can be written to each TX, even if the transmit shift register is empty. The receive
and transmit interrupts function as usua using TDE and RDF; however, transmit underruns
are impossible for on-demand transmission and are disabled.

8.4.4.2 Synchronous/Asynchronous Operating Modes

The transmit and receive sections of the ESAI may be synchronous or asynchronous —i.e., the
transmitter and receiver sections may use common clock and synchronization signals
(synchronous operating modey),they may have their own separate clock and sync signals
(asynchronous operating mode). The SYN bit in the SAICR register selects synchronous or
asynchronous operation. Since the ESAI is designed to operate either synchronously or
asynchronously, separate receive and transmit interrupts are provided.

When SYN is cleared, the ESAI transmitter and receiver clocks and frame sync sources are
independent. If SYN is set, the ESAI transmitter and receiver clocks and frame sync come
from the transmitter section (either external or internal sources).

Data clock and frame sync signals can be generated internally by the DSP or may be obtained
from external sources. If internally generated, the ESAI clock generator is used to derive high
frequency clock, bit clock and frame sync signals from the DSP internal system clock.

8.4.4.3 Frame Sync Selection

The frame sync can be either a bit-long or word-long signal. The transmitter frame format is
defined by the TFSL bit in the TCR register. The receiver frame format is defined by the
RFSL bit in the RCR register.

1. Inthe word-long frame sync format, the frame sync signal is asserted during the entire
word data transfer period. This frame sync length is compatible with Motorola codecs,
SPI serial peripherals, serial A/D and D/A converters, shift registers, and
telecommunication PCM serial /0.

2. In the bit-long frame sync format, the frame sync signal is asserted for one bit clock
immediately before the data transfer period. This frame sync length is compatible with
Intel and National components, codecs, and telecommunication PCM serial 1/O.
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The relative timing of the word length frame sync as referred to the data word is specified by
the TFSR bit in the TCR register for the transmitter section, and by the RFSR bit in the RCR
register for the receive section. The word length frame sync may be generated (or expected)
with the first bit of the data word, or with the last bit of the previous word. TFSR and RFSR
are ignored when abit length frame sync is selected.

Polarity of the frame sync signal may be defined as positive (asserted high) or negative
(asserted low). The TFSP bit in the TCCR register specifies the polarity of the frame sync for
the transmitter section. The RFSP bit in the RCCR register specifiesthe polarity of the frame
sync for the receiver section.

The ESAI receiver looks for areceive frame sync leading edge (trailing edge if RFSP is set)

only when the previous frame is completed. If the frame sync goes high before the frameis
completed (or before the last bit of the frame is received in the case of abit frame sync or a

word length frame sync with RFSR 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 —
i.e., a new frame sync does not have to immediately follow the previous frame. Gaps of
arbitrary periods can occur between frames. Enabled transmitters are tri-stated during these

gaps.

When operating in the synchronous mode (SYN=1), all clocks including the frame sync are
generated by the transmitter section.

8.44.4 Shift Direction Selection

Some data formats, such as those used by codecs, specify MSB first while other data formats,
such as the AES-EBU digital audio interface, specify LSB first. The MSB/LSB first selection

Is made by programming RSHFD bit in the RCR register for the receiver section, and by
programming the TSHFD bit in the TCR register for the transmitter section.

8.4.5 SERIAL 1/0O FLAGS

Three ESAI pins (FSR, SCKR and HCKR) are available as serial I/O flags when the ESAI is
operating in the synchronous mode (SYN=1). Their operation is controlled by RCKD, RFSD,
TEBE bits in the RCR, RCCR and SAICR registers.The output data bits (OF2, OF1 and OFO0)
and the input data bits (IF2, IF1 and IFO) are double buffered to/from the HCKR, FSR and
SCKR pins. Double buffering the flags keeps them in sync with the TX and RX data lines.

Each flag can be separately programmed. Flag 0 (SCKR pin) direction is selected by RCKD,
RCKD-=1 for output and RCKD=0 for input. Flag 1 (FSR pin) is enabled when the pin is not
configured as external transmitter buffer enable (TEBE=0) and its direction is selected by
RFSD, RFSD=1 for output and RFSD=0 for input. Flag 2 (HCKR pin) direction is selected by
RHCKD, RHCKD=1 for output and RHCKD=0 for input.
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When programmed asinput flags, the SCKR, FSR and HCKR logic values, respectively, are
latched at the same time as the first bit of the receive data word is sampled. Because the input
was latched, the signal on the input flag pin (SCKR, FSR or HCKR) can change without
affecting the input flag until the first bit of the next receive dataword. When the received data
words are transferred to the receive data registers, the input flag latched values are then
transferred to the IFO, IF1 and | F2 bitsin the SAISR register, where they may be read by
software.

When programmed as output flags, the SCKR, FSR and HCKR logic values are driven by the
contents of the OF0, OF1 and OF2 bitsin the SAICR register respectively, and are driven
when the transmit data registers are transferred to the transmit shift registers. The value on
SCKR, FSR and HCKR is stable from the time the first bit of the transmit dataword is
transmitted until the first bit of the next transmit data word is transmitted. Software may
change the OF0-OF2 values thus controlling the SCKR, FSR and HCKR pin values for each
transmitted word. The normal sequence for setting output flags when transmitting datais as
follows: wait for TDE (transmitter empty) to be set, first write the flags, and then write the
transmit data to the transmit registers. OF0, OF1 and OF2 are double buffered so that the flag
states appear on the pins when the transmit data is transferred to the transmit shift register
(i.e., the flags are synchronous with the data).

8.5 GPIO - PINS AND REGISTERS

The GPIO functionality of the ESAI port is controlled by three registers. Port C control
register (PCRC), Port C direction register (PRRC) and Port C data register (PDRC).

8.5.1 PORT C CONTROL REGISTER (PCRC)

The read/write 24-bit Port C Control Register (PCRC) in conjunction with the Port C
Direction Register (PRRC) controls the functionality of the ESAI GPIO pins. Each of the
PC(11:0) bits controls the functionality of the corresponding port pin. See Table 8-22 for the
port pin configurations. Hardware and software reset clear all PCRC hits.
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8.5.2 PORT C DIRECTION REGISTER (PRRC)

The read/write 24-bit Port C Direction Register (PRRC) in conjunction with the Port C
Control Register (PCRC) controls the functionality of the ESAI GPIO pins. Table 8-22
describes the port pin configurations. Hardware and software reset clear all PRRC bits.

Table 8-22 PCRC and PRRC Bits Functionality

PDCIi] PCJi] Port Pin[i] Function
0 0 disconnected
0 1 GPIO input
1 0 GPIO output
1 1 ESAI

Table 8-23 PCRC Register

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

X:$FFFFBF | PC11 | PC10 | PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

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

Reserved bit - read as zero; should be written with zero for future compatibility.

Table 8-24 PRRC Register

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

X:$FFFFBE | PDC11 | PDC10 | PDC9 | PDC8 | PDC7 | PDC6 | PDC5 | PDC4 | PDC3 | PDC2 | PDC1 | PDCO

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

Reserved hit - read as zero; should be written with zero for future compatibility.
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8.5.3 PORT C DATA REGISTER (PDRC)

The read/write 24-bit Port C Data Register (see Table 8-25) is used to read or write data
to/from ESAI GPIO pins. Bits PD(11:0) are used to read or write datafrom/to the
corresponding port pinsif they are configured as GPIO. If aport pin [i] is configured as a
GPIO input, then the corresponding PD[i] bit reflects the value present on this pin. If a port
pin [i] is configured as a GPIO output, then the value written into the corresponding PD[i] bit

isreflected on thispin. If aport pin[i] is configured as disconnected, the corresponding PD[ ]
bit is not reset and contains undefined data.

11

10

Table 8-25 PDRC Register

9 8 7 6 5 4 3 2 1 0

X:$FFFFBD | PD11

PD10

PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

23

22

21 20 19 18 17 16 15 14 13 12

Reserved hit - read as zero; should be written with zero for future compatibility.
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8.6

8.6.1

ESAI INITIALIZATION EXAMPLES

Initializing the ESAI Using Individual Reset

The ESAI should be in its individual reset state (PCRC = $000 and PRRC = $000). In
the individual reset state, both the transmitter and receiver sections of the ESAI are
simultaneously reset. The TPR bit in the TCR register may be used to reset just the
transmitter section. The RPR bit in the RCR register may be used to reset just the
receiver section.

Configure the control registers (TCCR, TCR, RCCR, RCR) according to the operating
mode, but do not enable transmitters (TE5—TEO = $0) or receivers (RE3—REO = $0). It
is possible to set the interrupt enable bits which are in use during the operation (no
interrupt occurs).

Enable the ESAI by setting the PCRC register and PRRC register bits according to
pins which are in use during operation.

Write the first data to be transmitted to the transmitters which are in use during
operation.
This step is needed even if DMA is used to service the transmitters.

Enable the transmitters and receivers.

From now on ESAI can be serviced either by polling, interrupts, or DMA.

Operation proceeds as follows:

8.6.2

For internally generated clock and frame sync, these signals are active immediately
after ESAI is enabled (step 3 above).

Data is received only when one of the receive enable (REX) bits is set and after the
occurrence of frame sync signal (either internally or externally generated).

Data is transmitted only when the transmitter enable (TEX) bit is set and after the
occurrence of frame sync signal (either internally or externally generated). The
transmitter outputs remain tri-stated after TEXx bit is set until the frame sync occurs.

Initializing Just the ESAI Transmitter Section

It is assumed that the ESAI is operational; that is, at least one pin is defined as an ESAI
pin.

The transmitter section should be in its personal reset state (TPR = 1).
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» Configure the control registers TCCR and TCR according to the operating mode,
making sure to clear the transmitter enable bits (TEO - TE5). TPR must remain set.

« Take the transmitter section out of the personal reset state by clearing TPR.

» Write first data to the transmitters which will be used during operation. This step is
needed even if DMA is used to service the transmitters.

» Enable the transmitters by setting their TE bits.

« Data is transmitted only when the transmitter enable (TEX) bit is set and after the
occurrence of frame sync signal (either internally or externally generated). The
transmitter outputs remain tri-stated after TEx bit is set until the frame sync occurs.

 From now on the transmitters are operating and can be serviced either by polling,
interrupts, or DMA.

8.6.3 Initializing Just the ESAI Receiver Section

e Itis assumed that the ESAI is operational; that is, at least one pin is defined as an ESAI
pin.

* The receiver section should be in its personal reset state (RPR = 1).

» Configure the control registers RCCR and RCR according to the operating mode,
making sure to clear the receiver enable bits (REO - RE3). RPR must remain set.

» Take the receiver section out of the personal reset state by clearing RPR.
« Enable the receivers by setting their RE bits.

* From now on the receivers are operating and can be serviced either by polling,
interrupts, or DMA.
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SECTION 9
TIMER/ EVENT COUNTER

9.1 INTRODUCTION

This section describes the internal timer/event counter in the DSP56362. Each of the three
timers (timer 0, 1 and 2) can use internal clocking to interrupt the DSP56362 or trigger DMA
transfers after a specified number of events (clocks). In addition, timer O provides external
access viathe bidirectional signal T100.

When the TIOO0 pin is configured as an input, timer O can count or capture events, or measure
the width or period of an external signal. When T100 is configured as an output, timer O can
function as atimer, awatchdog timer, or a pulse width modulator. TIOO0 can aso function asa
GPIO signal.

9.2 TIMER/EVENT COUNTER ARCHITECTURE

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

9.2.1 TIMER/EVENT COUNTER BLOCK DIAGRAM

Figure 9-1 shows a block diagram of the timer/event counter. This module includes a 24-bit
timer prescaler load register (TPLR), a 24-bit timer prescaler count register (TPCR), a 21-bit
prescaler clock counter, and three timers. Each of the three timers may use the prescaler clock
asitsclock source.
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GDB 24
// A
24 24
TPLR TPCR
| 24 |,
Timer Prescaler Timer Prescaler 1
Load Register Count Register
< Timer 0 >
o 21-bit Prescaler > Timer 1 >
- Counter
A A
— > Timer 2 < >
Y \
CLK/2 TIOO AA06B73

Figure 9-1 Timer/Event Counter Block Diagram

9.2.2 INDIVIDUAL TIMER BLOCK DIAGRAM

Figure 9-2 shows the structure of anindividual timer module. Thethreetimersareidentical in
structure, but only timer O is externally accessible.

Each timer includes a 24-bit counter, a 24-bit read/write timer control and status register
(TCSR), a 24-hit read-only timer count register (TCR), a 24-bit write-only timer load register
(TLR), a 24-bit read/write timer compare register (TCPR), and logic for clock selection and
interrupt/DMA trigger generation.

The timer mode is controlled by the TC[3:0] bits of the timer control/status register (TCSR).
Timer modes are described in Section 9.4.
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(Timer O
only) AA0676

Figure 9-2 Timer Block Diagram

9.3 TIMER/EVENT COUNTER PROGRAMMING MODEL

The DSP56362 views each timer as a memory-mapped peripheral with four registers
occupying four 24-bit wordsin the X data memory space. Either standard polled or interrupt
programming techniques can be used to service the timers. The timer programming model is
shown in Figure 9-3.
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23 0
Timer Prescaler Load
Register (TPLR)
TPLR = $FFFF83

23 0

Timer Prescaler Count
Register (TPCR)
TPLR = $FFFF82

7 6 5 4 3 2 1 0

TC3 | TC2 | TC1 | TCO -TCI E|TOIE| TE Timer Control/Status
Register (TCSR)
15 14 13 12 11 10 9 8 TCSRO = $FFFF8SF

E- po | DI |DIR -TRM NV | TSR I SEEes

23 22 21 20 19 18 17 16

TCF | TOF

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, read as 0, should be written with O for future compatibility

Figure 9-3 Timer Module Programmer’s Model

9-4 DSP56362 MOTOROLA



Timer/ Event Counter

Timer/Event Counter Programming Model

9.3.1 PRESCALER COUNTER

The prescaler counter is a 21-hit counter that is decremented on the rising edge of the
prescaler input clock. The counter is enabled when at |east one of the three timersis enabled
(i.e., one or more of thetimer enable (TE) bits are set) and is using the prescaler output asits
source (i.e., one or more of the PCE bits are set).

9.3.2 TIMER PRESCALER LOAD REGISTER (TPLR)

The TPLR is a 24-bit read/write register that controls the prescaler divide factor (i.e., the
number that the prescaler counter will load and begin counting from) and the source for the
prescaler input clock. See Figure 9-4.

23 22 21 20 19 18 17 16 15 14 13 12
[ [ PSI [ PSO [PL20 ] PLIO [ PLIS | PLI7 [ PLI6 | PLI5 [ PLI4 [ PLI3 | PLIZ

11 10 9 8 7 6 5 4 3 2 1 0
[PLIT [ PLI0 [ PLY [ PL8 [ PL7Y | PL6 | PL5 [ PL& [ PL3 | PLZ [ PLL [ PLO |

[ }—reserved, read as 0, should be written with O for future compatibility
Figure 9-4 Timer Prescaler Load Register (TPLR)

9.3.2.1 TPLR Prescaler Preload Value PL[20:0] Bits 20-0

These 21 bits contain the prescaler preload value. This value isloaded into the prescaler
counter when the counter value reaches zero or the counter switches state from disabled to
enabled.

If PL[20:0] = N, then the prescaler counts N + 1 source clock cycles before generating a
prescaler clock pulse. Therefore, the prescaler divide factor = (preload value) + 1.

The PL[20:0] bits are cleared by the hardware RESET signal or the software RESET
instruction.

9.3.2.2 TPLR Prescaler Source PS[1:0] Bits 22-21

The two prescaler source (PS) bits control the source of the prescaler clock. Table 9-1

summarizes PS bit functionality. The prescaler’s use of the TIOO signal is not affected by the
TCSR settings of timer 0.

If the prescaler source clock is external, the prescaler counter is incremented by signal
transitions on the TIOO0 signal. The external clock is internally synchronized to the internal
clock. The external clock frequency must be lower than the DSP56362 internal operating
frequency divided by 4 (CLK/4).
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The PS[1:0] bits are cleared by the hardware RESET signal or the software RESET
instruction.

Note: To ensure proper operation, change the PS[1:0] bits only when the prescaler
counter is disabled. Disable the prescaler counter by clearing the TE bit in the
TCSR of each of three timers.

Table 9-1 Prescaler Source Selection

PS1 PSO PRESCALER CLOCK SOURCE
0 0 Internal CLK/2
0 1 TIOO
1 0 Reserved
1 1 Reserved
9.3.2.3 TPLR Reserved Bit 23

Thisreserved hit is read as zero and should be written with zero for future compatibility.

9.3.3 TIMER PRESCALER COUNT REGISTER (TPCR)

The TPCR isa24-bit read-only register that reflects the current value in the prescaler counter.
See Figure 9-5.

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

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

[ F—reserved, read as 0, should be written with 0 for future compatibility
Figure 9-5 Timer Prescaler Count Register (TPCR)

9.3.3.1 TPCR Prescaler Counter Value PC[20:0] Bits 20-0
These 21 bits contain the current value of the prescaler counter.

9.3.3.2 TPCR Reserved Bits 23-21
These reserved hits are read as zero and should be written with zero for future compatibility.
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9.3.4 TIMER CONTROL/STATUS REGISTER (TCSR)

The TCSR is a 24-hit read/write register controlling the timer and reflecting its status.

9.34.1 TCSR Timer Enable (TE) Bit 0

The timer enable (TE) bit is used to enable or disable the timer. Setting TE enables the timer
and clearsthe timer counter. The counter starts counting according to the mode selected by the
timer control (TC[3:0]) bit values.

Clearing the TE bit disablesthe timer. The TE bit is cleared by the hardware RESET signal or
the software RESET instruction.

Note: When timer 0 isdisabled and TIOO is not in GPIO mode, the pin istri-stated. To
prevent undesired spikes on TIOO when Timer 0 is switched from tri-state to an
active state, T1O0 should be tied to the power supply with a pullup or pulldown
resistor.

9.34.2 TCSR Timer Overflow Interrupt Enable (TOIE) Bit 1

The TOIE bit is used to enable the timer overflow interrupts. Setting TOIE enables overflow
interrupt generation. The timer counter can hold a maximum value of $FFFFFF. When the
counter value is at the maximum value and a new event causes the counter to be incremented
to $000000, the timer generates an overflow interrupt.

Clearing the TOIE bit disables overflow interrupt generation. The TOIE bit is cleared by the
hardware RESET signal or the software RESET instruction.

9.3.4.3 TCSR Timer Compare Interrupt Enable (TCIE) Bit 2

The Timer Compare Interrupt Enable (TCIE) bit is used to enable or disable the timer

compare interrupts. Setting TCIE enables the compare interrupts. In the timer, PWM, or

watchdog modes, acompare interrupt is generated after the counter value matches the value of

the TCPR. The counter will start counting up from the number loaded fromthe TLR and if the
TCPR value is N, an interrupt occurs after (N — M + 1) events, where M is the value of TLR.

Clearing the TCIE bit disables the compare interrupts. The TCIE bit is cleared by the
hardware RESETignal or the software RESET instruction.

9.34.4 TCSR Timer Control (TC[3:0]) Bits 4—7

Thefour TC bits control the source of the timer clock, the behavior of the TIO0 signal, and the
timer mode of operation. Table 9-2 summarizes the TC bit functionality. A detailed
description of the timer operating modesis given in Section 9.4.

The TC bits are cleared by the hardware RESET signal or the software RESET instruction.
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Notes: 1. If theclock isexternal, the counter isincremented by the transitions on the
TIO0 signal. The external clock isinternally synchronized to the internal
clock, and its frequency should be lower than the internal operating frequency
divided by 4 (CLK/4).

2. Toensure proper operation, the TC[3:0] bits should be changed only when the
timer isdisabled (when the TE bit in the TCSR has been cleared).

Table 9-2 Timer Control Bits for Timer O

Bit Settings Mode Char acteristics
TC3 | TC2 | TCL | TCO Mode Mode Function TI00 Clock
Number

0 0 0 0 0 Timer and GPIO GPIO" Internal

0 0 0 1 1 Timer pulse Output Internal

0 0 1 0 2 Timer toggle Output Internal

0 0 1 1 3 Event counter Input External

0 1 0 0 4 Input width measurement Input Internal

0 1 0 1 5 Input period measurement Input Internal

0 1 1 0 6 Capture event Input Internal

0 1 1 1 7 Pulse width modulation Output Internal

1 0 0 0 8 Reserved — —

1 0 0 1 9 Watchdog pulse Output Internal
1 0 1 0 10 Watchdog toggle Output Internal
1 0 1 1 11 Reserved — —

1 1 0 0 12 Reserved — —

1 1 0 1 13 Reserved — —

1 1 1 0 14 Reserved — —

1 1 1 1 15 Reserved — —

Notee The GPIO function is enabled only if al of the TC[3:0] bits are zero.
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Table 9-3 Timer Control Bits for Timers 1 and 2

TC3 TC2 TC1 TCO Clock Mode
0 0 0 0 Internal Timer
0 0 0 1 — Reserved
0 0 1 X — Reserved
0 1 X X — Reserved
1 X X X — Reserved

TCSR Inverter (INV) Bit 8
The INV bit affects the polarity of the incoming signal on the TIOO0 input signal and the

polarity of the output pul se generated on the TIOO0 output signal. The effectsof the INV bit are
summarized in Table 9-4.

Thisbitisnot in usefor timers 1 and 2. It should be left cleared.

Table 9-4

Inverter (INV) Bit Operation

Mode

T100 Programmed as | nput

T100 Programmed as Output

INV=0

INV =1

INV =0

INV =1

GPIO signal on the TIOO0
signal read directly

GPIO signal on the TIOO0
signal inverted

Bit written to GPIO put on
TIOO signal directly

Bit written to GPIO
inverted and put on
TIOO signal

Counter is incremented on
therising edge of the signal
from the TIOO signal

Counter is incremented on
thefalling edge of the
signal from the TIOO signal

Counter is incremented on
therising edge of the signal
from the TIOO0 signal

Counter is incremented on
thefalling edge of the
signal from the TIOO signal

TCRXx output put on TIOO0
signal directly

TCRXx output inverted and
put on TIOO signal

Counter is incremented on
therising edge of the signal
from the TIOO0 signal

Counter is incremented on
thefalling edge of the
signal from the TIOO signal

Width of thehigh input
pulse is measured.

Width of thelow input
pulse is measured.

Period is measured betwee
therising edges of the
input signal.

n Period is measured betwee
thefalling edges of the
input signal.
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Table 9-4

Inverter (INV) Bit Operation

Mode

T100 Programmed as | nput

T100 Programmed as Output

INV=0

INV =1

INV =0

INV =1

Event is captured on the
rising edge of the signal
from the TIOO signal

Event is captured on the
falling edge of the signal
from the TIOO signal

Pulse generated by the
timer hagpositive polarity

Pulse generated by the time
hasnegative polarity

Pulse generated by the
timer hagpositive polarity

Pulse generated by the time
hasnegative polarity

10

Pulse generated by the

Pulse generated by the time

timer hagpositive polarity hasnegative polarity

The INV hit is cleared by the hardware RESET signal or the software RESET instruction.
Note: The INV bit affects both the timer and GPIO modes of operation. To ensure
correct operation, this bit should be changed only when one or both of the
following conditionsis true:

* The timer has been disabled by clearing the TE bit in the TCSR.
* The timer is in GPIO mode.

The INV bit does not affect the polarity of the prescaler source when TIOO is used as input to
the prescaler.

9.3.4.6 TCSR Timer Reload Mode (TRM) Bit 9
The TRM bit controls the counter preload operation.

In timer (0—3) and watchdog (9-10) modes, the counter is preloaded with the TLR value after
the TE bit is set and the first internal or external clock signal is received. If the TRM bit is set,
the counter is reloaded each time after it reaches the value contained by the TCR. In PWM
mode (7), the counter is reloaded each time counter overflow occurs. In measurement (4-5)
modes, if the TRM and the TE bits are set, the counter is preloaded with the TLR value on
each appropriate edge of the input signal.

If the TRM bit is cleared, the counter operates as a free-running counter and is incremented on
each incoming event. The TRM bit is cleared by the hardware REgBal or the software
RESET instruction.

9.3.4.7 TCSR Direction (DIR) Bit 11
The DIR bit determines the behavior of the TIOO signal when it is used as a GPIO pin. When
the DIR bit is set, the TIOO signal is an output; when the DIR bit is cleared, the TIOO signal is
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an input. The TIOO signal can be used as a GPIO only when the TC[3:0] bitsare all cleared. If
any of the TC[3:0] bits are set, then the GPIO mode is disabled and the DIR bit has no effect.

The DIR bit is cleared by the hardware RESET signal or the software RESET instruction.
Thishitisnot in use for timers 1 and 2. It should be left cleared.

9.3.4.8 TCSR Data Input (DI) Bit 12

The DI bit reflects the value of the TIOO signal. If the INV bit is set, the value of the TIOO0
signal isinverted beforeit iswritten to the DI bit. If the INV bit is cleared, the value of the
T100 signal iswritten directly to the DI bit.

Dl iscleared by the hardware RESET signal or the software RESET instruction.

9.3.4.9 TCSR Data Output (DO) Bit 13

The DO hit isthe source of the TIOO0 value when it is adata output signal. The TIO0 signal is
data output when the GPIO mode is enabled and DIR is set. A value written to the DO bit is
written to the TIOO signal. If the INV bit is set, the value of the DO bit isinverted when
written to the TIOO0 signal. When the INV bit is cleared, the value of the DO bit iswritten
directly to the TIOO0 signal. When GPIO mode is disabled, writing the DO bit has no effect.

The DO hit is cleared by the hardware RESET signal or the software RESET instruction.
Thishitisnot in use for timers 1 and 2. It should be left cleared.

9.3.4.10 TCSR Prescaler Clock Enable (PCE) Bit 15

The PCE bit is used to select the prescaler clock as the timer source clock. When the PCE bit
is cleared, the timer uses either an internal (CLK/2) signal or an external signal (T100) asits
source clock. When the PCE bit is set, the prescaler output is used as the timer source clock
for the counter regardless of the timer operating mode. To ensure proper operation, the PCE
bit should be changed only when the timer is disabled (when the TE bit is cleared). Which
source clock is used for the prescaler is determined by the PS[1:0] bits of the TPLR. Timers 1
and 2 can be clocked by the prescaler clock derived from T1OO.

9.3.4.11 TCSR Timer Overflow Flag (TOF) Bit 20

The TOF bit is set to indicate that counter overflow has occurred. Thisbit is cleared by writing
a lto the TOF bit. Writing a 0 to the TOF bit has no effect. The bit is aso cleared when the
timer overflow interrupt is serviced.

The TOF bit is cleared by the hardware RESET signal, the software RESET instruction, the
STOP instruction, or by clearing the TE bit to disable the timer.
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9.3.4.12 TCSR Timer Compare Flag (TCF) Bit 21

The TCF bit is set to indicate that the event count is complete. In the timer, PWM, and

watchdog modes, the TCF bit is set when (N — M + 1) events have been counted (N is the
value in the compare register and M is the TLR value). In the measurement modes, the TCF
bit is set when the measurement has been completed.

The TCF bit is cleared by writing a one into the TCF bit. Writing a zero into the TCF bit has
no effect. The bit is also cleared when the timer compare interrupt is serviced.

The TCF bit is cleared by the hardware RES¥ihal, the software RESET instruction, the
STOP instruction, or by clearing the TE bit to disable the timer.

Note: The TOF and TCF bits are cleared by writing a one to the specific bit. In order to
assure that only the desired bit is cleared, do not use the BSET command. The
proper way to clear these bits is to write (using a MOVEP instruction) a one to the
flag to be cleared and a zero to the other flag.

9.3.4.13 TCSR Reserved Bits (Bits 3, 10, 14, 16-19, 22, 23)
These reserved bits are read as zero and should be written with zero for future compatibility.

9.3.5 TIMER LOAD REGISTER (TLR)

The TLR is a 24-bit write-only register. In all modes, the counter is preloaded with the TLR
value after the TE bit in the TCSR is set and a first event occurs. The programmer must
initialize the TLR to ensure correct operation in the appropriate timer operating modes.

* Intimer modes, if the timer reload mode (TRM) bit in the TCSR is set, the counter is
reloaded each time after it has reached the value contained by the timer compare
register (TCR) and the new event occurs.

* In measurement modes, if the TRM bit in the TCSR is set and the TE bit in the TCSR
is set, the counter is reloaded with the value in the TLR on each appropriate edge of
the input signal.

*« In PWM modes, if the TRM bit in the TCSR is set, the counter is reloaded each time
after it has overflowed and the new event occurs.

* Inwatchdog modes, if the TRM bit in the TCSR is set, the counter is reloaded each
time after it has reached the value contained by the TCR and the new event occurs. In
this mode, the counter is also reloaded whenever the TLR is written with a new value
while the TE bit in the TCSR is set.

* Inall modes, if the TRM bit in the TCSR is cleared (TRM = 0), the counter operates as
a free-running counter.
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9.3.6 TIMER COMPARE REGISTER (TCPR)

The TCPR is a 24-bit read/write register that contains the value to be compared to the counter
value. These two values are compared every timer clock after the TE bit inthe TCSR is set.
When the values match, the timer compare flag (TCF) bit is set and an interrupt is generated if
interrupts are enabled (if the timer compare interrupt enable (TCIE) bit in the TCSR is set).
The programmer must initialize the TCPR to ensure correct operation in the appropriate timer
operating modes. The TCPR isignored in measurement modes.

9.3.7 TIMER COUNT REGISTER (TCR)

The TCR is a 24-bit read-only register. In timer and watchdog modes, the counter’s contents
can be read at any time by reading the TCR register. In measurement modes, the TCR is
loaded with the current value of the counter on the appropriate edge of the input signal, and its
value can be read to determine the width, period, or delay of the leading edge of the input
signal. When the timer is in measurement modes, the TIOO signal is used for the input signal.

94 TIMER MODES OF OPERATION

Each timer has various operational modes that meet a variety of system requirements. These
modes are as follows:
e Timer
— GPIO, mode 0: Internal timer interrupt generated by the internal clock
— Pulse, mode 1: External timer pulse generated by the internal clock
— Toggle, mode 2: Output timing signal toggled by the internal clock
— Event counter, mode 3: Internal timer interrupt generated by an external clock
* Measurement
— Input width, mode 4: Input pulse width measurement
— Input pulse, mode 5: Input signal period measurement
— Capture, mode 6: Capture external signal
* PWM, mode 7: Pulse Width Modulation
* Watchdog

— Pulse, mode 9: Output pulse, internal clock
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— Toggle, mode 10: Output toggle, internal clock

These modes are described in detail below. Timer modes are selected by setting the TC[3:0]
bits in the TCSR. Table 9-2 and Table 9-3 show how the different timer modes are selected by
setting the bits in the TCSR. Table 9-2 also shows the TIOO signal direction and the clock
source for each timer mode.

Note: To ensure proper operation, the TC[3:0] bits should be changed only when the
timer is disabled (i.e., when the TE bit in the TCSR is cleared).

94.1 TIMER MODES

94.1.1 Timer GPIO (Mode 0)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO TIO0 Clock # KIND NAME
0 0 0 0 GPIO Internal 0 Timer GPIO

In this mode, the timer generates an internal interrupt when a counter value is reached (if the
timer compare interrupt is enabled). Note that any of the three timers can be placed in GPIO
mode to generate internal interrupts, but only timer O provides actual external GPIO access on
the TIOO signal.

Set the TE bit to clear the counter and enable the timer. Load the value the timer is to count
into the TCPR. The counter is loaded with the TLR value when the first timer clock signal is
received. The timer clock can be taken from either the DSP56362 clock divided by two
(CLK/2) or from the prescaler clock outptiach subsequent clock signal increments the
counter.

When the counter equals the TCPR value, the TCF bitin TCSR is set, and a compare interrupt
is generated if the TCIE bit is set. If the TRM bit in the TCSR is set, the counter is reloaded
with the TLR value at the next timer clock and the count is resumed. If the TRM bit is cleared,
the counter continues to be incremented on each timer clock signal.

This process is repeated until the timer is disabled (i.e., TE is cleared).

If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is
generated.

The counter contents can be read at any time by reading the TCR.
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9.4.1.2 Timer Pulse (Mode 1)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO TIOO0 Clock # KIND NAME
0 0 0 1 Output Internal 1 Timer Pulse

In this mode, the timer generates a compare interrupt when the timer count reaches a preset
value. In addition, timer O provides an external pulse onits TIOO signal.

Set the TE bit to clear the counter and enable the timer. The value to which the timer isto
count is loaded into the TCPR. The counter is loaded with the TLR value when the first timer
clock signal isreceived. The TIOO signal isloaded with the value of the INV bit. The timer
clock signal can be taken from either the DSP56362 clock divided by two (CLK/2) or from
the prescaler clock output. Each subsequent clock signal increments the counter.

When the counter matches the TCPR value, the TCF bit in TCSR is set and a compare
interrupt is generated if the TCIE bit is set. The polarity of the TIOO signal isinverted for one
timer clock period.

If the TRM bit is set, the counter isloaded with the TLR value on the next timer clock and the

count isresumed. If the TRM bit is cleared, the counter continues to be incremented on each
timer clock.

This processis repeated until the TE bit is cleared (disabling the timer).

The value of the TLR sets the delay between starting the timer and the generation of the
output pulse. To generate successive output pulses with adelay of X clocks between signals,
the TLR value should be set to X/2 and the TRM bit should be set.

This processis repeated until the timer isdisabled (i.e., TE is cleared).

If the counter overflows, the TOF bit isset, and if TOIE is set, an overflow interrupt is
generated.

The counter contents can be read at any time by reading the TCR.
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9.4.1.3 Timer Toggle (Mode 2)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO TIOO0 Clock # KIND NAME
0 0 1 0 Output Internal 0 Timer Toggle

In this mode, the timer generates a periodic interrupt; timer O aso toggles the polarity of the
TIOO0 signal.

Set the TE bit in the TCR to clear the counter and enable the timer. The value the timer isto
count is loaded into the TPCR. The counter is loaded with the TLR value when the first timer
clock signal isreceived. The TIOO0 signal isloaded with the value of the INV bit. The timer
clock signal can be taken from either the DSP56362 clock divided by two (CLK/2) or from
the prescaler clock output. Each subsequent clock signal increments the counter.

When the counter value matchesthe value in the TCPR, the polarity of the TIOO output signal
isinverted. The TCF bit in the TCSR is set and a compare interrupt is generated if the TCIE
bitis set.

If the TRM bit is set, the counter is loaded with the value of the TLR when the next timer
clock isreceived, and the count is resumed. If the TRM bit is cleared, the counter continuesto
be incremented on each timer clock.

This processis repeated until the TE bit is cleared, disabling the timer.

The TLR valuein the TCPR sets the delay between starting the timer and toggling the TIOO0
signal. To generate output signals with a delay of X clock cycles between toggles, the TLR
value should be set to X/2 and the TRM bit should be set.

This processis repeated until the timer isdisabled (i.e., TE is cleared). If the counter
overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.
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94.1.4 Timer Event Counter (Mode 3)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO TIOO0 Clock # KIND NAME
0 0 1 1 Input External 3 Timer Event Counter

In this mode, the timer counts internal events and issues an interrupt when a preset number of
eventsis counted. Timer O can aso count external events.

Set the TE bit to clear the counter and enable the timer. The number of events the timer isto
count is loaded into the TPCR. The counter is loaded with the TLR value when the first timer
clock signal isreceived. The timer clock signal is provided by the prescaler clock output.
Timer O can be also be clocked from the TIOO0 input signal. Each subsequent clock signal
increments the counter. If an external clock isused, it must be internally synchronized to the
internal clock and its frequency must be less than the DSP56362 internal operating frequency
divided by 4.

The value of the INV bit in the TCSR determines whether low-to-high (0 to 1) transitions or
high-to-low (1 to 0) transitions increment the counter. If the INV bit is set, high-to-low
transitions increment the counter. If the INV bit is cleared, low-to-high transitions increment
the counter.

When the counter matches the value contained in the TCPR, the TCF bit inthe TCSR is set
and acompare interrupt is generated if the TCIE bit is set. If the TRM bit is set, the counter is
loaded with the value of the TLR when the next timer clock is received, and the count is
resumed. If TRM bit is cleared, the counter continues to be incremented on each timer clock.

This processis repeated until the timer isdisabled (i.e., TE is cleared). If the counter
overflows, the TOF bit isset, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

9.4.2 SIGNAL MEASUREMENT MODES

The following signal measurement modes are provided:

* Measurement input width
e Measurement input period

* Measurement capture
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These functions are available only on timer O.

94.2.1 Measurement Accuracy

The external signal is synchronized with the internal clock used to increment the counter. This
synchronization process can cause the number of clocks measured for the selected signal
value to vary from the actual signal value by plus or minus one counter clock cycle.

9.4.2.2 Measurement Input Width (Mode 4)
Bit Settings M ode Characteristics
TC3 TC2 TC1 TCO Mode Name Kind TIO0 Clock
0 1 0 0 4 Input Width M easurement Input Internal

In this mode, the timer O counts the number of clocks that occur between opposite edges of an
input signal.

Set the TE bit to clear the counter and enable the timer. Load the timer’s count value into the
TLR. After the first appropriate transition (as determined by the INV bit) occurs on the TIOO0
input pin, the counter is loaded with the TLR value on the first timer clock signal received
either from the DSP56362 clock divided by two (CLK/2) or from the prescaler clock input.
Each subsequent clock signal increments the counter.

If the INV bit is set, the timer starts on the first high-to-low (1 to 0) signal transition on the
TIOO0 signal. If the INV bit is cleared, the timer starts on the first low-to-high (0 to 1)
transition on the TIOO signal.

When the first transition opposite in polarity to the INV bit setting occurs on the TIOO0 signal,
the counter stops. The TCF bit in the TCSR is set and a compare interrupt is generated if the
TCIE bit is set. The value of the counter (which measures the width of the TIOO pulse) is
loaded into the TCR. The TCR can be read to determine the external signal pulse width.

If the TRM bit is set, the counter is loaded with the TLR value on the first timer clock received
following the next valid transition occurring on the TIOO input pin and the count is resumed.
If the TRM bit is cleared, the counter continues to be incremented on each timer clock.

This process is repeated until the timer is disabled (i.e., TE is cleared).

If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is
generated.

The counter contents can be read at any time by reading the TCR.
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9.4.2.3 Measurement Input Period (Mode 5)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Kind TI0O0 Clock
0 1 0 1 5 Input Period Measurement Input Internal

In this mode, the timer counts the period between the reception of signal edges of the same
polarity acrossthe TIOO signal.

Set the TE bit to clear the counter and enable the timer. The value the timer isto count is
loaded into the TLR. The value of the INV bit determines whether the period is measured
between consecutive low-to-high (0 to 1) transitions of TIOO or between consecutive
high-to-low (1 to 0) transitions of TIOO. If INV is set, high-to-low signal transitions are
selected. If INV iscleared, low-to-high signal transitions are selected.

After the first appropriate transition occurs on the TIOO input pin, the counter is loaded with
the TLR value on thefirst timer clock signal received from either the DSP56362 clock divided
by two (CLK/2) or the prescaler clock output. Each subsequent clock signal increments the
counter.

On the next signal transition of the same polarity that occurs on TIOO, the TCF bit in the
TCSR is set and a compare interrupt is generated if the TCIE bit is set. The contents of the
counter are loaded into the TCR. The TCR then contains the value of the time that el apsed
between the two signal transitions on the TIO0 signal.

After the second signal transition, if the TRM bit is set, the TE bit is set to clear the counter
and enable the timer. The counter is repeatedly |oaded and incremented until the timer is
disabled. If the TRM bhit is cleared, the counter continues to be incremented until it overflows.

This processis repeated until the timer isdisabled (i.e., TE is cleared).

If the counter overflows, the TOF bit isset, and if TOIE is set, an overflow interrupt is
generated.

The counter contents can be read at any time by reading the TCR.
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9424 Measurement Capture (Mode 6)
Bit Settings M ode Characteristics
TC3 TC2 TC1 TCO Mode Name Kind TIO0 Clock
0 1 1 0 6 Capture Measurement Input Interna

In this mode, the timer counts the number of clocks that elapse between starting the timer and
receiving an external signal.

Set the TE bit to clear the counter and enable the timer. The value the timer isto count is
loaded into the TLR. When the first timer clock signal is received, the counter isloaded with
the TLR value. The timer clock signal can be taken from either the DSP56362 clock divided
by two (CLK/2) or from the prescaler clock output. Each subsequent clock signal increments
the counter.

At thefirst appropriate transition of the external clock detected on the TIOO signal, the TCF
bitinthe TCSR isset and, if the TCIE bit is set, acompare interrupt is generated. The counter
halts. The contents of the counter are loaded into the TCR. The value of the TCR represents
the delay between the setting of the TE bit and the detection of the first clock edge signal on
the TIOO0 signal.

If the INV bit is set, a high-to-low transition signals the end of the timing period. If INV is
cleared, alow-to-high transition signals the end of the timing period.

If the counter overflows, the TOF bit isset, and if TOIE is set, an overflow interrupt is
generated.

The counter contents can be read at any time by reading the TCR.

9-20 DSP56362 MOTOROLA



Timer/ Event Counter

Timer Modes of Operation

9.4.3 PULSE WIDTH MODULATION (PWM, MODE 7)

Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Kind TIOO0 Clock
0 1 1 1 7 Pulse Width Modulation PWM Output Interna

In this mode, the timer generates periodic pulses of a preset width. Thisfunction is available
only on timer 0.

Set the TE bit to clear the counter and enable the timer. The value the timer isto count is
loaded into the TPCR. When first timer clock is received from either the DSP56362 internal
clock divided by two (CLK/2) or the prescaler clock output, the counter is loaded with the
TLR value. Each subsequent timer clock increments the counter.

When the counter equals the value in the TCPR, the TIOO0 output pin is toggled and the TCF
bit in the TCSR is set. The contents of the counter are placed into the TCR. If the TCIE bit is
set, acompare interrupt is generated. The counter continues to be incremented on each timer
clock.

If counter overflow has occurred, the TIOO output pinistoggled, the TOF bit in TCSR is set,
and an overflow interrupt is generated if the TOIE bit is set. If the TRM bit is set, the counter
isloaded with the TLR value on the next timer clock and the count is resumed. If the TRM bit
is cleared, the counter continues to be incremented on each timer clock.

This process is repeated until the timer is disabled by clearing the TE bit.

TI1O0 signal polarity is determined by the value of the INV bit. When the counter is started by
setting the TE bit, the TIOO0 signal assumes the value of the INV bit. On each subsequent
toggling of the TIOO signal, the polarity of the TIOO signal is reversed. For example, if the
INV bit is set, the TIOO signal generates the following signal: 1010. If the INV bit is cleared,
the TIOO signal generates the following signal: 0101.

The counter contents can be read at any time by reading the TCR.
The value of the TLR determines the output period ($FFFFFF — TLR + 1). The timer counter
increments the initial TLR value and toggles the TIOO0 signal when the counter value exceeds

$FFFFFF.

The duty cycle of the TIOO0 signal is determined by the value in the TCPR. When the value in
the TLR isincremented to a value equal to the value in the TCPR, the TIOO0 signal is toggled.
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The duty cycle is equal to ($FFFFFF — TCPR) divided by ($FFF-RER + 1). For a 50%
duty cycle, the value of TCPR is equal to ($FFFFFF + TLR + 1) / 2.

Note: The value in TCPR must be greater than the value in TLR.

9.4.4 WATCHDOG MODES

944.1 Watchdog Pulse (Mode 9)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode Name Kind TIO0 Clock
1 0 0 1 9 Pulse Watchdog Output Internal

In this mode, the timer generates an interrupt at a preset rate. Timer 0 also generates pulse on
TIOO0. The signal period is equal to the period of one timer clock.

Set the TE bit to clear the counter and enable the timer. The value the timer is to count is
loaded into the TCPR. The counter is loaded with the TLR value on the first timer clock
received from either the DSP56362 internal clock divided by two (CLK/2) or the prescaler
clock output. Each subsequent timer clock increments the counter.

When the counter matches the value of the TCPR, the TCF bit in the TCSR is set and a
compare interrupt is generated if the TCIE bit is also set.

If the TRM bit is set, the counter is loaded with the TLR value on the next timer clock and the
count is resumed. If the TRM bit is cleared, the counter continues to be incremented on each
subsequent timer clock.

This process is repeated until the timer is disabled (i.e., TE is cleared).

If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is
generated. Timer 0 also generates an output pulse on the TIOO signal with a pulse width equal
to the timer clock period. The pulse polarity is determined by the value of the INV bit. If the
INV bit is set, the pulse polarity is high (logical 1). If the INV bit is cleared, the pulse polarity

is low (logical 0).

The counter contents can be read at any time by reading the TCR.

The counter is reloaded whenever the TLR is written with a new value while the TE bit is set.
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Note: In this mode, internal logic preserves the TIOO value and direction for an
additional 2.5 internal clock cycles after the DSP56362 hardware RESET signal is
asserted. Thisensuresthat avalid RESET signal is generated when the TIO0
signal is used to reset the DSP56362.

9.44.2 Watchdog Toggle (Mode 10)
Bit Settings Mode Characteristics
TC3 TC2 TC1 TCO Mode NAME Kind TIO0 Clock
1 0 1 0 10 Toggle Watchdog Output Internal

In this mode, the timer generates an interrupt at a preset rate. Timer 0 also toggles the output
on T100.

Set the TE bit to clear the counter and enable the timer. The value the timer isto count is
loaded into the TPCR. The counter is loaded with the TLR value on the first timer clock
received from either the DSP56362 internal clock divided by two (CLK/2) or the prescaler
clock output. Each subsequent timer clock increments the counter. The TIOO signal is set to
the value of the INV bit.

When the counter equals the value in the TCPR, the TCF bit inthe TCSR is set, and a
compare interrupt is generated if the TCIE bit isalso set. If the TRM bit is set, the counter is
loaded with the TLR value on the next timer clock and the count isresumed. If the TRM bit is
cleared, the counter continues to be incremented on each subsequent timer clock

When counter overflow has occurred, the polarity of the TIOO output pin isinverted, the TOF
bit in the TCSR is set, and an overflow interrupt is generated if the TOIE bit isalso set. The
TIOO0 polarity is determined by the INV bit.

The counter is reloaded whenever the TLR iswritten with anew value while the TE bit is set.
Thisprocessis repeated until the timer is disabled by clearing the TE bit. The counter contents
can be read at any time by reading the TCR register.

Note: In this mode, internal logic preserves the TIOO0 value and direction for an
additional 2.5 internal clock cycles after the DSP56362 hardware RESET signal is
asserted. Thisensuresthat avalid RESET signal is generated when the TIOO0
signal is used to reset the DSP56362.
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Timer Modes of Operation

9.4.5 RESERVED MODES

Modes 8, 11, 12, 13, 14, and 15 are reserved.

9.4.6 SPECIAL CASES

The following special cases apply during wait and stop state.

9.4.6.1 Timer Behavior during Wait

Timer clocks are active during the execution of the WAIT instruction and timer activity is
undisturbed. If atimer interrupt is generated, the DSP56362 |eaves the wait state and services
the interrupt.

9.4.6.2 Timer Behavior during Stop

During the execution of the STOP instruction, the timer clocks are disabled, timer activity is
stopped, and the TIOO signal is disconnected. Any external changes that happen to the TIOO0
signa isignored when the DSP56362 is the stop state. To ensure correct operation, the timers
should be disabled before the DSP56362 is placed into the stop state.

9.4.7 DMA TRIGGER

Each timer can also be used to trigger DMA transfers. For thisto occur, aDMA channel must
be programmed to be triggered by atimer event. The timer issues aDMA trigger on every
event in al modes of operation. The DMA channel does not have the capability to save
multiple DMA triggers generated by the timer. To ensure that all DMA triggers are serviced,
the user must provide for the preceding DMA trigger to be serviced before the next trigger is
received by the DMA channel.
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SECTION 10
DIGITAL AUDIO TRANSMITTER

10.1 INTRODUCTION

The Digital Audio Transmitter (DAX) isaseria audio interface module that outputs digital
audio datain the AESJEBU, CP-340 and |EC958 formats. Some of the key features of the
DAX are listed below.

e Operateson aframebasis—The DAX can handle one frame (consisting of two
subframes) of audio and non-audio data at a time.

e Double-buffered audio and non-audio data—The DAX data path is
double-buffered so the next frame data can be stored in the DAX without affecting the
frame currently being transmitted.

« Direct Memory Access—Audio data and non-audio data can be written to the DAX
using DMA.

* Programmable clock source—Users can select the DAX clock source, and this
selection configures the DAX to operate in slave or master mode.

e Supportsboth master mode and slave mode in a digital audio networ k—If the
user selects a divided DSP core clock, the DAX will operate in the master mode. If the
user selects an external clock source, the DAX will operate in the slave mode.

GPIO—Each of the two DAX pins can be configured as either GPIO or as specific
DAX pin. Each pin is independent of the other. However, at least one of the two pins
must be selected as a DAX pin to release the DAX from reset.

The accessible DAX registers are all mapped in the X I/O memory space. This allows
programmers to access the DAX using standard instructions and addressing modes. Interrupts
generated by the DAX can be handled with a fast interrupt for cases in which the non-audio
data does not change from frame to frame. When the DAX interrupts are disabled, they can
still be served by DMA or by a “polling” technique. A block diagram of the DAX is shown in
Figure 10-1.
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Note: The shaded registersin Figure 10-1 are directly accessible by DSP instructions.
Global Data Bus

23 1 0 23 * 0 23 ‘ 0 DMA Bus 23 ¢ 0

[ xstR | [ xnaDR | [ xAaDrR | [ XCTR |

A ¥

| XADBUFA || XADBUFB |

| &

26 23 0

Upload [C-U-V] _XADSR L> Biphase ADO
Y % Encoder o
XNADBUF| Preamble

J T Gene+rar[or

MUX

Y Y ACI
DAX pax [—Hl
> State - gont;lol cl Df‘(X - Clock
Machine Ignals 0cks MUX DSP
¢ Core Clock

Figure 10-1 Digital Audio Transmitter (DAX) Block Diagram

10.2 DAX SIGNALS

The DAX hastwo signal lines:

* DAX Digital Audio Output (ADO/PD1)—The ADO pin sends audio and non-audio
data in the AES/EBU, CP340, and IEC958 formats in a biphase mark format. The
ADO pin may also be used as a GPIO pin PD1 if the DAX is not operational.

* DAX Clock Input (ACI/PD0)—When the DAX clock is configured to be supplied
externally, the external clock is applied to the ACI pin. The frequency of the external
clock must be 256 times, 384 times, or 512 times the audio sampling frequenasy (256
Fs, 384x Fs, or 512 Fs). The ACI pin may also be used as a GPIO pin PDO when the
DAX is disabled or when operating from the internal DSP clock.
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10.3 DAX FUNCTIONAL OVERVIEW

The DAX consists of the following:

* Audio data register (XADR)

e Two audio data buffers (XADBUFA and XADBUFB)
* Non-audio data register (XNADR)

* Non-audio data buffer (XNADBUF)

* Audio and non-audio data shift register (XADSR)
e Control register (XCTR)

» Status register (XSTR)

e Parity generator (PRTYG)

* Preamble generator

* Biphase encoder

* Clock multiplexer

» Control state machine

XADR, XADBUFA, XADBUFB and XADSR creates a FIFO-like data path. Channel A is
written to XADR and moves to XADBUFA. Then channel B is written to XADR, and when
XADBUFB empties XADR moves into it. XADBUFA moves to the shift register XADSR
when XADSR has shifted out its last bit. After channel A audio and non-audio data has been
shifted out, XADBUFB moves into XADSR, and channel B audio and non audio shift begins.

The frame non-audio data (stored in XNADR) is transferred to the XADSR (for channel A)
and to the XNADBUF registers (for channel B) at the beginning of a frame transmission. This
is called an “upload.” The DAX audio data register empty (XADE) flag is set when XADR
and XADBUFA are empty, and, if the audio data register empty interrupt is enabled
(XDIE=1), an interrupt request is sent to the DSP core. The interrupt handling routine then
sends the non-audio data bits to XNADR and the next frame of audio data to XADR (two
subframes).

At the beginning of a frame transmission, one of the 8-bit channel A preambles (Z-preamble
for the first subframe in a block, or X-preamble otherwise) is generated in the preamble
generator, and then shifted out to the ADO pin in the first eight time slots. The preamble is
generated in biphase mark format. The twenty-four audio and three non-audio data bits in the
XADSR are shifted out to the biphase encoder, which shifts them out through the ADO pin in
the biphase mark format in the next 54 time slots. The parity generator calculates an even
parity over the 27 bits of audio and non-audio data, and then outputs the result through the
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DAX Programming Model

biphase encoder to the ADO pin at the last two time slots. Thisis the end of the first (channel
A) subframe transmission.

The second subframe transmission (channel B) starts with the preamble generator generating
the channel B preamble (Y -preamble). At the same time, channel B audio and non-audio data
istransferred to the XADSR shift-register from the XADBUFB and XNADBUF registers.
The generated Y -preambl e is output immediately after the channel A parity and isfollowed by
the audio and non-audio datain the XADSR, which isin turn followed by the cal culated parity
for channel B. This completes aframe transmission. When the channel B parity is sent, the
audio datafor the next frame, stored in XADBUFA and the non-audio data bits from the
XNADR, are uploaded to XADSR.

10.4 DAX PROGRAMMING MODEL

The programmer-accessible DA X registers are shown in Figure 10-2. The registers are
described in the following subsections. The Interrupt Vector table for the DAX is shown in
Table 10-1. Theinternal interrupt priority is shown in Table 10-2.

Table 10-1 DAX Interrupt Vectors

Condition Address Description
XAUR VBA:$28 DAX transmit underrun error
XADE & XBLK VBA:$2A DAX block transferred
XADE VBA:$2E DAX audio data register empty

Table 10-2 DAX Interrupt Priority

Priority Interrupt

highest DAX transmit underrun error

DAX block transferred

lowest DAX audio dataregister empty
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DAX Internal Architecture

10.5 DAXINTERNAL ARCHITECTURE

Hardware components shown in Figure 10-1 are described in the following sections. The
DAX programming model isillustrated in Figure 10-2.

XCTR - Control Register - X:$FFFFDO
23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

| | | | | | | | | | | | | | | | | | | XSB |XC51|XC30| XB|E|XU|E|XD|E|

XNADR - Non-Audio Data Register - X:$FFFFD1
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O

LI T T T T T T belslwsbebwbal T T T T T T T 1]

XADRA - Audio Data Register A - X:$FFFFD2 and XADRB - Audio Data Register B -X:$FFFFD3
23 0

XSTR - Status Register - X:$FFFFD4
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LT T TP T T i i ittt i T T hewdaa
|:|Reservedbit

Figure 10-2 DAX Programming Model

10.5.1 DAX AUDIO DATA REGISTER (XADR)

XADR isa?24-hit write-only register. One frame of audio data, which is to be transmitted in
the next frame slot, istransferred to this register. Successive write accesses to this register will
store channel A and channel B alternately in XADBUFA and in XADBUFB respectively.
When XADR and XADBUFA are empty, XADE bit in the XSTR is set, and, if the audio data
register empty interrupt is enabled (XDIE=1), an interrupt request is sent to the DSP core.
When channel B istransferred to XADR, the XADE bit in the XSTR is cleared. XADR can
also be accessed by DMA. When XADR and XADBUFA are empty, the DAX sendsaDMA
request to the core. The DMA first transfers non-audio data bits to XNADR (optional), then
transfers channel A and channel B to XADR. The XADR can be accessed with two different
successive addresses. This feature supports sending non-audio data bits, channel A and
channel B to the DAX in three successive DMA transfers.
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10.5.2 DAX AUDIO DATA BUFFERS (XADBUFA / XADBUFB)

XADBUFA and XADBUFB are 24-bit registers that buffer XADR from XADSR, creating a
FIFO-like data path. These registers hold the next two subframes of audio data to be
transmitted. Channel A audio dataistransferred from XADR to XADBUFA if XADBUFA is
empty. Channel B audio dataistransferred from XADR to XADBUFB if XADBUFB is
empty. Audio datais transferred from XADBUFA and XADBUFB alternately to XADSR
provided that XADSR shifted out all the audio and non-audio bits of the currently transmitted
channel. This buffering mechanism provides more cycles for writing the next audio data to
XADR. These registers are not directly accessible by DSP instructions.

10.5.3 DAX AUDIO DATA SHIFT REGISTER (XADSR)

The XADSR isa 27-bit shift register that shifts the 24-bit audio data and the 3-bit non-audio
datafor one subframe. The contents of XADBUFA or XADBUFB are directly transferred to
the XADSR at the beginning of the subframe transmission. The channel A subframeis
transferred to XADSR at the same time that the three bits of non-audio data (V-bit, U-bit and
C-bit) for channel A inthe DAX non-audio dataregister (XNADR) are transferred to the three
highest-order bits of the XADSR. At the beginning of the channel B transmission, audio and
non-audio data for channel B are transferred from the XADBUFB and the XNADBUF to the
XADSR for shifting. The datain the XADSR is shifted toward the lowest-order bit at the fifth
to thirty-first bit slot of each subframe transmission. Thisregister is not directly accessible by
DSP instructions.

10.5.4 DAX NON-AUDIO DATA REGISTER (XNADR)

The XNADR is a 24-bit write-only register. It holds the three bits of non-audio datafor each
subframe. XNADR can be accessed by core instructions or by DMA. The contents of the
XNADR are shown in Figure 10-2. XNADR is not affected by any of the DAX reset states.
The XNADR bits are described in the following paragraphs.

10.54.1 DAX Channel A Validity (XVA)—Bit 10
The value of the XV A bit istransmitted as the twenty-ninth bit (Bit 28) of channel A subframe
in the next frame.

10.5.4.2 DAX Channel A User Data (XUA)—BIt 11
The value of the XUA bit is transmitted as the thirtieth bit (Bit 29) of the channel A subframe
in the next frame.
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10.5.4.3 DAX Channel A Channel Status (XCA)—Bit 12
The value of the XCA bit is transmitted as the thirty-first bit (Bit 30) of the channel A
subframe in the next frame.

10.5.4.4 DAX Channel B Validity (XVB)—Bit 13
The value of the XV B bit is transmitted as the twenty-ninth bit (Bit 28) of the channel B
subframe in the next frame.

10.5.45 DAX Channel B User Data (XUB)—Bit 14
The value of the XUB bit is transmitted as the thirtieth bit (Bit 29) of the channel B subframe
in the next frame.

10.5.4.6 DAX Channel B Channel Status (XCB)—Bit 15
The value of the XCB hit is transmitted as the thirty-first bit (Bit 30) of the channel B
subframe in the next frame.

10.5.4.7 XNADR Reserved Bits—Bits 0-9, 16—23
These XNADR bits are reserved. They read as 0, and should be written with O to ensure
compatibility with future device versions.

10.5.5 DAX NON-AUDIO DATA BUFFER (XNADBUF)

The XNADBUF is a 3-hit register that temporarily holds channel B non-audio data (XVB,

XUB and XCB) for the current transmission while the channel A datais being transmitted.

This mechanism provides programmers more instruction cycles to store the next frame’s
non-audio data to the XCB, XUB, XVB, XCA, XUA and XVA bits in the XNADR. The data
in the XNADBUF register is transferred to the XADSR along with the contents of the
XADBUF register at the beginning of channel B transmission.

Note: The XNADBUF register is not directly accessible by DSP instructions.

10.5.6 DAX CONTROL REGISTER (XCTR)

The XCTR is a 24-bit read/write register that controls the DAX operation. The contents of the
XCTR are shown in Figure 10-2. XCTR is cleared by software reset and hardware reset. The
XCTR bits are described in the following paragraphs.
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10.5.6.1 Audio Data Register Empty Interrupt Enable (XDIE)—RBit O

When the XDIE bit is set, the audio data register empty interrupt is enabled and sends an
interrupt request signal to the DSP if the XADE status bit is set. When XDIE bit is cleared,
thisinterrupt is disabled.

10.5.6.2 Underrun Error Interrupt Enable (XUIE)—DBiIt 1

When the XUIE bit is set, the underrun error interrupt is enabled and sends an interrupt
request signal to the DSP if the XAUR status bit is set. When XUIE bit is cleared, this
interrupt is disabled.

10.5.6.3 Block Transferred Interrupt Enable (XBIE)—BiIt 2

When the XBIE bit is set, the block transferred interrupt is enabled and sends an interrupt
request signal to the DSP if the XBLK and XADE status bits are set. When XBIE bit is
cleared, thisinterrupt is disabled.

10.5.6.4 DAX Clock Input Select (XCS[1:0])—Bits 3—4

The XCY[1:0] bits select the source of the DAX clock and/or its frequency. Table 10-3 shows
the configurations selected by these bits. These bits should be changed only when the DAX is
disabled.

Table 10-3 Clock Source Selection

XCs1 XCS0 DAX Clock Source
0 0 DSP Core Clock (f = 1024 X fs)
0 1 ACI Pin, f =256 X fs
1 0 ACI Pin, f=384X fs
1 1 ACI Pin, f =512 X fs
10.5.6.5 DAX Start Block (XSB)—Bit 5

The XSB hit forcesthe DAX to start anew block. When this bit is set, the next frame will start
with “Z” preamble and will start a new block even though the current block was not finished.
This bit is cleared when the new block starts.

10.5.6.6 XCTR Reserved Bits—Bits 6-23
These XCTR hits are reserved. They read as 0 and should be written with O for future
compatibility.
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10.5.7 DAX STATUS REGISTER (XSTR)

The XSTR is a 24-bit read-only register that containsthe DAX status flags. The contents of
the XSTR are shown in Figure 10-2. XSTR is cleared by software reset, hardware reset an by
the stop state. The XSTR bits are described in the following paragraphs.

10.5.7.1 DAX Audio Data Register Empty (XADE)—BIt 0

The XADE status flag indicates that the DAX audio data register XADR and the audio data

buffer XADBUFA are empty (and ready to receive the next frame’s audio data). This bit is set
at the beginning of every frame transmission (more precisely, when channel A audio data is
transferred from XADBUFA to XADSR). When XADE is set and the interrupt is enabled
(XDIE = 1), an audio data register empty interrupt request is sent to the DSP core. XADE is
cleared by writing two channels of audio data to XADR.

10.5.7.2 DAX Transmit Underrun Error Flag (XAUR)—BIt 1

The XAUR statusflag is set when the DAX audio databuffers XADBUFA or XADBUFB are
empty and the respective audio data upload occurs. When a DAX underrun error occurs, the
previous frame data will be retransmitted in both channels. When XAUR is set and the
interrupt is enabled (XUIE = 1), an underrun error interrupt request is sent to the DSP core.
This allows programmers to write an exception handling routine for this special case. The
XAUR bit iscleared by reading the XSTR register with XAUR set, followed by writing two
channels of audio datato XADR.

10.5.7.3 DAX Block Transfer Flag (XBLK)—Bit 2

The XBLK flag indicates that the frame being transmitted isthe last frame in ablock. This bit
is set at the beginning of the transmission of the last frame (the 191st frame). This bit does not
cause any interrupt. However, if XBIE=1 it causes a changein the interrupt vector sent to DSP
core in the event of an audio data register empty interrupt, so that a different interrupt routine
can be called (providing the next non-audio data structures for the next block as well as
storing audio datafor the next frame). Writing two channels of audio datato XADR clearsthis
bit.

The relative timing of transmit frames and XADE and XBLK flagsis shown in Figure 10-3.
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Figure 10-3 DAX Relative Timing

10.5.7.4 XSTR Reserved Bits—Bits 3-23
These XSTR bits are reserved. They read as 0, and should be written with O to ensure
compatibility with future device versions.

10.5.8 DAX PARITY GENERATOR (PRTYG)

The PRTY G generates the parity bit for the subframe being transmitted. The generated parity
bit ensures that subframe bits four to thirty-one will carry an even number of ones and zeroes.

10.5.9 DAXBIPHASE ENCODER

The DAX biphase encoder encodes each audio and non-audio bit into its biphase mark format
and shifts this encoded data out to the ADO output pin synchronously to the biphase clock.

10.5.10 DAX PREAMBLE GENERATOR

The DAX preamble generator automatically generates one of three preamblesin the 8-hit
preamble shift register at the beginning of each subframe transmission, and shiftsit out. The
generated preambles always start with “0”. Bit patterns of preambles generated in the
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preamble generator are shown in Table 10-4. The preamble bits are already in the biphase
mark format.

Table 10-4 Preamble Bit Patterns

Preamble Bit Pattern Channel
X 00011101 A
Y 00011011 B
z 00010111 A (first in block)

There is no programmable control for the preamble selection. The first subframe to be

transmitted (immediately after the DAX is enabled) isthe beginning of ablock, and therefore

it has a “Z” preamble. This is followed by the second subframe, which has an “Y” preamble.
After that, “X” and “Y” preambles are transmitted alternately until the end of the block
transfer (192 frames transmitted). See Figure 10-4 for an illustration of the preamble
sequence.

DAX
Enabled
Here

/

LY XY — XY XYY XY —>

}47 First Block (384 subframes) —>~<f Second Block —

Figure 10-4 Preamble sequence

AA0609k

10.5.11 DAX CLOCK MULTIPLEXER

The DAX clock multiplexer selects one of the clock sources and generates the biphase clock
(128 x Fs) and shift clock (64 Fs). The clock source can be selected from the following
options (see also Section 10.5.6.4, “DAX Clock Input Select (XCS[1:0])—Bits 3—-4").

* The internal DSP core clock—assumes 18F%

* DAX clock input pin (ACI)—512x Fs

e DAX clock input pin (ACI)—384x Fs

* DAX clock input pin (ACI)—256x Fs
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Figure 10-5 shows how each clock is divided to generate the biphase and bit shift clocks

DSP Core Clock

(1024 X Fs) L4
ACI Pin 0 -
(256,384,512} X Fs > S 72 - i
2> L (128 X F9)
Bit Shift
(XCS1 or XC0) 1/2 P Clock
(64 X Fs)

XCS1 XCS0
AA0610

Figure 10-5 Clock Multiplexer Diagram

Note: For proper operation of the DAX, the DSP core clock frequency must be at |east
five times higher than the DAX bit shift clock frequency (64 x Fs).

10.5.12 DAX STATE MACHINE

The DAX state machine generates a set of sequencing signals used in the DAX.

10.6 DAX PROGRAMMING CONSIDERATIONS

The following sections describe programming considerations for the DAX.

10.6.1  INITIATING A TRANSMIT SESSION

To initiate the DAX operation, follow this procedure:
1. Ensurethat the DAX isdisabled (PC1 and PCO bits of port control register PCR are
cleared)
2. Write the non-audio data to the corresponding bitsin the XNADR register
3. Write the channel A and channel B audio datain the XADR register
4. Write the transmit mode to the XCTR register
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5. Enable DAX by setting PC1 bit (and by setting PCO bit if in slave mode) in the port
control register (PCR); transmission begins.

10.6.2 AUDIO DATA REGISTER EMPTY INTERRUPT HANDLING

When the XDIE bit is set and the DAX is active, an audio data register empty interrupt
(XADE =1) isgenerated once at the beginning of every frame transmission. Typically, within
an XADE interrupt, the non-audio data bits of the next frame are stored in XNADR and one
frame of audio data to be transmitted in the next frame is stored in the FIFO by two
consecutive MOVEP instructions to XADR. If the non-audio bits are not changed from frame
to frame, this procedure can be handled within afast interrupt routine. Storing the next
frame’s audio data in the FIFO clears the XADE bit in the XSTR.

10.6.3 BLOCK TRANSFERRED INTERRUPT HANDLING

An interrupt with the XBLK vector indicates the end of a block transmission and may require
some computation to provide the next non-audio data structures that are to be transmitted
within the next block. Within the routine, the next audio data can be stored in the FIFO by two
consecutive MOVEP instructions to XADR, and the next non-audio data can be stored in the
XNADR. The XBLK interrupt occurs only if the XBIE bitin XCTR is set. If XBIE is cleared,

a XADE interrupt vector will take place.

10.6.4 DAX OPERATION WITH DMA

During DMA transfers, the XDIE bit of the XCTR must be cleared to avoid XADE interrupt
services by the DSP core. The initialization appearing in Section 10.6.1 is relevant for DMA
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operation. DMA transfers can be performed with or without changing non-audio bits from

frame to frame. Table 10-5 describes two examples of DMA configuration.

Table 10-5 Examples of DMA configuration

Register Non-audio data bits change Non-audio data bits do not change

DCR2 DE=1; Enable DMA channdl. DE=1; Enable DMA channel.
DIE=1; Enable DMA interrupt. DIE=1; Enable DMA interrupt.
DTM[2:0]=010; Line transfer mode. DTM[2:0]=010; Line transfer mode.
D3D=0; Not 3D. D3D=0; Not 3D.
DAM([5:3]=000; 2D mode. DAM[5:3]=000; 2D mode.
DAM[2:0]=101; post increment by 1. DAM[2:0]=101; post increment by 1.
DDS[1:0]=00; X memory space. DDS[1:0]=00; X memory space.
DRS[4:0]=01010; DAX is DMA request source. DRS[4:0]=01010; DAX is DMA request source.
Other bits are application dependent. Other hits are application dependent.

DCO2 DCOH=number of framesin block - 1 DCOH=number of framesin block - 1
DCOL=$002; 3 destination registers DCOL =$001; 2 destination registers

DSR2 first memory address of the block first memory address of the block

DDR2 XNADR address (base address + $1) XADR address (base address + $2)

DORO $FFFFFE; offset=-2 $FFFFFF; offset=-1

The memory organization employed for DMA transfers depends on whether or not non-audio

data changes from frame to frame as shown in Figure 10-6.
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GPIO (PORT D) - Pins and Registers

Channel B $00000B Channel B $00000B
Channel A $00000A Channel A $00000A
Non-Audio Data | $000009 Channel B $000009
Channel B $000008 Channel A $000008
Channel A $000007 Channel B $000007
Non-Audio Data | $000006 Channel A $000006
Channel B $000005 Channel B $000005
Channel A $000004 Channel A $000004
Non-Audio Data | $000003 Channel B $000003
Channel B $000002 Channel A $000002
Channel A $000001 Channel B $000001
Non-Audio Data | $000000 Channel A $000000

Non-audio data bits do not
change from frame to frame

Non-audio data bits change
from frame to frame

Figure 10-6 Examples of data organization in memory

10.6.5 DAX OPERATION DURING STOP

The DAX operation cannot continue when the DSPisin the stop state since no DSP clocks are
active. While the DSP isin the stop state, the DAX will remain in the individual reset state
and the status flags are initialized as described for resets. No DAX control bits are affected.
The DAX should be disabled before the DSP enters the stop state.

10.7 GPIO (PORT D) - PINS AND REGISTERS

The Port D GPIO functionality of the DAX is controlled by three registers: Port D Control
Register (PCRD), Port D Direction Register (PRRD) and Port D Data Register (PDRD).
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10.7.1 PORT D CONTROL REGISTER (PCRD)

The read/write 24-bit DAX Port D Control Register controls the functionality of the DAX
GPIO pins. Each of the PC[1:0Q] bits controls the functionality of the corresponding port pin.
When a PC[i] bit is set, the corresponding port pin is configured asa DAX pin. When a PCJi]
bit is cleared, the corresponding port pin is configured as GPIO pin. If both PC1 and PCO are
cleared, the DAX isdisabled. Hardware and software reset clear all PCRD bhits.

PCRD -Port D Control Register - X:$FFFFD7

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

I A =

I:l read as zero, should be written with zero for future compatibility

Figure 10-7 Port D Control Register (PCRD)

10.7.2 PORT D DIRECTION REGISTER (PRRD)

The read/write 24-bit Port D Direction Register controls the direction of the DAX GPIO pins.
When port pin[i] is configured as GPIO, PDCJi] controls the port pin direction. When PDC][i]
is set, the GPIO port pin[i] isconfigured as output. When PDC]i] is cleared the GPIO port
pin[i] is configured as input. Hardware and software reset clear all PRRD bits. Table 10-6
describes the port pin configurations.

PRRD - Port D Direction Register - X:$FFFFD6

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| T [ [ [ [ [ [eocteeq

|:| read as zero, should be written with zero for future competibility

Figure 10-8 Port D Direction Register (PRRD)
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Table 10-6 DAX Port GPIO Control Register Functionality

PDC1 PC1 ADO/PD1 pin PDCO PCO ACI/PDO pin DAX state
0 0 Disconnected 0 0 Disconnected Personal Reset
0 0 Disconnected 0 1 PDO Input Personal Reset
0 0 Disconnected 1 0 PDO Output Personal Reset
0 0 Disconnected 1 1 ACI Enabled
0 1 PD1 Input 0 0 Disconnected Personal Reset
0 1 PD1 Input 0 1 PDO Input Personal Reset
0 1 PD1 Input 1 0 PDO Output Personal Reset
0 1 PD1 Input 1 1 ACI Enabled
1 0 PD1 Output 0 0 Disconnected Personal Reset
1 0 PD1 Qutput 0 1 PDO Input Personal Reset
1 0 PD1 Output 1 0 PDO Output Personal Reset
1 0 PD1 Output 1 1 ACI Enabled
1 1 ADO 0 0 Disconnected Enabled
1 1 ADO 0 1 PDO Input Enabled
1 1 ADO 1 0 PDO Output Enabled
1 1 ADO 1 1 ACI Enabled
10.7.3 PORT D DATA REGISTER (PDRD)

The read/write 24-bit Port D Data Register is used to read or write data to/from the DAX
GPIO pins. Bits PD[1:0] are used to read or write data from/to the corresponding port pins if
they are configured as GPIO. If aport pin [i] is configured as a GPIO input, then the
corresponding PDJi] bit will reflect the value present on thispin. If aport pin [i] is configured
as a GPIO output, then the value written into the corresponding PDJi] bit will be reflected on
the this pin. Hardware and software reset clear all PDRD hits.

PDRD - Port D Data Register - X:$FFFFD5

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

|:| read as zero, should be written with zero for future competibility

Figure 10-9 Port D Data Register (PDRD)
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APPENDIX A
BOOTSTRAP ROM CONTENTS

A.1 DSP56362 BOOTSTRAP PROGRAM

; BOOTSTRAP CODE FOR DSP56362 Rev. A silicon - (C) Copyright 1999 Mtorol a
I nc.

; Revision 0.1 1998/ DEC/ 29 added command to enabl e OnCE.
; - added 12C slave with clock freeze enabl e
; bootstrap node, sinilar to 56364.

; Revision 0.2 1999/JAN 26 - no code change. Changed "FST" to " SCKT"
; in the cooments and in the equates.

; Revision 0.3 1999/ FEB/ 01 Added 5 NOP instructions after OnCE enabl e.

; Revision 0.4 1999/ MAR/ 29 Enabl ed 100ns 12C filter in bootstrap
; node 0110.

; This is the Bootstrap program contained in the DSP56362 192-word Boot
; ROM This program can | oad any program RAM segnent from an external
; EPROM fromthe Host Interface or fromthe SH serial interface.

; |f MD:MC: MB: MA=x000, then the Boot ROMis bypassed and the DSP56362

; wll start fetching instructions beginning with address $C00000 (MD=0)
; or $008000 (MD=1) assuming that an external nmenory of SRAMtype is

; used. The accesses will be perforned using 31 wait states with no

; address attributes selected (default area).

; |f MD:MC: MB: MA=0001, then it |oads a program RAM segnent from consecutive
; byte-wide P nmenory locations, starting at P:$D00000 (bits 7-0).

; The menory is selected by the Address Attribute AAlL and is accessed with
; 31 wait states.

; The EPROM bootstrap code expects to read 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
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; programwords are read | east significant byte first foll owed by the

; md and then by the nost significant byte.

; The program words will be condensed into 24-bit words and stored in

; contiguous PRAM nenory | ocations starting at the specified starting
addr ess.

; After reading the program words, program execution starts fromthe sane
; address where | oadi ng started.

L T T R T T T T T T T T T T T T T O T T T T R T T O O O T O T T O T O T T T T T T T T T R O T R TN T T T T R A T B TS I |

; |f MD: MC: MB: MA=0010, then the bootstrap code junps to the interna
; Program ROM wi thout | oading the Program RAM

; If MD:MC: MB: MA=01xx, then the Program RAM is | oaded fromthe SHI.

; Operation node MD: MC: MB: MA=1001 is used for burn-in testing.

; Operation node MD: MC: MB: MA=1010 i s reserved
; Operation node MD: MC: MB: MA=1011 is reserved

; |f MD:MC: MB: MA=1100, then it |oads the program RAM from t he 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 nenory | ocations starting at the specified starting

addr ess.

; After reading the program words, program execution starts fromthe sane

; address where | oadi ng started.

; The Host Interface bootstrap |oad program may be stopped by

; setting the Host Flag O (HFO). This will start execution of the |oaded

; programfromthe specified starting address.

; If MD:MC:MB: MA=1101, then it |oads the program RAM from t he Host
; Interface programmed to operate in the HCL1 non multipl exed node.

; The HOST HCl11 bootstrap code expects to read a 24-bit word
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; specifying the nunber of programwords, a 24-bit word specifying the address

to start | oading the programwords and then a 24-bit word for each program
word to be | oaded. The programwords will be stored in

; contiguous PRAM nenory | ocations starting at the specified starting

addr ess.

; After reading the program words, program execution starts fromthe sane
address where | oading started.

The Host Interface bootstrap | oad program may be stopped by

setting the Host Flag O (HFO). This will start execution of the | oaded
program fromthe specified starting address.

L T T R R T R T T T T T N T T O T O O T O T T O O T O O T T e T T O T T O O T T T T T O T O T O T R T T T T O T T T T T O

I f NMD:MC: MB: MA=1110, then it |oads the program RAM from t he Host
Interface programmed to operate in the 8051 multipl exed bus node,

i n doubl e-strob 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
speci fying the nunber of programwords, 3 bytes fornming a 24-bit word
speci fying the address to start | oading the programwords and then 3 bytes
form ng 24-bit words for each programword to be | oaded.

The program words will be stored in contiguous PRAM nenory | ocations
starting at the specified starting address.

After reading the program words, program execution starts fromthe sane
address where | oading started.

The Host Interface bootstrap | oad program may be stopped by setting the
Host Flag O (HFO). This will start execution of the | oaded program from
the specified starting address.

The base address of the HDI0O8 in nultiplexed node is 0x80 and is not
nodi fied by the bootstrap code. Al the address lines are enabled
and shoul d be connected accordi ngly.

If NMD:MC: MB: MA=1111, then it |oads the program RAM from t he Host
Interface programred to operate in the MZ68302 (1 MP) bus node,

in single-strob pin configuration

The HOST MC68302 bootstrap code expects accesses that are byte w de.

The HOST MC68302 bootstrap code expects to read 3 bytes formng a 24-bit
wor d
; specifying the nunber of programwords, 3 bytes formng a 24-bit word
speci fying the address to start | oading the programwords and then 3 bytes
form ng 24-bit words for each programword to be | oaded.

The program words will be stored in contiguous PRAM nenory | ocations
starting at the specified starting address.

After reading the program words, program execution starts fromthe sane
address where | oading started.

The Host Interface bootstrap | oad program may be stopped by setting the
Host Flag O (HFO). This will start execution of the | oaded program from
the specified starting address.
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page 132,55,0,0,0

opt cex, nex, nu

BOOT equ $D00000 ; this is the location in P nmenory
; on the external nenory bus
; where the external byte-w de
; EPROMis |ocated
AARV equ $D00409 ; AARL selects the EPROM as CE~
; mapped as P from $D00000 to
; $DFFFFF, active |ow

PROVADDR equ $FF1000 ; Starting PROM address
MA EQU 0
MB EQU 1
MC EQU 2
MD EQU 3

M AAR1 EQU $FFFFF8 ; Address Attribute Register 1
M OGDB EQU $FFFFFC ; OnCE CGDB Regi ster
M HPCR EQU $FFFFC4 ; Host Polarity Control Register
M HSR EQU $FFFFC3 ; Host Status Register
M HORX EQU $FFFFC6 ; Host Receive Register
HRDF EQU $0 ; Host Receive Data Full
HFO EQU $3 ; Host Flag O
HEN EQU $6 ; Host Enabl e
M HRX  EQU $FFFF94 ; SH Receive FIFO
M HCSR EQU $FFFFO1 ; SHI Control/Status Regi ster
M HCKR EQU $FFFFO0 ; SHI C ock Control Register
HRNE EQU 17 ; SHI FIFO Not Enpty flag
H 2C EQU 1 ; SH 12C Enable Control Bit
HCKFR  EQU 4 ; SHI 12C O ock Freeze Control Bit
HFMD EQU 12 ; SH 12C Filter Mdde Bit 0
HFML EQU 13 ; SH 12C Filter Mbde Bit 1
ORG PL: $f f 0000, PL: $f f 0000 ; bootstrap code starts at $ff0000

START

nmovep #$0, X: M_OGDB ; enable OnCE
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nop ; 5 NOP instructions, needed for test procedure
nop

nop

nop

nop

clr a #%0,r5 ; clear a and init RS with O

j set #ND, onr, OVRLXXX ;I f MDD MC: MB: MA=1xxX go to OVRIXXX

j set #MC, onr, SH LD ; |f MD: MC: MB: MA=01xx, go |load from SH

jclr #MB, onr, EPROMLD ; |f MD: MC: MB: MA=0001, go | oad from EPROM

j set #MA onr, RESERVED ; |f ND: MC: MB: MA=0011, go to RESERVED

; This is the routine that junps to the internal Program ROM
; MD: MC: MB: MA=0010

nove #PROVADDR, r 1 ; store starting PROM address in rl

bra <FI NI SH

; This is the routine that |oads from SHI .
MD: MC: MB: MA=0100 - reserved for SH

; MD: MC: MB: MA=0101 - Bootstrap from SH (SPl sl ave)
VD MC
VD MC

: MB: MA=0110 - Bootstrap from SH (I12C slave, HCKFR=1, 100ns filter)
: MB: MA=0111 - Bootstrap from SH (12C slave, HCKFR=0)

SHI LD

; This is the routine which | oads a programthrough the SH port.

; The SH operates in the slave

; mode, with the 10-word FI FO enabl ed, and with the HREQ pin enabl ed for

; receive operation. The word size for transfer is 24 bits. The SH

; operates in the SPI or in the |2C node, according to the bootstrap node.

; The programis downl oaded according to the follow ng rules:

; 1) 3 bytes - Define the programlength.

; 2) 3 bytes - Define the address to which to start |oading the programto.
; 3) 3n bytes (while nis the programlength defined by the first 3 bytes)
; The program words will be stored in contiguous PRAM nenory | ocations
starting

; at the specified starting address.

; After storing the program words, program execution starts fromthe sane

; address where | oadi ng started.

nmove #$A9, r1 ; prepare SH control value inr1l

; HEN=1, HI 2C=0, HML- HMD=10, HCKFR=0, HFI FO=1, HMST=0,
;  HRQE1l- HRQEO=01, HI DLE=0, HBI E=0, HTI E=0, HRI E1- HRI EO=00

jelr #MA, onmr, SHI _CF ; I f MD:MC: MB: MA=01x0, go to SH
cl ock freeze
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shi _| oop

_LOOP2

SHI _

Thi s i
. MDD MC:

EPROMLD

jclr #MB, ont, shi _loop ; If MDD MC: MB: MA=0101, sel ect SPI node
bset #H 2C r1 ; otherw se sel ect |2C node.
novep ri, x: M HCSR ; enabl e SHI
jclr #HRNE, x: M_HCSR, * ; wait for no. of words
nmovep x: M _HRX, a0
jclr #HRNE, x: M_HCSR, * ; wait for starting address
nmovep x: M HRX, r0
nove ro,ri1
do a0, LOOP2
jelr #HRNE, x: M_HCSR, * ; wait for HRX not enpty
nmovep X: M _HRX, p: (r0) + ; store in Program RAM
nop ; reg. because of restriction
bra <FI NI SH
bset #H 2C r1 ; select |12C node.
bset #HCKFR, r 1 ; enable clock freeze in |2C node.
bset #HFMD, x: M_HCKR ; enabl e 100ns noise filter
bset #HFML, x: M_HCKR ; enabl e 100ns noise filter
jset  #MB, ont, shi _| oop ; |f MD:MC: MB: MA=0110, go to |12C I oad
bra <RESERVED ; I f MD: MC: MB: MA=0100, go to reserved

s the routine that | oads f

MB: MA=0001

nmove #BOOT, r 2
movep #AARV, X: M_AARL

rom ext ernal EPROM

r2 address of external EPROM
aarl configured for SRAM types of access

do #6, LOOP9 ; read number of words and starting address
nmovem p: (r2) +, a2 ; CGet the 8 LSB fromext. P nmem
asr #8,a, a ; Shift 8 bit data into Al
_LOooP9 ;
nmove al,rO0 ; starting address for |oad
nove al,rl ; save it inrl
; a0 holds the nunber of words
do a0, _LOOP10 ; read program words
do #3, LOOP11 ; Each instruction has 3 bytes
nmovem p: (r2) +, a2 ; CGet the 8 LSB fromext. P nmem
asr #8,a, a ; Shift 8 bit data into Al
_LOOP11 ; Go get another byte.
nmovem al, p: (r0) + ; Store 24-bit result in P nmem
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nop ; pipeline del ay
_LOOP10 ; and go get another 24-bit word.
; Boot from EPROM done
bra <FI NI SH
OVRL XXX
jeclr #MC onr, BURN RESER ; |F MD: MC. MB: MA=101x, go to RESERVED
; | F MD: MC: MB: MA=1001, go to BURN
jclr #MB, onr, OVRLl SO ;| F MD: MC: MB: MA=110x, go to | ook for | SA/HC11
jclr #MA onr, | 8051HOSTLD ; | f MD: MC: MB: MA=1110, go | oad from 8051 Host
; If MD:MC: MB: MA=1111, go | oad from MC68302 Host

This is the routine which | oads a programthrough the HDI 08 host port

; The programis downl oaded fromthe host MCU with the follow ng rules:

; 1) 3 bytes - Define the programlength.

; 2) 3 bytes - Define the address to which to start |oading the programto.
3) 3n bytes (while n is the programlength defined by the 3 first bytes)

; The program words will be stored in contiguous PRAM nenory | ocations
starting

; at the specified starting address.

; After reading the program words, program execution starts fromthe sane

; address where | oadi ng started.

; The host MCU nmay terninate the | oading process by setting the HF1=0 and
HFO=1.

; When the downl oading is termnated, the programw || start execution of the
; loaded program fromthe specified starting address.

; The HDI 08 boot ROM programenabl es the fol |l owi ng busses t o downl oad prograns

; through the HDI 08 port:

7 C- 1SA - Dual strobes non-nultiplexed bus with negative strobe
; pul ses dual positive request

;7 D- HC11 - Single strobe non-nultiplexed bus with positive strobe
; pul se single negative request.

; E - 18051 - Dual strobes multiplexed bus with negative strobe pul ses
; dual negative request.

;  F - MC68302 - Single strobe non-nultiplexed bus with negative strobe

pul se single negative request.

MC68302HOSTLD
novep #%6000000000111000, x: M_HPCR

; Configure the followi ng conditions:

; HAP = 0 Negative host acknow edge
; HRP = 0 Negative host request
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; HCSP = 0 Negatice chip select input

; HDDS = 0 Single strobe bus (R'W- and DS)
; HVUX = 0 Non nultipl exed bus

; HASP = 0 (address strobe polarity has no

; meani ng i n non-nul tipl exed bus)
; HDSP = 0 Negative data stobes polarity
; HROD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to 0 for
; future conpatability
; HEN = 0 When the HPCR register is nodified
; HEN shoul d be cl eared

; HAEN = 1 Host acknow edge is enabl ed

; HREN = 1 Host requests are enabl ed

; HCSEN = 1 Host chip select input enabled
; HA9EN = O (address 9 enable bit has no

; meani ng i n non-mul tipl exed bus)
; HABEN = O (address 8 enable bit has no

; meani ng i n non-mul tipl exed bus)
; HGEN = 0 Host GPI O pins are disabled

bra <HDI 08CONT
OVR1I SO

j set #MA, onr, HC11HOSTLD ; If NMD: MC: MB: MA=1101, go | oad fromHC11 Host
; I f NMD:MC: MB: MA=1100, go | oad from | SA HOST

| SAHOSTLD
novep #9%©101000000011000, x: M_HPCR

; Configure the followi ng conditions:

; HAP = 0 Negative host acknow edge

; HRP =1 Positive host request

; HCSP = 0 Negatice chip select input

; HDDS = 1 Dual strobes bus (RD and WR)

; HMUX = 0 Non nultiplexed bus

; HASP = 0 (address strobe polarity has no

; meani ng i n non-mul tipl exed bus)
; HDSP = 0 Negative data stobes polarity
; HROD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to 0 for
; future conpatability
; HEN = 0 When the HPCR register 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 enabled
; HA9EN = O (address 9 enable bit has no

; meani ng i n non-mul tipl exed bus)
; HABEN = O (address 8 enable bit has no
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; meani ng non-mul ti pl exed bus)
; HGEN = 0 Host GPI O pins are disabled

bra <HDI 08CONT
HC11HGOSTLD
nmovep #%9©000001000011000, x: M_HPCR

; Configure the followi ng conditions:
; HAP = 0 Negative host acknow edge

; HRP = 0 Negative host request

; HCSP = 0 Negatice chip select input

; HDDS = 0 Single strobe bus (R'W and DS)
; HMUX = 0 Non nultipl exed bus

; HASP = 0 (address strobe polarity has no
; meani ng i n non-mul tipl exed bus)
; HDSP = 1 Negative data stobes polarity

; HROD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to 0 for
; future conpatability
; HEN = 0 When the HPCR register 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 enabled
; HA9EN = O (address 9 enable bit has no
; meani ng i n non-mul tipl exed bus)
; HABEN = O (address 8 enable bit has no
; meani ng i n non-mul tipl exed bus)
; HGEN = 0 Host GPI O pins are disabled
bra <HDI 08CONT
| 8051HOSTLD

novep #%©001110000011110, x: M_HPCR

; Configure the followi ng conditions:

; HAP = 0 Negative host acknow edge

; HRP = 0 Negatice host request

; HCSP = 0 Negatice chip select input

; HDDS = 1 Dual strobes bus (RD and WR)
; HMUX =1 Multiplexed bus

; HASP =1 Positive address strobe polarity
; HDSP = 0 Negative data stobes polarity
; HROD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to 0 for
; future conpatability
; HEN = 0 When the HPCR register is nodified
; HEN shoul d be cl eared
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; HAEN = 0 Host acknow edge is disabl ed
; HREN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip select input enabled
; HA9EN = 1 Enabl e address 9 input
; HABEN = 1 Enabl e address 8 input
; HGEN = 0 Host GPI O pins are disabled
HDI 08 CONT
bset #HEN, x: M_HPCR ; Enable the HDI 08 to operate as host
; interface (set HEN=1)
jelr #HRDF, x: M_HSR, * ; wait for the programlength to be
; written
novep x: M_HORX, a0
jelr #HRDF, x: M_HSR, * ; wait for the programstarting address

; to be witten

nmovep X: M_HORX, r0

nove ro,ri
do a0, HDI 08LOCP ; set a loop with the downl oaded | ength
HDI 08LL
j set #HRDF, x: M_HSR, HDI 08NW  ; If new word was | oaded then junp to

; read that word
; If HFO=0 then continue with the
; downl oadi ng

jclr #HFO, x: M_HSR, HDI 08LL

enddo ; Must terminate the do | oop
bra <HDI 08LOOP
HDI 08NwW
movep x: M HORX, p: (r0) + ; Move the newword into its destination
; location in the program RAM
nop ; pipeline del ay
HDI 08LOCP

; This is the exit handler that returns execution to normal
; expanded node and junps to the RESET vector.

FI' NI SH
andi #$0, ccr ; Cear CCR as if RESET to O.
jmp (r1) ; Then go to starting Prog addr.
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;. MD: MC: MB: MA=1001 is used for Burn-in code

BURN_RESER

jclr #MB, onr, BURN ;| F MD: MC: MB: MA=1001, go to BURN

; The follow ng nodes are reserved, sone of which are used for internal

testing

;. MD: MC: MB: MA=0011 i s reserved
;. MD: MC: MB: MA=1010 i s reserved
;. MD: MC: MB: MA=1011 i s reserved

RESERVED

bra

; Code for burn-in

SCKT  EQU
EQUALDATA

i f
start _dram
I engt h_dram
el se
start_xram
| engt h_xram
start_yram
| engt h_yram
endi f

start_pram
| engt h_pram

BURN

$FFFFBF ;; Port C GPIO Control Register
$FFFFBD ;; Port C GPIO Data Register

$FFFFBE ;; Port C Direction Register

$3 ;; SCKT is GPlO bit #3 in ESAl (Port Q)
equ 1 ;7 1 if xramand yram are of equal

i, Size and addresses, 0 otherw se.

( EQUALDATA)

equ 0 ;7 5.5k X and Y RAM
equ $1600 ;; sane addresses
equ 0 ;7 5.5k XRAM

equ $1600

equ 0 ;7 5.5k YRAM

equ $1600

equ 0 i, 3k PRAM

equ $C00

;; get PATTERN pointer
clr b #PATTERNS, r6 ;; bis the error accunul ator
nmove #<(NUM_PATTERNS- 1), n6 ;; programruns forever in
;; cyclic form

MOTOROLA
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;; configure SCKT as gpi o output.

novep b, x: M_PDRC ;; clear GPIO data register
bel r #SCKT, x: M_PCRC ;; Define SCKT as out put GPlI O pin
bset #SCKT, x: M_PRRC ;; SCKT toggl es neans test pass
;; rb5 =test fail flag = $000000
| ua (r5-,r7 7, r7 = test pass flag = $FFFFFF
burni n_| oop
do #9, burnl
;, test RAM
;; each pass checks 1 pattern
nmove p: (r6)+, x1 ;; pattern for x menory
nmove p: (r6)+, x0 ;; pattern for y menory
nmove p: (r6)+,y0 ;; pattern for p menory
;; wite pattern to all nenory |ocations
i f ( EQUALDATA) 7, xly ramsymetri cal
7, wite x and y menory
clr a #start_dramrO ;; start of x/y ram
nmove #>| engt h_dram nO ;; length of x/y ram
rep n0
mac x0,x1,a x,1:(r0)+ ;; exercise mac, wite x/y ram
el se 7, x/y ramnot synmetrica
7, Wite x menory
clr a #start_xramrO ;; start of xram
nmove #>| engt h_xram n0 ;; length of xram
rep no0
mac x0,y0,a x1,x:(r0)+ ;; exercise mac, wite xram
7, Wite y menory
clr a #start_yramrl ;; start of yram
nmove #>| engt h_yram nl ;; length of yram
rep nl
mac x1,y0,a x0,y:(r1)+ ;; exercise mac, wite yram
endi f
7, wWite p menory
clr a #start_pramr?2 ;; start of pram
nmove #>| engt h_pram n2 ;; length of pram
rep n2
nmove y0, p: (r2)+ 7, wite pram

;; check menory contents
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_l oopd

_l oopx

_| oopy

_l oopp

el se

endi f

( EQUALDATA)

;7 check dram
clr a #start_dramrO

do no, | oopd
nove x:(r0),al
eor X1, a

add a, b

nove y:(r0)+, al
eor X0, a

add a, b

;; check xram
clr a #start _xramrO

do n0O, _| oopx
nmove x:(r0)+, al
eor x1, a

add a, b

;; check yram
clr a #start_yramrl

do nl, | oopy
nmove y:(rl)+, al
eor x0, a

add a, b

;; check pram
clr a #start_pramr?2

do n2, | oopp
nmove p: (r2)+, al
eor y0, a

add a, b

;; toggle pinif no errors,

o i f error
t ne r5r7

in case of shortage

movep r7,x: M OGDB

x/l'y ram symmetri cal

restore pointer, clear a
a0=a2=0

accunmul ate error in b
a0=a2=0

accunmul ate error in b

x/y ram not synmetrica

restore pointer, clear a
a0=a2=0

accunul ate error in b

restore pointer, clear a
a0=a2=0

accunul ate error in b

restore pointer, clear a
a0=a2=0

accunul ate error in b

r 7=$FFFFFF as | ong as test pass

condition codes preserved

this instr can be renopved

wite pass/fail flag to OnCE

condition codes preserved

this instr can be renopved

MOTOROLA
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in case of shortage

beq | abel 1
bel r #SCKT, x: M_PDRC ;; clear SCKT if error,
enddo ;; termnate the [ oop nornally

;7 this instr can be renoved
in case of shortage

bra <burnl ;; and stop execution
| abel 1 7, 1f no error
bchg #SCKT, x: M_PDRC ;; toggle pin and keep on | oopi ng
burnl ;; test conpletion
debug ;; enter debug node if OnCE

port enabl ed
;; this instr can be renpoved
in case of shortage

wai t ;; enter wait otherw se (OnCE
port di sabl ed)
BURN_END
ORG PL:, PL:
PATTERNS dsm 4 ;; align for correct nodul o

addr essi ng

ORG PL: BURN_END, PL: BURN_END

dup PATTERNS- * ; Wite address in unused
Boot ROM | ocati on
dc *
endm
ORG PL: PATTERNS, PL: PATTERNS ;; Each value is witten to
all nenories
dc $555555
dc $AAAAAA
dc $333333
dc $FOFOFO
NUM PATTERNS equ * - PATTERNS

This code fills the unused bootstrap romlocations with their address

dup $FF0O0CO- *
dc *
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endm

; Reserved Area in the Program ROM upper 128 words.
; Address range: $FF8780 - $FF87FF

ORG PL: $FF8780, PL: $FF8780
; This code fills the unused rom | ocations with their address

dup $FF8800- $14-*
dc *
endm

; Code segnment for testing of ROM Patch
; This code segnent is |ocated in the uppernpst addresses of the Program ROM

ORG PL: $FF8800- $14, PL: $FF8800- $14

nove #$80000, r0
nove #$0, x0

nmove x0, x: (r0) +
nmove #$1, x0
nmove x0, x: (r0) +
nmove #$2, x0
nmove x0, x: (r0) +
nmove #$3, x0
nmove x0, x: (r0) +
nmove #$4, x0
nmove x0, x: (r0) +
nmove #$5, x0
nmove x0, x: (r0) +
nmove #$6, x0
nmove x0, x: (r0) +
nmove #$7, x0
nmove x0, x: (r0) +
nmove #$8, x0
nmove x0, x: (r0) +
end
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APPENDIX B
EQUATES

fhkkkkkhkhkkhhkhkhkhkhhk kb hkkdkhkhkhkkhkhdhkhhkhkhhkhkhhhkdhkhkhhhhdrdhhkdhhkhhrhhhkddrkhhrkhdrkrdhrdrxdhxx
’

: EQUATES for DSP56362 interrupts

: Last update: April 24, 2000

IR EEEE S SR SRS ESES RS S S S SRS RS SRS SRS SRR EEERE S SRS SRS SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
page 132,55,0,0,0
opt nex
intequ ident 1,0
if @EF(1 _VEQ)
;1 eave user definition as is.

el se

; Non- Maskabl e interrupts

| _RESET EQUJ |_VEC+$00 ; Hardware RESET

|_STACK EQU | _VEGCH$02 ; Stack Error

| ILL EQJ | _VEC+$04 ; Illegal Instruction
| _IINST EQU |_VEC+$04 ; Illegal Instruction
| _DBG EQU |_VEC+$06 ; Debug Request

| TRAP EQ | _VEG+$08 ; Trap
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I _NM EQJU | _VEG+$0A ; Non Maskabl e | nterrupt

; Interrupt Request Pins

|_IRQA EQU |_VEC+$10 ; IRQA
| IR®B EQ |_VEC+$12 ; IR®B
| IRC EQ |_\VEG+$14 ; IRL
| IR(D EQ |_VEGH$16 ; IRD

; DMA Interrupts

|_DVAO EQU |_VEGH$18 ; DWVA Channel O
|_DVAl EQU |_VEGH$1A ; DVA Channel 1
| _DMR2 EQ |_VEGH$1C ; DWA Channel 2
| _DMA3 EQ | _VEGH$1E ; DWA Channel 3
| DM EQJ | _VEC+$20 ; DVA Channel 4
|_DVA5 EQU |_VEGH$22 ; DVA Channel 5

; DAX Interrupts

| _DAXTUE EQU | _VEC+$28 ; DAX Underrun Error

| _DAXBLK EQU | _VEC+$2A ; DAX Block Transferred
|_DAXTD EQJ |_VEC+$2E ; DAX Audio Data Enpty

; ESAl Interrupts
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| ESNRD EQ | _VEC+$30 ; ESAl Receive Data

| _ ESARED EQU |_VEG+$32 ; ESAl Receive Even Data

|_ESARDE EQU |_VECt+$34 ; ESAl Receive Data Wth Exception Status
| ESARS EQ |_VEC+$36 ; ESAl Receive Last S ot

| ESNTD EQ | _VEC+$38 ; ESAl Transnit Data

| _ESATED EQJ |_VEG+$3A ; ESAl Transmt Even Data
|_ESAITDE EQJ | _VEG+$3C ; ESAl Transnmit Data Wth Exception Status
|_ ESAITLS EQU |_VECGH$3E ; ESAl Transnmit Last S ot

; SH Interrupts

|_SHTD EQU |_VEC*$40 ; SH Transmt Data

| SHTUE EQ |_VECGH$42 ; SH Transnmt Underrun Error
|_SHR\NE EQU |_VEC+$44 ; SH Receive FIFO Not Enpty
|_SHRFF EQ |_VEC+$48 ; SH Receive FIFO Ful |

I_ SHRCE EQ |_VEC+t$4A ; SH Receive Overrun Error

| _SH BER EQU | _VEC+$4C ; SH Bus Error

; Timer Interrupts

I_TITMC EQU |_VEC+$54 ; TIMER O conpare
I_TIMCOF EQU | _VECH$56 ; TIMER O overfl ow
| _ TTMC EQ | _VEC+$58 ; TIMER 1 conpare
|_TIMCOF EQU | _VECH$5A ; TIMER 1 overfl ow
I_TIMC EQU | _VECH$5C ; TIMER 2 conpare

| _TIMCF EQU | _VEG+$5E ; TIMER 2 overflow
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; HDIO8 Interrupts

I_HO8RX EQU | _VEG+$60 ; Host Receive Data Full
|_HO8TX EQU |_VEG+$62 ; Host Transmt Data Enpty

| HOBOMEQU | _VEC+$64 ; Host Command (Defaul t)

| _INTEND EQU | _VEC+$FF ; last address of interrupt vector space

LR EEE T T end of intequ.asm------------------------

IEE RS S EEEE S E E S EEEE EEEEEEEEE S EE E S EEEEEEEE S EEEEEEEEEEEEE SRR EEEEEE R EEEEEEE RS
’

; EQUATES for DSP56362 |/ O registers and ports

: Last update: April 24, 2000

IR S S E S S SRS S SRS S S S S SRR SRR EEEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRS S
page 132,55,0,0,0
opt nmex

ioequ ident 1,0

; EQUATES for |1/0O Port Programm ng

; Regi st er Addresses

M HDR EQU $FFFFCO ; Host port GPlOdata Register
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M HDDR
M PCRC
M PRRC
M PDRC
M PCRD
M PRRD
M PDRD

M CGDB

M | PRC

M | PRP

M 1AL
M | ALO
M I AL1
M1 AL2
M I BL
M | BLO
M I BL1
M | BL2
MICL

M | CLO

EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ

$FFFFCB
$FFFFBF
$FFFFBE
$FFFFBD
S$FFFFD7
$FFFFD6
$FFFFD6

$FFFFFC

Host port GPIO direction Register
Port C Control Register

Port C Drection Register

Port C @GPl O Data Regi ster

Port D Control register

Port D Drection Data Register
Port D G°l O Data Register

CE (DB Regi st er

EQUATES for Exception Processing

Regi st er Addresses

EQJ
EQJ

SFFFFFF

$FFFFFE

Interrupt Priority Register Core

Interrupt Priority Register Peripheral

Interrupt Priority Register Core (I1PRO

EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ

$7

0

$100

| RQA Mbde Mask

| RQA Mbde Interrupt Priority Level (1ow
| RQA Mbde Interrupt Priority Level (high)
| RQA Mbde Trigger Mode

| RB Mbde Mask

| RB Mdde Interrupt Priority Level (low
| RB Mbde Interrupt Priority Level (high)
| RGB Mbde Trigger Mde

| RQC Mbde Mask

| RQC Mode Interrupt Priority Level (low)

MOTOROLA
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MICl EQ 7 ; |RQC Mbde Interrupt Priority Level (high)
MIC2 EQ 8 ; | RQC Mbde Trigger Mode

MIDL  EQ $E00 : 1 RQD Mode Mask

MIDLO EQJ 9 ; |RQD Mbde Interrupt Priority Level (Ilow
MIDL1 EQ 10 ; |RQD Mbde Interrupt Priority Level (high)
MIDL2 EQ 11 ; | RQD Mbde Trigger Mde

M DOL EQU $3000 ; DMAO Interrupt priority Level Mask

M DOLO EQ 12 ; DMMO Interrupt Priority Level (low
MDOLL EQ 13 ; DMMO Interrupt Priority Level (high)

M D1L EQU $Q000 ; DVAL Interrupt Priority Level Mask
MDILO EQJ 14 ; DMAL Interrupt Priority Level (1ow
MDIL1 EQJ 15 ; DMAL Interrupt Priority Level (high)

M D2L EQU $30000 ; DMA2 Interrupt priority Level Mask
MD2LO0O EQ 16 ; DMA2 Interrupt Priority Level (low
MD2L1 EQ 17 ; DMA2 Interrupt Priority Level (high)

M DBL EQU $00000 ; DMA3 Interrupt Priority Level Mask
MD3LO EQ 18 ; DMA3 Interrupt Priority Level (1ow
MD3L1I EQ 19 ; DMA3 Interrupt Priority Level (high)

M DAL EQU $300000 ; DMM Interrupt priority Level Mask
MDALO EQ 20 ; DMM Interrupt Priority Level (low
MDALL EQ 21 ; DMM Interrupt Priority Level (high)

M D5L EQU $000000 ; DVMAS Interrupt priority Level Mask
MD5LO EQU 22 ; DMAS Interrupt Priority Level (1ow
MD5L1 EQU 23 ; DMAS Interrupt Priority Level (high)

; Interrupt Priority Register Peripheral (IPRP)

M ESL EQU $3 ; ESAl Interrupt Priority Level Mask
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MESLO EQJ 0 ; ESAl Interrupt Priority Level (1ow
MESL1T EQJ 1 ; ESAl Interrupt Priority Level (high)
M SHL EQU $C ; SH Interrupt Priority Level Mask
MSHO EQ 2 ; SH Interrupt Priority Level (low
MSH1 EQ 3 ; SH Interrupt Priority Level (high)
M HDL EQU $30 ; HDIO8 Interrupt Priority Level Mask
MHLO EQ 4 ; HOO8 Interrupt Priority Level (Iow
MHL1 EQ 5 ; HOO8 Interrupt Priority Level (high)
M DAL EQU $Q0 ; DAX Interrupt Priority Level MNask
MDALO EQJ 6 ; DX Interrupt Priority Level (low
MDALL EQJ 7 ; DA Interrupt Priority Level (high)
MTAL EQU $300 ;Timer Interrupt Priority Level Mask
MTALO EQJ 8 ;Timer Interrupt Priority Level (Iow
MTALL EQJ 9 ;Timer Interrupt Priority Level (high)
; EQUATES for Direct Menmory Access (DWA)

: Regi ster Addresses O DVA

MDSTR EQ $FFFFF4 ; DMA Status Register

MDORO EQU $FFFFF3 ; DVMA OFfset Register

MDORL EQ $FFFFF2 ; DMA Offset Register

MDOR2 EQ $FFFFFL ; DMA Offset Register

MDOR3 EQU $FFFFFO ; DMA Ofset Register

: Regi ster Addresses O DVAO
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M DSRO
M DDRO
M DOOD

M DCRO

M DSRL
M DDRL
M DOCL

M DORL

M DSR2
M DDR2
M DOCR

M DCR2

M DSR3
M DDR3
M DOCB

M DCR3

M DSR4
M DDR4
M DOO4

M DOR4

M DSR5

EQJ
EQJ
EQJ
EQJ
Regi st er
EQJ
EQJ
EQJ
EQJ
Regi st er
EQJ
EQJ
EQJ
EQJ

Regi st er
EQJ
EQJ
EQJ
EQJ

Regi st er
EQJ
EQJ
EQJ
EQJ

Regi st er

EQJ

SFFFFEF
$FFFFEE
$FFFFED

$FFFFEC

Addresses O DVAL

SFFFFEB
SFFFFEA
$FFFFE9

$FFFFES

Addresses O DvVA2

SFFFFE7
$FFFFES
$FFFFES

SFFFFE4

Addresses O DVA3

$FFFFE3
$FFFFE2
$FFFFEL
$FFFFEO
Addr esses
$FFFFDF
$FFFFDE
$FFFFDD

$FFFFDC

Addresses O DVAS

$FFFFDB

Sour ce Address Regi ster
Destination Address Register
Count er

Gontrol Regi ster

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Gontrol Regi ster

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Gontrol Regi ster

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Gontrol Regi ster

Sour ce Address Regi ster
Destination Address Regi ster
Count er

Control Register

Sour ce Address Regi ster
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M DDRS
M DOCB

M DORS

M DSS
M DSSO
M DSSL
M DDS

M DDSO
M DDSL
M DAM

M DAMD
M DAML
M DAMVR
M DAMB
M DAM!
M DAVG
M D3D

M DRS

M DRSO
M DRSL
M DRS2
M DRS3
M DRS4
M DOON

M DPR

EQJ
EQJ
EQJ

SFFFFDA
$FFFFDO

$FFFFD8

DVA Gontrol Regi ster

EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ
EQJ

EQJ

$3
0
1

$C

10
$F800
11
12
13
14
15
16

$60000

DVAS5 Desti nation

DVA5 Count er

Address Regi ster

DVA5 Control Register

DVA Source Space

Mask (DSSO- Dss1)

DVA Source Menory space 0

DVA Source Menory space 1

DVA Destinati on Space Mask (DDS-DDS1)

DVA Destination Mermory Space 0O

DVA Destinati on Mermory Space 1

DVA Address Mdde

DVA Address Mdde

DVA Address Mdde

DVA Addr ess Mode

DVA Addr ess Mode

DVA Addr ess Mode

DVA Address Mde

Mask ( DAVG- DAMD)
0

1

4

5

DVA Three D nensi onal Mbde

DVA Request Source Mask (DRSO- DR34)

; DVA Request Source bit 0

; DVA Request Source bit 1

; DVA Request Source bit 2

; DVA Request Source bit 3

; DVA Request Source bit 4

DVA Conti nuous Mdde

DVA Channel Priority
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MDPRO EQ 17 ; DMA Channel Priority Level (low
MDPRL EQJ 18 ; DMA Channel Priority Level (high)
M DTM EQU $380000 ; DMA Transfer Mbde Mask (DTM2- DTMD)
M DTMD EQU 19 : DVA Transfer Mbde 0O

MDIML EQ 20 ; DVA Transfer Mde 1

MDIM  EQU 21 ; DVA Transfer Mde 2

MD E EQU 22 ; DMA Interrupt Enable bit

M DE EQU 23 ;. DMA Channel Enabl e bit

: DVA Status Register

M DTD EQU $3F ; Channel Transfer Done Status MASK ( DICO- DTD5)
MDIDO EQU 0 ; DVA Channel Transfer Done Status 0
MDIDL EQ 1 ; DVA Channel Transfer Done Status 1
MDID2 EQ 2 ; DVA Channel Transfer Done Status 2
M DTC3 EQU 3 : DMA Channel Transfer Done Status 3
M DTDA4 EQU 4 : DMA Channel Transfer Done Status 4
M DTDb EQU 5 : DMA Channel Transfer Done Status 5
MDACT EQU 8 ; DVA Active State

M DCH EQU $EO00 ; DMA Active Channel Mask (DCHO- DOHR)
MDCHO EQU 9 ; DVA Active Channel 0

M DCHL EQU 10 : DMA Active Channel 1

M DOH2 EQU 11 : DMA Active Channel 2

; EQUATES for Phase Locked Loop (PLL)

: Regi ster Addresses O PLL
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MPCTL EQJ $FFFFFD ; PLL Control Register

: PLL Gontrol Register

M M- EQU $FFF ; Miltiplication Factor Bits Mask (M-0- MF11)
M MO EQU O ;Miultiplication Factor bhit O

M MF1 EQU 1 ;Miultiplication Factor bit 1

M MF2 EQU 2 ;Miultiplication Factor bit 2

M MF3 EQU 3 ;Miultiplication Factor bit 3

M M4 EQU 4 ;Miultiplication Factor hit 4

M M5 EQU 5 ;Miultiplication Factor bit 5

M M6 EQU 6 ;Miultiplication Factor bit 6

M M7 EQU 7 ;Miultiplication Factor bit 7

M M-8 EQU 8 ;Miultiplication Factor bit 8

M MF9 EQU 9 ;Miultiplication Factor bit 9

M MF10 EQU 10 ;Multiplication Factor bit 10
M MF11 EQU 11 ;Miultiplication Factor bit 11
M DF EQU $7000 ; Dvision Factor Bits Mask (DFO-DF2)
M DFO EQU 12 ;Dvision Factor bit O

M DF1 EQU 13 ;Dvision Factor bit 1

M DF2 EQU 14 ;Dvision Factor bit 2

MXTLR EQJ 15 ; XTAL Range sel ect bit

MXTLD EQJ 16 : XTAL D sable Bit

MPSTP EQJ 17 ; STCP Processing State Bit

M PEN EQU 18 ; PLL Enable Bi t

MQOQD EQ 19 ; PLL A ock Qutput D sable Bit

M PD EQU $F00000 ; PreDivider Factor Bits Mask (PDO-PD3)
M _PDO EQU 20 :PreDivider Factor bit 0O
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MPDL  EQU
MPD2  EQ
MPD3  EQ

; EQUATES for Bl U

: Regi ster Addresses O Bl U

;PreDvider Factor bit 1
:PreDivider Factor bit 2

:PreDivider Factor bit 3

M BCR EQU $FFFFFB ; Bus Control Register

M DCR EQU $FFFFFA ; DRAM Control Regi ster

MAARD EQ $FFFFFO ; Address Attribute Register O

MAARL EQU $FFFFF8 ; Address Attribute Register 1

MAAR2 EQU $FFFFF7 ; Address Attribute Register 2

MAAR3 EQ $FFFFF6 ; Address Attribute Register 3

M I DR EQU $FFFFFS ; I D Register

; Bus Gontrol Register

M BAOW EQU $1F ; Area 0 Wit Control Mask (BAOVYD- BAOW)
MBAOW EQU O ;Area 0 Wit Control Bit O

M BAOWL EQU 1 :Area 0 Vit Control Bit 1

M BAOW2 EQU 2 :Area 0 Vit Control Bit 2

M BAOVB EQU 3 :Area 0 Vit Control Bit 3

MBAOW EQU 4 ;Area 0 Wit Control Bit 4

M BAIW EQU $3E0 ; Area 1 Wit Control Mask (BA1VD- BA14)
MBAIW EQU 5 ;Area 1 Wit Control Bit O

MBAIWL EQU 6 ;Area 1 Wit Gontrol Bit 1

M BA1W2 EQU 7 :Area 1 Wit Control Bit 2
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MBAIVB EQU 8
MBAIW EQU 9

M BA2W  EQJ $1C00
MBAW EQU 10
MBARW  EQU 11
MBAR2W  EQU 12

M BASW  EQJ $EO00
MBA3W EQU 13
MBA3WL EQU 14
MBA3WR EQU 15

M BDFW EQJ $1F0000
MBDFW)  EQU 16
MBDFW  EQU 17
MBDRWR2  EQU 18
M BDFVB  EQU 19
M BDFWM  EQU 20

M BBS EQU 21

M BLH EQU 22

M BRH EQU 23

: DRAM Control Register
MBCW  EQJ $3

M BOW EQU 0
MBOWM  EQJ 1
MBRW  EQJ $C

M BRW EQU 2

M BRM EQU 3

;Area 1 Vit Control Bit 3

:Area 1 Wit Control Bit 4

Area 2 Wit Control Mask (BA2VD- BA2\2)
:Area 2 Wit Gontrol Bit O
;Area 2 Vit Control Bit 1
;Area 2 Vit Control Bit 2

Area 3 Vit Control Mask (BA3WD- BA3VB)
:Area 3 Wit Gontrol Bit O
:Area 3 Wit Gontrol Bit 1
:Area 3 Wit Control Bit 2

Default Area WAit Control Mask (BDRVD- BDFWM)
;Default Area Vit Control bit O
;Default Area V@it Control bit 1
:Default Area Wit Control bit 2
:Default Area Wit Control bit 3
Default Area Vit Control bit 4

Bus State

Bus Lock Hold

Bus Request Hold

In Page Vbit States Bits Mask (BCOM-BOAL)
In Page Vit States Bit O
In Page Vit States Bit 1

Qut O Page Wit States Bits Mask ( BRM- BRAL)

;Qut of Page Wit States bit O

Qut of Page Wit States bit 1

MOTOROLA
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MBPS EQ $300 : DRAM Page Size Bits Mask (BPSO- BPSL)

M BPSO EQU 4 ; DRAM Page Size Bits 0O

M BPS1 EQU 5 ; DRAM Page Size Bits 1

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 BRFO EQU 15 Refresh Rate Bit 0

M BRF1 EQU 16 Refresh Rate Bit 1

M BRF2 EQU 17 Refresh Rate Bit 2

M BRF3 EQU 18 Refresh Rate Bit 3

M BRF4 EQU 19 Refresh Rate Bit 4

M BRF5 EQU 20 Refresh Rate Bit 5

M BRF6 EQU 21 Refresh Rate Bit 6

M BRF7 EQU 22 Refresh Rate Bit 7

M BRP EQU 23 ; Refresh prescal er

; Address Attribute Registers

M BAT EQU $3 ; External Access Type and Pin Definition Bits Msk
( BATO- BAT1)

M BATO EQU 0 ; External Access Type and Pin Definition Bits O
M BAT1 EQU 1 ; External Access Type and Pin Definition Bits 1
M BAAP  EQU 2 ; Address Attribute Pin Polarity

MBPEN EQJ 3 ; Program Space Enabl e

MBXEN EQ 4 ; X Data Space Enabl e

MBYEN EQJ 5 ; Y Data Space Enabl e

M BAM EQU 6 ; Address Mixing
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MBPAC EQ 7 ; Packi ng Enabl e

M BNC EQU $F00 ; Nurmber of Address Bits to Conpare Mask (BNOO- BNC3)
M BNQO EQU 8 ; Nunber of Address Bits to Conpare O

M BNCL EQU 9 ; Nunber of Address Bits to Conpare 1

M BNC2 EQU 10 ; Nunber of Address Bits to Conpare 2

M BNC3 EQU 11 ; Nunber of Address Bits to Conpare 3

M BAC EQU $FFFO00 ; Address to Conpare Bits Mask (BACD- BACL1)
M BAQD EQU 12 ; Address to Conpare Bits O

M BACL EQU 13 ; Address to Conpare Bits 1

M BAC2 EQU 14 ; Address to Conpare Bits 2

M BAC3 EQU 15 ; Address to Conpare Bits 3

M BACA EQU 16 ; Address to Conpare Bits 4

M BACS EQU 17 ; Address to Conpare Bits 5

M BAGS EQU 18 ; Address to Conpare Bits 6

M BAC7 EQU 19 ; Address to Conpare Bits 7

M BAC3 EQU 20 ; Address to Conpare Bits 8

M BAC9 EQU 21 ; Address to Conpare Bits 9

M BAC10 EQU 22 ; Address to Conpare Bits 10

M BAC11 EQU 23 ; Address to Conpare Bits 11

: control and status bits in SR

MC EQU 0 ; CGarry

AV EQU 1 : Overfl ow

MZ EQU 2 ; Zero

M N EQU 3 ; Negative

M U EQU 4 ; Unnornal i zed

ME EQU 5 ; Extension

M L EQU 6 ©Limt
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MS EQU 7 ; Scaling Bit

MIO EQUJ 8 ; Interupt Mask Bit O

MI1 EQU 9 ; Interupt Mask Bit 1

M SO EQU 10 ; Scaling Mode Bit O

M S1 EQU 11 ; Scaling Mde Bit 1

M SC EQU 13 ; Sixteen_Bit Conpatibility

M DM EQU 14 ; Doubl e Precision Miltiply

M LF EQU 15 ; DO Loop Fl ag

M FV EQU 16 ; DO Forever Flag

M SA EQU 17 : Sixteen-Bit Arithnetic

M CE EQU 19 ; Instruction Cache Enabl e

M SM EQU 20 ; Arithnetic Saturation

M RV EQU 21 ; Roundi ng Mbde

M CP EQU $c00000 ; mask for CORE-DMVA priority bits in SR
M CPO EQU 22 ; bit O of priority bits in SR
M CP1 EQU 23 ; bit 1 of priority bits in SR

; control and status bits in QWR

M MA EQU 0 ; Qperating Mode A

M MB EQU 1 ; Qperating Mde B

M MC EQU 2 ; Qperating Mode C

M MD EQU 3 ; Qperating Mode D

M EBD EQU 4 . External Bus Disable bit in OWR

M SD EQU 6 ; Stop Del ay

M NMB EQU 7 ; Menory Swi tch Mbde

M CDP EQU $300 ; mask for OORE-DVA priority bits in OWR
MCDPO EQJ 8 ; bit O of priority bits in OWR Core DVA
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MCDPL EQ 9 ; bit 1 of priority bits in OWR Core DVA
M BE EQU 10 : Burst Enable

M TAS EQUJ 11 ; TA Synchroni ze Sel ect

M BRT EQUJ 12 ; Bus Rel ease Tining

MABE EQU 13 ; Async. Bus Arbitration Enabl e

MAPD EQU 14 ; Addess Priority D sable

MATE EQU 15 ; Address Traci ng Enabl e

M _XYS EQU 16 ; Stack Extension space select bit in OWR
M EUN EQU 17 ; Extended stack UNderflow flag in QWR
M EOV EQU 18 ; Extended stack Overflow flag in OWR

M WRP EQU 19 ; Extended WRaP flag in OWR

M SEN EQU 20 ; Stack Extension Enable bit in OWR

M PAEN EQ 23 ; Patch Enabl e

; EQUATES for DAX (SPDI F Tx)

; Regi st er Addresses

MXSTR EQ $FFFFDA ; DAX Status Register (XSTR

M XADRB EQJ $FFFFD3 ; DAX Audi o Data Regi ster B ( XADRB)
M XADR EQU $FFFFD2 ; DAX Audi o Data Register (XADR

M XADRA EQU $FFFFD2 : DAX Audi o Data Register A (XADRA)
M XNADR EQU $FFFFDL ; DAX Non- Audi o Data Regi ster (XNADR
MXCTR EQJ $FFFFDO ; DAX Control Register (XCTR

: status bits in XSTR
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M XADE EQJ 0 ; DAX Audi o Data Register Enpty (XADE)
M XAUR EQJ 1 ; DAX Trasnit Underrun Error Fl ag (XAUR
M XBLK EQJ 2 ; DAX Block Transferred (XBLK)

: non-audi o bits i n XNADR

M XVA EQU 10 ; DAX Channel A Validity (XVA)
M XUA EQU 11 ; DAX Channel A User Data (XUA)
M XCA EQU 12 ; DAX Channel A Channel Status (XCA)
M XVB EQU 13 ; DAX Channel B Validity (XvB)
M XUB EQU 14 ; DAX Channel B User Data ( XUB)
M XCB EQU 15 ; DAX Channel B Channel Status (XCB)

; control bhits in XCIR

MXDE EQ 0 ; DAX Audio Data Register Enpty Interrupt Enable (XD E)
MXUE EQ 1 ; DAX Underrun Error Interrupt Enable (XUE)

MXBIE EQJ 2 ; DAX Block Transferred Interrupt Enable (XBl E)
MXCS0 EQJ 3 ; DAX dock Input Select 0 (XC0)

MXCsl EQJ 4 ; DAX dock Input Select 1 (XCSl)

MXSB  EQU 5 : DAX Start Block (XSB)

: EQUATES for SH

; Regi st er Addresses

M HRX EQU $FFFF94 ; SH Receive FIFO (HRX)

M HTX EQU $FFFF93 ; SH Transnit Register (HTX)
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MHSAR EQJ
MHCSR EQJ
MHXKR EQJ
M HA6 EQU
M HAS EQU
M HAM EQU
M HA3 EQU
M HAL EQU
: control
M HBUSY EQJ
MHBER EQJ
MHRCE EQJ
MHRFF  EQ
MHNE EQ
MHIDE EQ
MHIUE EQJ
MHIEL EQJ
MHIEO EQJ
MHIE EQ
MHBIE EQ
MHDLE EQ
MHRGEL EQJ
MHRQEO EQJ
MHWT EQJ
MHIFO EQJ
M HOKFR  EQU

HSAR bits

$FFFF92
$FFFFO1

$FFFF0

23
22
21
20

18

and status bits in

22

21

20

19

17

15

14

13

12

11

10

%%%%%%%%%%%%%%%%%é%%%%%

2

2

2

| 2C Sl ave Address Regi ster (HSAR
Control / Status Regi ster (HCSR)

A ock Control Register (HCKR

| 2C Sl ave Address (HAG)
| 2C Sl ave Address (HA5)
| 2C Sl ave Address (HA4)
| 2C Sl ave Address (HA3)

| 2C Sl ave Address (HAL)

Host Busy (HBUSY)

Bus Error (HBER

Recei ve Overrun Error (HRCE)
Recei vr FI FO Ful | (HRFF)

Recei ve FIFO Not Enpty (HRNE)
Host Transnit data Enpty (HTDE)
Host Transnit Underrun Error (HTUE)
Recei ve Interrupt Enable (HR El)
Recei ve Interrupt Enabl e (HR EO)
Transmt Interrupt Enable (HTIE)
Bus-Error Interrupt Enable (HBIE)
Idle (HDLE)

Host Request Enabl e (HRCEL)

Host Request Enabl e (HRCEO)

Mast er Mbde (HVST)

FI FO Enabl e Control (HFI FO

d ock Freeze (HCKFR)

MOTOROLA
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M HWL EQU 3 ; Serial Host Interface Mbde (HWL)

M HVD EQUJ 2 ; Serial Host Interface Mbde (HW)

MH2C EQ 1 ; | 2¢c/ SPI Sel ection (H 20

2 2 2 2

M HEN EQU 0 ; Host Enabl e (HEN)
; control bits in HCKR

MHM EQ 13 : Filter Mdel (HFM)
MHM EQU 12 : Filter Mdel (HFEMD)
MHOW  EQJ 10 ; D vi der Mdul us Sel ect (HDW)
MHOM  EQ 9 ; Di vi der Modul us Sel ect (HDVB)
MHM EQU 8 ; Di vi der Modul us Sel ect (HDVb)
M HOM EQU 7 ; Di vi der Mddul us Sel ect (HDWH)
MHM  EQU 6 ; Di vi der Mbdul us Sel ect (HDVB)
MHOM  EQU 5 ; Di vi der Mddul us Sel ect (HDVR)
MHM  EQ 4 ; Di vi der Modul us Sel ect (HDML)
MHOM  EQ 3 ; Di vi der Mbdul us Sel ect (HDWD)
M HRS EQU 2 ; Prescal ar Rate Sel ect (HRS)

MCOPOL EQU 1 : Qock Polarity (CPQL)

T 2 2% 222 2ZE 2 g 2 2

MCPHA EQU 0 ; d ock Phase (CPHA)

: EQUATES for ESA

; Regi st er Addresses

MRSMB EQJ $FFFFBC ; ESAl Receive S ot Mask Register B (RSMB)
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MRSMA  EQU $FFFFBB ESAl Receive S ot Mask Register A (RSMN
MTSMB EQJ $FFFFBA ESAI Transmt Sl ot Mask Register B (TSMVB)
MTSMA  EQU $FFFFBO ESAI Transmt Sl ot Mask Register A (TSMY)
MROCR EQJ $FFFFB8 ESAl Receive dock Control Register (ROCR
M RCR EQU $FFFFB7 ESAl Receive Gontrol Register (RCR
MTOOR EQJ $FFFFB6 ESAl Transmit dock Control Register (TOCR
M TCR EQU $FFFFB5 ESAl Transmt Control Register (TOR
MSAICR EQ $FFFFBA ESAl Control Register (SAICR

M SAISR EQ $FFFFB3 ESAl Status Register (SA SR

M RX3 EQU $FFFFAB ESAI Receive Data Register 3 (RX3)

M RX2 EQU $FFFFAA ESAl Receive Data Register 2 (RX2)

M RX1 EQU $FFFFAQ ESAl Receive Data Register 1 (RX1)

M RX0 EQU $FFFFAS ESAl Receive Data Register 0 (RX0)

M TSR EQU $FFFFAG ESAl Tine Slot Register (TSR

M TX5 EQU $FFFFAS ESAl Transmt Data Register 5 (TX5)

M TX4 EQU $FFFFAA ESAl Transmt Data Register 4 (Tx4)

M TX3 EQU $FFFFA3 ESAl Transmit Data Register 3 (TX3)

M TX2 EQU $FFFFA2 ESAl Transnmit Data Register 2 (TX2)

M TX1 EQU $FFFFAL ESAl Transmit Data Register 1 (TX1)

M TXO EQU $FFFFAQ ESAI Transmt Data Register 0 (TX0)

: RSMB Regi ster bits

MRS31 EQ 15 ESA

MRS30 EQ 14 ESAI

MRS29 EQ 13 ESAI

MRS28 EQU 12 ESAI

MR27 EQ 11 ESA
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MRS26 EQ 10 . ESAl
MRS25 EQ 9 : ESAl
MRS24 EQ 8 : ESAl
MRS23 EQ 7 : ESAl
MRS22 EQ 6 . ESAl
MR21 EQ 5 . ESAl
MRS20 EQ 4 ; ESA
MRS19 EQ 3 : ESAl
MRS18 EQ 2 . ESAl
MRS17 EQ 1 : ESA
MRS16 EQ 0 . ESAl
; RSVA Regi ster bits

MRS15 EQ 15 . ESAl
MRS14 EQ 14 © ESA
MRS13 EQ 13 : ESAl
MRS12 EQ 12 : ESAl
MRS11 EQ 11 . ESAl
MRS1I0 EQ 10 . ESAl
MRS9  EQ 9 . ESAl
MRS8  EQ 8 : ESAl
M RS7 EQU 7 : ESA
MRS6  EQ 6 : ESAl
MRS5S — EQU 5 . ESAl
MRS4  EQ 4 ; ESA
MRS3  EQ 3 . ESAl
MR2  EQ 2 . ESAl
M RS1 EQU 1 : ESA
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MRSO  EQ 0 . ESA

: TSMB Regi ster bits

MTS31 EQ 15 ; ESA
MTS30 EQ 14 ; ESA
MTS29 EQU 13 ; ESA
MTS28 EQU 12 ; ESA
MTS27 EQU 11 ; ESA
MTS26 EQU 10 ; ESA
MTS25 EQU 9 ; ESA
MTS24 EQ 8 ; BESA
MTS23 EQU 7 ; ESA
MTS22 EQU 6 ; ESA
MTS21  EQU 5 ; ESA
MTS20 EQU 4 ;. ESA
MTS19 EQ 3 ; ESA
MTSI8 EQ 2 ; ESA
MTSL7 EQ 1 ; ESA
MTS16 EQ 0 ; ESA
; TSMA Regi ster bits

MTSI5 EQ 15 ; ESA
MTS14 EQ 14 ; ESA
MTSI3 EQ 13 ; ESA
MTS12 EQ 12 ; ESA
MTSI1 EQ 11 ; ESA
MTSI0 EQ 10 ; ESA
M TS9 EQU 9 ; BESA
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MTS8  EQ 8 ; ESAl
M TS7 EQU 7 ;. ESAl
M TS6 EQU 6 ; BESA
M TS5 EQU 5 ; BESA
MTS4  EQU 4 ; ESAl
MTS3  EQ 3 ; ESAl
M TS2 EQU 2 ; ESAl
M TS1 EQU 1 ;. ESAl
MTSO  EQ 0 ;. ESAl

: RCCR Regi ster bits

MRHCKD EQU 23 . ESA
MRFSD EQU 22 ; ESA
MROKD EQU 21 . ESA
MRHKP EQU 20 . ESA
MRFSP  EQU 19 . ESA
MRKP  EQU 18 . ESA

M RFP EQU $30000 ESAl MASK
MRP3 EQ 17 . ESA
MRP2 EQ 16 . ESA
MRPL EQ 15 . ESA
MRFPO  EQU 14 . ESA

M RDC EQU $3E00 ESAl MASK
MRDA EQ 13 . ESA
MRDC3 EQU 12 . ESA
MRD2 EQ 11 . ESA
MRXCL EQ 10 . ESA
MRDXD EQ 9 . ESA
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MRPSR EQ 8 . ESA

M RPM EQU  $FF

MRPW  EQJ 7 ; BESA
MRPME  EQU 6 ; BESA
MRPMG  EQU 5 ; ESAl
MRPME  EQU 4 ; ESAl
MRPMB  EQU 3 ; ESAl
MRPM  EQU 2 ; BESA
MRPML EQJ 1 ; BESA
MRPM EQJ 0 ; BESA

; RCR Regi ster bits

MRIE EQ 23 . ESA
MRE EQ 22 . ESA
MREDE EQ 21 . ESA
MREIE EQ 20 . ESA

M RPR EQU 19 ; ESAl
MRFSR EQU 16 . ESA
MRFSL  EQU 15 . ESA
MRSW  EQU $7000 ESAl MASK
MRSW&4 EQU 14 . ESA
MRSWS3 EQU 13 . ESA
MRSV EQU 12 . ESA
MRSWSL EQU 11 . ESA
MRSWS0 EQU 10 . ESA

M RVCD EQU $300

MRVCDL EQU 9 . ESA
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MRMIO EQJ 8 ESAl
MRM EQU 7 ESA
MRSHD EQJ 6 ESAl
M RE EQU $F

M RE3 EQU 3 ESAl
M RE2 EQU 2 ESAl
M RE1 EQU 1 ESAl
M REO EQU 0 ESAl
: TOOR Regi ster bits

M THKD EQJ 23 ESAl
MTFSD EQJ 22 ESAl
MTCKD EQJ 21 ESAl
MTHXP EQU 20 ; ESA
MTFSP EQ 19 ESA
MTCKP EQJ 18 ESAl
MTFP  EQ $30000

MTFP3  EQJ 17 ESAl
MTFP2 EQJ 16 ESAl
MTFP1L EQJ 15 ESAl
MTFPO EQU 14 ESA
M TDC EQU $3E00

MTDGA EQJ 13 ESAl
MTDC3 EQJ 12 ESAl
MTDR2 EQJ 11 ESAl
MTDCI EQJ 10 ESAl
MTDD EQJ 9 ESAl
MTPSR EQJ 8 ESAl
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M TPM EQU  $FF ;

MTPW  EQU 7 . ESA
MTPM6  EQU 6 . ESA
MTPVG  EQU 5 . ESA
MTPMI  EQU 4 . ESA
MTPVB  EQU 3 . ESA
MTPVM  EQU 2 . ESA
MTPM  EQU 1 ;. ESA
MTPM  EQU 0 . ESA

: TCR Regi ster bits

MTLIE EQ 23 . ESA
MTIE EQ 22 . ESA
MTEDE EQ 21 . ESA
MTEE EQ 20 . ESA

M TPR EQU 19 ; ESAl
MPADC  EQU 17 ; ESAl
MTFSR EQ 16 . ESA
MTFSL EQU 15 . ESA
MTSW EQ  $7000

MTSW&4 EQU 14 . ESA
MTSWE3 EQU 13 ; ESA
MTSW&2 EQU 12 . ESA
MTSWBL EQU 11 . ESA
MTSWB0 EQU 10 ; ESA
MTMD  EQU $300

MTMDL EQU 9 . ESA
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MTMDO EQ 8 ; ESAl
MTWA  EQ 7 . ESA
MTSHFD EQ 6 ;. ESAl
M TEM EQU $3F

MTE5S  EQ 5 ; ESAl
MTE4  EQ 4 ; ESAl
MTE3 EQ 3 ; ESAl
M TE2 EQU 2 ; BESA
M TE1 EQU 1 ;. ESAl
MTEO  EQ 0 ;. ESAl

; control bhits of SAICR

MAC EQU 8 ; ESA
MTEBE EQ 7 . ESA
MSYN  EQ 6 . ESA
MO2  EQ 2 . ESA
MOl EQU 1 . ESA
MO0  EQ 0 . ESA

; status bits of SAI SR

MTCDE  EQU 17 . ESA
MTEDE EQU 16 . ESA
MTDE  EQU 15 . ESA
MTUE  EQ 14 . ESA
MTFS  EQ 13 . ESA
MRODF  EQU 10 . ESA
MREDF  EQU 9 . ESA
MROF  EQU 8 . ESA
MRCE  EQ 7 . ESA
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M RFS
M | F2
M I F1

M | FO

M HOTX
M HORX
M HBAR
M HPCR
M HSR

M HOR

MHRE
M HOTI E
M HO E
M HF2

M HF3

M _HCD\VD
M HCDML

M HCDVR

EQJ
EQJ
EQJ
EQJ

EQUATES for HDI 08

Regi st er Addresses

EQU
EQU
EQJ
EQJ
EQJ
EQJ
HCR bits

EQJ

EQJ
EQJ
EQJ

$FFFFC7

$FFFFOB
$FFFFCS
$FFFFCA
$FFFFC3

SFFFFC2

$0
$1
$2
$3
$4
$5
$6

$7

ESAl

; HOBT Transmt Register (HOTX)

; HOBT Recei ve Register (HORX)
HOST Base Address Register (HBAR
HOST Port Control Register (HPCR
HOST Status Register (HSR

HOST Gontrol Register (HCR

HOBT Receive interrupts Enabl e
; HOST Transmt Interrupt Enable
HOST GCommand | nt errupt Enabl e

HOST F ag 2

HOST H ag 3

; HOST DVA Mode Control Bit O

; HOST DVA Mode Control Bit 1

HCST DVA Mode Control Bit 2

MOTOROLA
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: HSR bits

MHDF EQU $0 ; HOBT Receive Data Full

M HOTDE EQU $1 ; HOBT Receive Data Enptiy

M HCP EQJ $2 ; HOST Command Pendi ng

MHO  EQ $3 : HOST Flag 0

MH1  EQ $4 : HOST Flag 1

M DVA EQU $7 ; HOST DVA Status

: HPCR bits

MHEN EQ $0 . HOST Port Enabl e

M HABEN EQU $1 ; HOBT Address 8 Enabl e

M HASEN EQU $2 ; HOBT Address 9 Enabl e

M HCSEN EQU $3 ; HCBT Chip Sel ect Enable
MHEN EQU $4 ; HCBT Request Enable

MHAEN EQU $5 ; HCBT Acknow edge Enabl e

M HCEN EQU $6 ; HOST Enabl e

M HRCD EQU $8 ; HOBT Request Qpen Drani n node
MHDSP  EQU $9 ; HOST Data Strobe Polarity
MHASP  EQU $a ; HCBT Address Strobe Polarity
MHWX EQ $b ; HCBT Miltipl exed bus sel ect
M HDDS EQU $c ; HOST Doubl e/ Singl e Strobe sel ect
MHCSP EQU $d ; HCBT Chip Select Polarity

M HRP EQU $e ; HCBT Request Polarity

M HAP EQU $f ; HCBT Acknowl edge Pol arity

; HBAR BITS

MBA EQ $FF
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MBAIO EQW 7

MBAO EQU 6

MBA8 EQU 5

MBA7 EQU 4

MBA6 EQ 3

MBAS EQU 2

MBM EQU 1

MBA3 EQU O

EQUATES for TIMER

Regi ster Addresses O Tl MERD

MTCSRO EQU $FFFF8F ; TIMERO Control/Status Register
M TLRO EQU $FFFFSE ; TIMERO Load Reg

MTCPRO EQJ $FFFF8D ; TIMERO Conpare Regi ster

MTCRO EQ $FFFF8C ; TIMERO Count Register

Regi ster Addresses O TI MERL

MTCSRL EQU $FFFF8B ; TIMERL Control/Status Register
M TLRL EQU $FFFF8A ; TIMERL Load Reg

MTCPRL EQ $FFFF89 ; TIMERL Conpare Regi ster

MTCRL EQJ $FFFF88 ; TIMERL Count Register

Regi ster Addresses O TI MER2

MTCSR2 EQ $FFFF87 ; TIMER2 Control/ Status Register

MTLR2 EQJ $FFFF86 ; TIMERZ Load Reg

MOTOROLA DSP56362
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MTCPR2 EQJ $FFFF85 ; TIMER2 Conpare Regi ster
MTCR2 EQ $FFFF84 ; TIMER2 Count Regi ster

MTPLR EQJ $FFFF83 ; TIMER Prescal er Load Regi ster
MTPCR EQJ $FFFF82 ; TIMER Prescal ar Count Register

M DI
M DO

M PCE
M TCF

M TOF

Timer Control/Status Register Bit Flags

EQU 0 ; Tinmer Enable

EQU 1 ; Timer Overflow Interrupt Enable
EQU 2 ; Timer Conpare Interrupt Enable
EQU $F0 ; Tiner Control Mask (TQD-TC3)
EQU 8 : Inverter Bit

EQU 9 ; Tinmer Restart Mode

EQU 11 ; Drection Bit

EQU 12 ; Data I nput

EQU 13 ; Data Qutput

EQU 15 : Prescal ed d ock Enabl e

EQU 20 ; Timer Overflow Fl ag

EQU 21 ; Timer Conpare Flag

Timer Prescaler Register Bit Flags

EQU $600000 ; Prescal er Source Mask
EQU 21

EQU 22

: Timer Control Bits

EQU 4 ; Timer Control O
EQU 5 ; Timer Control 1
EQU 6 ; Timer Control 2
EQU 7 ; Timer Control 3

----------- end of ioequ.asm------------------------
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JTAG BSDL

APPENDIX C
JTAG BSDL

-- MOTOROLA SSDT JTAG SOFTWARE
-- BSDL File CGenerated: Wd May 20 10: 08: 50 1998

-- Revision Hstory:

entity DSP56362 is
generic (PHYSICAL_PIN MAP : string := "TQ-P144");

port (TRST_N in bit;
TDQ out bit;
TD : in bit;
TVE: in bit;
TCK: in bit;
SCK: i nout bit;
SDQD: i nout bit;
SDOL: i nout bit;
SDA 23: i nout bit;
DE N i nout bit;
PINT: in bit;
SbAd 32: i nout bit;
SVaC l'i nkage bit_vector(0 to 1);
SA\D. i nkage bit_vector(0 to 1);
ShA 41: i nout bit;
SDA 50: i nout bit;
FST: i nout bit;
FSR i nout bit;
SCKT: i nout bit;
SCKR i nout bit;
HSCKT: i nout bit;
HSCKR i nout bit;
QQC l'i nkage bit_vector(0 to 3);
QA\D. l'i nkage bit_vector(0 to 3);
QUacH l'i nkage bit_vector(0 to 2);
HP: i nout bit_vector(0 to 15);
ADQ i nout bit;
Ad : i nout bit;
TIQ i nout bit;
HVCC l'i nkage bit;
HA\D: l'i nkage bit;
SS N in bit;
HREQ N i nout bit;
RESET_N in bit;
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EXTAL:

365585.83, 885885503

248

I i nkage
l'i nkage
| i nkage
| i nkage
out

out

in

| i nkage
I'i nkage
buf f er
in
buf f er

i nout
out

out

in

out

| i nkage
| i nkage
i nout

| i nkage
l'i nkage
in

in

in

in

i nout

i nout

| i nkage

bit;

bit;

bit;

bit;
bit_vector (0
bit;

bit;
bit_vector (0
bit_vector (0
bit;

bit;

bit;

bit;

bit;

bit;

bit;
bit_vector (0
bit_vector (0
bit_vector (0
bit_vector (0
bit_vector (0
bit_vector (0
bit;

bit;

bit;

bit;

bit;

bit;

bit);

use STD 1149 1 1994. al |

to

to
to

to
to
to
to
to
to

3);

1);
1);

17);
2);
3);
23);
3);
3);

attribute COMPONENT_CONFCRVANCE of DSP56362 : entity is "STD 1149 1 1993";

attribute PI N MAP of DSP56362 :

entity i s PHYSI CAL_PI N MAP;

constant TQFP144 : PIN MAP STRING : =
" SCK 1, " &
"SS N 2, " &
"HREQ N 3, " &
" SDQO: 4, " &
" SDAL: 5 " &
"SDbA 23: 6, " &
"SDbA 32: 7, " &
" SVCC (8, 25), " &
" SA\D: (9, 26), " &
"SDA 41: 10, " &
" SDA 50: 11, " &
"FST: 12, " &
"FSR 13, " &
" SCKT: 14, " &
" SCKR 15, " &
" HSCKT: 16, " &
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23),

97, 98, 99), "

116, 117, 118, 121, "

&

" HSOKR 17, " &

" QVOC (18, 56, 91, 126), " &
" QA\D: (19, 54, 90, 127), " &
" QUOCH (20, 49, 95), " &

"HP: (43, 42, 41, 40, 37, 36, 35, 34, 33, 32, 31, 22, 21, 30, 24,
" ADO 27, " &

"AQ: 28, " &

"TIO 29, " &

" HVOC 38, " &

" HAND: 39, " &

"RESET N 44, " &

" PVOC 45, " &

" PCAP: 46, " &

" PA\D: 47, " &

" PGNDL: 48, " &

"AA (70, 69, 51, 50), " &
"CAS N 52, " &

"DE N 53, " &

" EXTAL: 55, " &

" CVOC (57, 65), " &

" OG\D: (58, 66), " &

" CLKQUT: 59, " &

"RO: 60, " &

"PINIT: 61, " &

"TA N 62, " &

"BR N 63, " &

"BB N 64, " &

"WR_ N 67, " &

"RD N 68, " &

"BG N 71, " &

"A (72, 73, 76, 77, 78, 79, 82, 83, 84, 85 88, 89, 92, 93, 94,
&

" AVOC (74, 80, 86), " &

" AGND: (75, 81, 87, 9), " &
"D (100, 101, 102, 105, 106, 107, 108, 109, 110, 113, 114, 115,

"122, 123, 124, 125, 128, 131, 132, 133), " &

"DVCC (103, 111, 119, 129), " &

" DA\D (104, 112, 120, 130), " &

" MODD: 134, " &

" MDC 135, " &

" MODB: 136, " &

" MODA 137, " &

"TRST_N 138, " &

"TDQ 139, " &

"TO : 140, " &

"TXK 141, " &

"TNVE: 142, " &

"M : 143, " &

" SDA: 144 ;

attribute TAP_SCAN IN of TD signal is true;
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attribute TAP_ SCAN AQUT  of TDO : signal is true;
attribute TAP_SCAN MDE of TMS @ signal is true;
attribute TAP_SCAN RESET of TRST_N: signal is true;
attribute TAP_SCAN CLOX of TCK : signal is (20.0e6, BOTH);

attribute | NSTRUCTI ON_LENGTH of DSP56362 : entity is 4;

attribute | NSTRUCTI ON_ CPOCCE of DSP56362 : entity is

" EXTEST (0000)," &
" SAVPLE (0001)," &
" | DOCDE (0010)," &
" CLAVP (0101)," &
"H Gz (0100)," &
" ENABLE_ONCE (0110)," &
" DEBUG_REQUEST (0111)," &
" BYPASS (1111)";

attribute | NSTRUCTI ON_CAPTURE of DSP56362 : entity is "0001";
attribute | DOCDE REA STER of DSP56362 : entity is

" 0000" & -- version

"000110" & -- manufacturer’s use

"0001100010" & -- sequence nunber

"00000001110" & -- manufacturer identity

"1 -- 1149.1 requirement

attribute REA STER ACCESS of DSP56362 : entity is
" ONCH] 8] (ENABLE_QONCE, DEBUG REQUEST) " ;

attribute BONDARY_LENGTH of DSP56362 : entity is 145;

attribute BONDARY_REA STER of DSP56362 : entity is

-- num cell por t func safe [ccell dis rslt]

"0 (BC 1, MDA i nput , X," &

"1 (BC_1, MIDB, i nput , X," &

"2 (BC_1, MDC i nput , X," &

"3 (BC_1, MDD, i nput , X," &

"4 (BC 6, D(23), bidir, 1, 13, 1, 2)," &
"5 (BC 6, D(22), bidir, X 13, 1, 2)," &
"6 (BC 6, D(21), bidir, X 13, 1, 2," &
"7 (BC 6, D(20), bidir, X 13, 1, 2," &
"8 (BC 6, D(19), bidir, X 13, 1, 2," &
"9 (BC 6, D(18), bidir, X 13, 1, 2," &
"10 (BC 6, D(17), bidir, X 13, 1, 2," &
"11 (BC 6, D(16), bidir, X 13, 1, 2," &
"12 (BC 6, D(15), bidir, X 13, 1, 2)," &
"13 (BC1, *, control, 1)," &

"14 (BC 6, D(14), bidir, X 13, 1, 2)," &
"15 (BC 6, D(13), bidir, X 13, 1, 2)," &
"16 (BC 6, D(12), bidir, X 13, 1, 2)," &
"17 (BC 6, D(11), bidir, X 26, 1, 2)," &
"18 (BC 6, D(10), bidir, X 26, 1, 2)," &
"19 (BC6, D9), bidir, X 26, 1, 2," &

-- num cel l por t func safe [ccell dis rslt]
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"20 (BC 6, D(8), bidir, X 26, 1, 2)," &
"21 (BC6, D7), bidir, X 26, 1, 2)," &
"22 (BC 6, DO6), bidir, X 26, 1, 2," &
"23 (BC6, O5), bidir, X 26, 1, 2," &
"24 (BC 6, D4), bidir, X 26, 1, 2," &
"25 (BC6, DO3), bidir, X 26, 1, 2," &
" 26 (BC1, *, control, H," &

" 27 (BC6, D2, bidir, X 26, 1, 2," &
"28 (BCS6, D1), bidir, X 26, 1, 2)," &
"29 (BC 6, D0), bidir, X 26, 1, 2)," &
"30 (BC1, A(17), out put 3, X 33, 1, 2)," &
"31 (BC 1, A(1l6), out put 3, X 33, 1, 2)," &
"32 (BC1, A(15), out put 3, X 33, 1, 2)," &
"33 (BC1, *, control, 1)," &

"34 (BC 1, A(14), out put 3, X 33, 1, 2," &
"35 (BC1, A(13), out put 3, X 33, 1, 2," &
" 36 (BC1, A12), out put 3, X 33, 1, 2," &
"37 (BC1, A(11), out put 3, X 33, 1, 2," &
"38 (BC1, A(10), out put 3, X 33, 1, 2," &
"39 (BC1, A9, out put 3, X 33, 1, 2," &

-- num cell por t func safe [ccell dis rslt]

" 40 (BC1, A(8), out put 3, X 43, 1, 2)," &
"41 (BC1, A7), out put 3, X 43, 1, 2)," &
"42 (BC1, A(6), out put 3, X 43, 1, 2)," &
"43 (BC1, *, control, 1)," &

" 44 (BC1, A(5), out put 3, X 43, 1, 2)," &
" 45 (BC1, A(4), out put 3, X 43, 1, 2," &
" 46 (BC1, A3, out put 3, X 43, 1, 2," &
"47 (BC1, A2, out put 3, X 43, 1, 2," &
"48 (BC1, A1), out put 3, X 43, 1, 2," &
"49 (BC1, A0, out put 3, X 43, 1, 0," &
"50 (BC1, BGN i nput, X," &

"51 (BC1, *, control, 1)," &

"52 (BC 1, AA(0), out put 3, X 51, 1, 2)," &
"53 (BC1, *, control, 1)," &

"54 (BC 1, AA(1), out put 3, X 53, 1, 2)," &
"55 (BC1, RON out put 3, X 63, 1, 2)," &
" 56 (BC1, WRN out put 3, X 63, 1, 2)," &
"57 (BC1, *, control, H," &

"58 (BC6, BB N bidir, X 57, 1, 2," &
"59 (BC1, BRN out put 2, X," &

-- num cell por t func safe [ccell dis rslt]

" 60 (BC1, TAN i nput , X," &

"61 (BC1, PINT, i nput , X," &

"62 (BC_1, Q.KauUr, out put 2, X," &

"63 (BC1, *, control, 1)," &

" 64 (BC_ 1, EXTAL, i nput , X," &

" 65 (BC1, *, control, 1)," &

" 66 (BC 6, DEN bidir, X 65, 1, Pulll)," &
" 67 (BC1, *, control, 1)," &

" 68 (BC1, CAS N out put 3, X 67, 1, 2)," &
" 69 (BC1, *, control, H," &

"70 (BC1, AA2), out put 3, X 69, 1, 2," &
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"71 (BC1, *, control, 1)," &

"72 (BC 1, AA(3), out put 3, X 71, 1, 2)," &
"73 (BC_1, RESET_N, input, X," &

"74 (BC1, *, control, H," &

"75 (BC 6, HP(0), bidir, X 74, 1, 2," &
"76 (BC1, *, control, H," &

"77 (BC 6, H(1), bidir, X 76, 1, 2," &
"78 (BC1, *, control, H," &

"79 (BC 6, H(2), bidir, X 78, 1, 2)," &
num cell por t func safe [ccell dis rslt]

"80 (BC1, *, control, 1)," &

"81 (BC 6, H(3), bidir, X 80, 1, 2)," &
"82 (BC1, *, control, 1)," &

"83 (BC 6, HP(4), bidir, X 82, 1, 2)," &
"84 (BC1, *, control, H," &

"85 (BC 6, H(5), bidir, X 84, 1, 2," &
" 86 (BC1, *, control, H," &

" 87 (BC 6, HP(6), bidir, X 86, 1, 2," &
" 88 (BC1, *, control, ," &

" 89 (BC 6, H(7), bidir, X 88, 1, 2," &
"90 (BC1, *, control, 1)," &

"91 (BC 6, HP(8), bidir, X 90, 1, 2)," &
"92 (BC1, *, control, 1)," &

"93 (BC 6, H(9), bidir, X 92, 1, 2)," &
"94 (BC1, *, control, 1)," &

"95 (BC 6, HP(10), bidir, X 94, 1, 2)," &
" 96 (BC1, *, control, H," &

"97 (BC 6, HP(13), bidir, X 96, 1, 2," &
"908 (BC1, *, control, ," &

"99 (BC6, TIO bidir, X 98, 1, 2," &
num cell por t func safe [ccell dis rslt]

"100 (BC1, *, control, H," &

"101 (BCS6, AQ, bidir, X 100, 1, 2)," &
"102 (BC1, *, control, 1)," &

"103 (BC.6, ADO bidir, X 102, 1, 2)," &
"104 (BC1, *, control, 1)," &

"105 (BC6, HP(14), bidir, X 104, 1, 2)," &
"106 (BC.1, *, control, 1)," &

"107 (BC.6, HP(15), bidir, X 106, 1, 2," &
"108 (BC1, *, control, ," &

"109 (BCS6, HP(11), bidir, X 108, 1, 2," &
"110 (BC1, *, control, H," &

"111 (BC6, HP(12), bidir, X 110, 1, 2," &
"112 (BC1, *, control, H," &

"113 (BC_6, HSXKR bidir, X 112, 1, 2)," &
"114 (BC1, *, control, 1)," &

"115 (BC_6, HSKT, bidir, X 114, 1, 2)," &
"116 (BC.1, *, control, 1)," &

"117 (BC6, SXKR bidir, X 116, 1, 2)," &
"118 (BC.1, *, control, 1)," &

"119 (BC.6, SCKT, bidir, X 118, 1, 2)," &
num cell por t func safe [ccell dis rslt]

"120 (BC1, *, control, H," &
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"121 (BC6, FSR bidir, X 120, 1, 2),"
"122 (BC1, *, control, 1)," &

"123 (BC.6, FST, bidir, X 122, 1, 7),
"124 (BC.1, *, control, H," &

"125 (BC_6, SDd 50, bidir, X 124, 1, 7),
"126 (BC1, *, control, H," &

"127 (BC_6, SDd 41, bidir, X 126, 1, 7),
"128 (BC1, *, control, H," &

"129 (BC.6, SDd 32, bidir, X 128, 1, 2),"
"130 (BC1, *, control, 1)," &

"131 (BC.6, SDd 23, bidir, X 130, 1, 2),"
"132 (BC1, *, control, 1)," &

"133 (BC.6, SDQL, bidir, X 132, 1, 2),"
"134 (BC1, *, control, 1)," &

"135 (BC.6, SD, bidir, X 134, 1, 7),
"136 (BC1, *, control, H," &

"137 (BC6, HREQ N bidir, X 136, 1, 7),
"138 (BC1, SS N i nput , X," &

"139 (BC1, *, control, H," &

-- num cell por t func safe [ccell dis rslt]
"140 (BC6, S, bidir, X 139, 1, 2),"
"141 (BC1, *, control, 1)," &

"142 (BC.6, SDA bidir, X 141, 1, 2),"
"143 (BC1, *, control, 1)," &
"144 (BC6, MHl, bidir, X 143, 1, 2",
end DSP56362;
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APPENDIX D
PROGRAMMER'S REFERENCE

D.1 INTRODUCTION

This section has been compiled as areference for programmers. It contains a table showing

the addresses of all the DSPs memory-mapped peripherals, an interrupt address table, an

interrupt exception priority table, a quick reference to the host interface, and programming

sheets for the major programmable registers on the DSP.

D.1.1 Peripheral Addresses

Table D-1 lists the memory addresses of all on-chip peripherals.

D.1.2 Interrupt Addresses

Table D-2 lists the interrupt starting addresses and sources.

D.1.3 Interrupt Priorities

Table D-3 lists the priorities of specific interrupts within interrupt priority levels.

D.1.4 Host Interface Quick Reference

Table D-4 isaquick reference guide to the host interface (HDI08).

D.1.5 Programming Sheets

The remaining figures describe major programmable registers on the DSP56362.
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D.2 INTERNAL I/O MEMORY MAP
TableD-1 Internal I/O Memory Map
Peripheral Address Register Name
TPR pE=====5 INTERRUPT PRIORITY REGISTER CORE (IPR-C)
X:$FFFFFE INTERRUPT PRIORITY REGISTER PERIPHERAL (IPR-P)
PLL X:$FFFFFD PLL CONTROL REGISTER (PCTL)
ONCE X-$FFFFFC ONCE GDB REGISTER (OGDB)
BIU X-$FFFFFB BUS CONTROL REGISTER (BCR)
X-$FFFFFA DRAM CONTROL REGISTER (DCR)
X-$FFFFFO ADDRESSATTRIBUTE REGISTER 0 (AARO)
X $FFFFF8 ADDRESSATTRIBUTE REGISTER 1 (AARL)
X $FFFFF7 ADDRESSATTRIBUTE REGISTER 2 (AAR2)
X $FFFFF6 ADDRESSATTRIBUTE REGISTER 3 (AAR3)
X-$FFFFF5 ID REGISTER (IDR)
DMA X:$FFFFF4 DMA STATUS REGISTER (DSTR)
X $FFFFF3 DMA OFFSET REGISTER 0 (DORO)
X $FFFFF2 DMA OFFSET REGISTER 1 (DOR1)
X $FFFFFL DMA OFFSET REGISTER 2 (DOR?)
X:$FFFFFO DMA OFFSET REGISTER 3 (DOR3)
DMAO X:$FFFFEF DMA SOURCE ADDRESS REGISTER (DSRO)
X-$FFFFEE DMA DESTINATION ADDRESS REGISTER (DDRO)
X-$FFFFED DMA COUNTER (DCOO0)
X:$FFFFEC DMA CONTROL REGISTER (DCRO)
DMAL X-$FFFFEB DMA SOURCE ADDRESS REGISTER (DSR1)
X-$FFFFEA DMA DESTINATION ADDRESS REGISTER (DDR1)
X:$FFFFEQ DMA COUNTER (DCO1)
X:$FFFFES DMA CONTROL REGISTER (DCRI)
DMA2 X:$FFFFE7 DMA SOURCE ADDRESS REGISTER (DSR?)
X:$FFFFE6 DMA DESTINATION ADDRESS REGISTER (DDR2)
X:$FFFFES DMA COUNTER (DCO2)
X-$FFFFE4 DMA CONTROL REGISTER (DCR2)
DMA3 X:$FFFFE3 DMA SOURCE ADDRESS REGISTER (DSR3)
X:$FFFFE2 DMA DESTINATION ADDRESS REGISTER (DDR3)
X:$FFFFEL DMA COUNTER (DCO3)
X:$FFFFEQ DMA CONTROL REGISTER (DCR3)
DMAZ X:$FFFFDF DMA SOURCE ADDRESS REGISTER (DSR4)
X:$FFFFDE DMA DESTINATION ADDRESS REGISTER (DDR4)
X:$FFFFDD DMA COUNTER (DCO4)
X:$FFFFDC DMA CONTROL REGISTER (DCR4)
DMAG5 X-$FFFFDB DMA SOURCE ADDRESS REGISTER (DSR5)
X-$FFFFDA DMA DESTINATION ADDRESS REGISTER (DDR5)
X:$FFFFD9 DMA COUNTER (DCO5)
X:$FFFFD8 DMA CONTROL REGISTER (DCRB)
PORT D X:$FFFFD7 PORT D CONTROL REGISTER (PCRD)
X:$FFFFD6 PORT D DIRECTION REGISTER (PRRD)
X:$FFFFD5 PORT D DATA REGISTER (PDRD)
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TableD-1 Internal I/O Memory Map (Continued)

Peripheral Address Register Name
DAX X:$FFFFD4 DAX STATUS REGISTER (XSTR)

X:$FFFFD3 DAX AUDIO DATA REGISTER B (XADRB)
X:$FFFFD2 DAX AUDIO DATA REGISTER A (XADRA)
X:$FFFFD1 DAX NON-AUDIO DATA REGISTER (XNADR)
X:$FFFFDO DAX CONTROL REGISTER (XCTR)
X:$FFFFCF RESERVED
X:$FFFFCE RESERVED
X:$FFFFCD RESERVED
X:$FFFFCC RESERVED
X:$FFFFCB RESERVED
X:$FFFFCA RESERVED

PORT B X:$FFFFC9 HOST PORT GPIO DATA REGISTER (HDR)
X:$FFFFC8 HOST PORT GPIO DIRECTION REGISTER (HDDR)

HDI08 X:$FFFFC7 HOST TRANSMIT REGISTER (HOTX)
X:$FFFFC6 HOST RECEIVE REGISTER (HORX)
X:$FFFFC5 HOST BASE ADDRESS REGISTER (HBAR)
X:$FFFFC4 HOST PORT CONTROL REGISTER (HPCR)
X:$FFFFC3 HOST STATUS REGISTER (HSR)
X:$FFFFC2 HOST CONTROL REGISTER (HCR)
X:$FFFFC1 RESERVED
X:$FFFFCO RESERVED

PORT C X:$FFFFBF PORT C CONTROL REGISTER (PCRC)
X:$FFFFBE PORT C DIRECTION REGISTER (PRRC)
X:$FFFFBD PORT C GPIO DATA REGISTER (PDRC)
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TableD-1 Internal I/O Memory Map (Continued)

Peripheral Address Register Name
AL XSrrRBe |ESATRECEIVE SLOT MASK REGISTER B (ROMB)
X:$FFFFBB ESAI RECEIVE SLOT MASK REGISTER A (RSMA)
X:$FFFFBA ESAI TRANSMIT SLOT MASK REGISTER B (TSMB)
X:$FFFFBO ESAI TRANSMIT SLOT MASK REGISTER A (TSMA)
X:$FFFFB8 ESAI RECEIVE CLOCK CONTROL REGISTER (RCCR)
X:$FFFFB7 ESAI RECEIVE CONTROL REGISTER (RCR)
X:$FFFFB6 ESAI TRANSMIT CLOCK CONTROL REGISTER (TCCR)
X:$FFFFB5 ESAI TRANSMIT CONTROL REGISTER (TCR)
X:$FFFFB4 ESAI COMMON CONTROL REGISTER (SAICR)
X:$FFFFB3 ESAI STATUS REGISTER (SAISR)
X:$FFFFB2 RESERVED
X:$FFFFB1 RESERVED
X:$FFFFBO RESERVED
X:$FFFFAF RESERVED
X:$FFFFAE RESERVED
X:$FFFFAD RESERVED
X:$FFFFAC RESERVED
X:$FFFFAB ESAI RECEIVE DATA REGISTER 3 (RX3)
X:$FFFFAA ESAI RECEIVE DATA REGISTER 2 (RX2)
X:$FFFFAQ ESAI RECEIVE DATA REGISTER 1 (RX1)
X:$FFFFA8 ESAI RECEIVE DATA REGISTER 0 (RX0)
X:$FFFFA7 RESERVED
X:$FFFFAG ESAI TIME SLOT REGISTER (TSR)
X:$FFFFA5 ESAI TRANSMIT DATA REGISTER 5 (TX5)
X:$FFFFA4 ESAI TRANSMIT DATA REGISTER 4 (TX4)
X:$FFFFA3 ESAI TRANSMIT DATA REGISTER 3 (TX3)
X:$FFFFA2 ESAI TRANSMIT DATA REGISTER 2 (TX2)
X:$FFFFAL ESAI TRANSMIT DATA REGISTER 1 (TX1)
X:$FFFFAQ ESAI TRANSMIT DATA REGISTER 0 (TX0)
X:$FFFFOF RESERVED
X:$FFFFOE RESERVED
X:$FFFFID RESERVED
X:$FFFFIC RESERVED
X:$FFFFIB RESERVED
X:$FFFF9A RESERVED
X:$FFFF99 RESERVED
X:$FFFF98 RESERVED
X:$FFFF97 RESERVED
X:$FFFF96 RESERVED
X:$FFFF95 RESERVED
SHI X:$FFFF94 SHI RECEIVE FIFO (HRX)
X:$FFFF93 SHI TRANSMIT REGISTER (HTX)
X:$FFFF92 SHI 12C SLAVE ADDRESS REGISTER (HSAR)
X:$FFFFI1 SHI CONTROL/STATUS REGISTER (HCSR)
X:$FFFF90 SHI CLOCK CONTROL REGISTER (HCKR)
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TableD-1 Internal I/O Memory Map (Continued)

Peripheral Address Register Name

[ TRIPLETIMER [ XSFPrrer | TIMEROCONTROLISTATUS REGISTER (1CSRO)
X:$FFFF8E TIMER 0 LOAD REGISTER (TLRO)
X:$FFFF8D TIMER 0 COMPARE REGISTER (TCPRO)
X:$FFFF8C TIMER 0 COUNT REGISTER (TCRO)
X:$FFFF8B TIMER 1 CONTROL/STATUS REGISTER (TCSR1)
X:$FFFF8A TIMER 1 LOAD REGISTER (TLR1)
X:$FFFF89 TIMER 1 COMPARE REGISTER (TCPR1)
X:$FFFF88 TIMER 1 COUNT REGISTER (TCR1)
X:$FFFF87 TIMER 2 CONTROL/STATUS REGISTER (TCSR2)
X:$FFFF86 TIMER 2 LOAD REGISTER (TLR2)
X:$FFFF85 TIMER 2 COMPARE REGISTER (TCPR2)
X:$FFFF84 TIMER 2 COUNT REGISTER (TCR2)
X:$FFFF83 TIMER PRESCALER LOAD REGISTER (TPLR)
X:$FFFF82 TIMER PRESCALER COUNT REGISTER (TPCR)
X:$FFFF81 RESERVED
X:$FFFF80 RESERVED
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D.3 INTERRUPT VECTOR ADDRESSES

TableD-2 DSP56362 Interrupt Vectors

Interrupt
Star:inrfgr;l::i?ress P[ngfgly Interrupt Source
Range
VBA:$00 3 Hardware RESET
VBA:$02 3 Stack Error
VBA:$04 3 Illegal Instruction
VBA:$06 3 Debug Request Interrupt
VBA:$08 3 Trap
VBA:$0A 3 Non-Maskable Interrupt (NMT)
VBA:$0C 3 Reserved For Future Level-3 Interrupt Source
VBA:$0E 3 Reserved For Future Level-3 Interrupt Source
VBA:$10 0-2 IRQA
VBA:$12 0-2 IRQB
VBA:$14 0-2 IRQC
VBA:$16 0-2 IRQD
VBA:$18 0-2 DMA Channel 0
VBA:$1A 0-2 DMA Channel 1
VBA:$1C 0-2 DMA Channel 2
VBA:$1E 0-2 DMA Channel 3
VBA:$20 0-2 DMA Channel 4
VBA:$22 0-2 DMA Channel 5
VBA:$24 0-2 Reserved
VBA:$26 0-2 Reserved
VBA:$28 0-2 DAX Underrun Error
VBA:$2A 0-2 DAX Block Transferred
VBA:$2C 0-2 Reserved
VBA:$2E 0-2 DAX Audio Data Empty
VBA:$30 0-2 ESAI Receive Data
VBA:$32 0-2 ESAI Receive Even Data
VBA:$34 0-2 ESAI Receive Data With Exception Status
VBA:$36 0-2 ESAI Receive Last Slot
VBA:$38 0-2 ESAI Transmit Data
VBA:$3A 0-2 ESAI Transmit Even Data
VBA:$3C 0-2 ESAI Transmit Data with Exception Status
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TableD-2 DSP56362 Interrupt Vectors (Continued)

Interrupt
Star:?ntgr;\l::i?ress P[ngfétly Interrupt Source
Range
VBA:$3E 0-2 ESAI Transmit Last Slot
VBA:$40 0-2 SHI Transmit Data
VBA:$42 0-2 SHI Transmit Underrun Error
VBA:$44 0-2 SHI Receive FIFO Not Empty
VBA:$46 0-2 Reserved
VBA:$48 0-2 SHI Receive FIFO Full
VBA:$4A 0-2 SHI Receive Overrun Error
VBA:$4C 0-2 SHI Bus Error
VBA:$4E 0-2 Reserved
VBA:$50 0-2 Reserved
VBA:$52 0-2 Reserved
VBA:$54 0-2 TIMERO Compare
VBA:$56 0-2 TIMERO Overflow
VBA:$58 0-2 TIMER1 Compare
VBA:$5A 0-2 TIMER1 Overflow
VBA:$5C 0-2 TIMER2 Compare
VBA:$5E 0-2 TIMER2 Overflow
VBA:$60 0-2 Host Receive Data Full
VBA:$62 0-2 Host Transmit Data Empty
VBA:$64 0-2 Host Command (Default)
VBA:$66 0-2 Reserved
VBA:$FE 0-2 Reserved
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D.4

Table D-3 Interrupt Sources Priorities Within an IPL

INTERRUPT SOURCE PRIORITIES (WITHIN AN IPL)

Priority

Interrupt Source

Level 3 (Nonmaskable)

Highest

Hardware RESET

Stack Error

Illegal Instruction

Debug Request Interrupt

Trap

Lowest

Non-Maskable Interrupt

LevelsO, 1, 2 (Maskable)

Highest

IRQA (External Interrupt)

IRQB (Externa 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

ESAI Receive Datawith Exception Status

ESAI Receive Even Data

ESAI Receive Data

ESAI Receive Last Slot

ESAI Transmit Data with Exception Status

ESAI Transmit Last Slot

ESAI Transmit Even Data

ESAI Transmit Data

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

HOST Command Interrupt
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Table D-3 Interrupt Sources Priorities Within an IPL (Continued)

Priority

Interrupt Source

HOST Receive Data I nterrupt

HOST Transmit Data Interrupt

DAX Transmit Underrun Error

DAX Block Transferred

DAX Transmit Register Empty

TIMERO Overflow Interrupt

TIMERO Compare Interrupt

TIMER1 Overflow Interrupt

TIMER1 Compare Interrupt

TIMER2 Overflow Interrupt

Lowest

TIMERZ2 Compare Interrupt
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DSP56362

D-9



Programmer’'s Reference

D.5 HOST INTERFACE—QUICK REFERENCE

TableD-4 HDIO8 Programming Model

Bit Reset Type
Reg . . Comments HW /
Num | Mnemonic Name Val Function SW IR | ST
DSP SIDE
HCR| O HRIE Receive Interrupt Enable 0 |HRRQ interrupt disabled 0 - -
1 |HRRQ interrupt enabled
1 HTIE Transmit Interrupt Enable| 0 [HTRQ interrupt disabled 0 - -
1 |HTRQ interrupt enabled
2 HCIE Host Command I nterrupt 0 |HCPinterrupt disabled 0 - -
Enable 1 |HCPinterrupt enabled
3 HF2 Host Flag 2 0
4 HF3 Host Flag 3 0 - -
7-5 | HDM[2:0] |Host DMA Mode 000 |DMA operation disabled 000

100 |DMA operation enabled
001 |(24-bit host-to-DSP DMA enabled
010 |16-bit hogt-to-DSP DMA enabled
011 |(8-bit host-to-DSP DMA enabled
101 |24-bit DSP-to-host DMA enabled
110 |16-bit DSP-to-host DMA enabled
111 |8-bit DSP-to-host DMA enabled
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Table D-4 HDIO8 Programming Model
Bit Reset Type
Reg . . Comments HW /
Num | Mnemonic Name Val Function SW IR | ST
"HPCR| 0 HGEN  |HOS GPIO Enable 0 |GPIO pin disconnected 0 =T =
1 |GPIO pinsactive
1 HABEN |Host AddressLine8 0 |HA8HA1=GPIO thishitistreated as 1 if 0 - -
Enable HMUX=0
1 |HA8/HA1=HA8/HAL1 thishitistreated asO if
HEN=0
2 HA9EN Host AddressLine 9 0 |HA9/HA2=GPIO thishitistreated as 1 if 0 - -
Enable HMUX=0
1 [HA9/HA2 =HA9/HA2 thishitistreated asOif
HEN=0
3 HCSEN  |Host Chip Select Enable 0 |HCS/HA10=GPIO thishitistreated asO if 0 - -
1 |HCS/HA10=HCSHA10 HEN=0
4 HREN Host Reguest Enable 0 |HOREQ/HTRQ =GPIO thishitistreated asO if 0 - -
HACK/HRRQ=GPIO HEN=0
1 |HOREQ/HTRQ=HOREQ/HTRQ
HACK/HRRQ=HACK/HRRQ
5 HAEN Host Acknowledge 0 |HACK/HRRQ =GPIO thisbit isignored if 0 - -
Enable HDRQ=1
thishitistreated asOif
1 |HACK/HRRQ=HACK HREN=0
thishitistreated asO if
HEN=0
6 HEN Host Enable 0 |Host Port=GPIO 0 - -
1 |Host Port Active
8 HROD  [Host Request OpenDrain| 0 [HOREQ/HTRQ/HRRQ=driven [thisbit isignored if 0 = =
1 |HOREQ/HTRQ/HRRQ=open  |HEN=0
drain
9 HDSP Host Data Strobe Polarity | 0 |[HDS/HRD/HWR activelow (thisbit isignored if 0 - -
1 |HDS/HRD/HWR active high |HEN=0
10 HASP Host Address Strobe 0 |HASactivelow thisbit isignored if 0 - -
Polarity 1 |HASactivehigh HEN=0
11 HMUX Host Multiplxed Bus 0 |Separate addressand data  [thisbit isignored if 0 - -
1 |lines HEN=0
Multiplexed address/data
12 HDDS Host Dual Data Strobe 0 |Single Data Strobe (HDS)  [thisbitisignored if 0 - -
1 |Double Data Strobe (HWR, |HEN=0
HRD)
13 HCSP Host Chip Select Polarity | 0 |HCSactivelow thisbit isignored if 0 - -
1 |HCSactive high HEN=0
14 HRP Host Request polarity 0 |HOREQ/HTRQ/HRRQ thisbit isignored if 0 - -
active low HEN=0
1 |HOREQ/HTRQ/HRRQ
active high
15 HAP Host Acknowledge 0 |HACK activelow thisbit isignored if 0 - -
Polarity 1 |HACK active high HEN=0
HSR | O HRDF Host Receive Data Full 0 |noreceive datato be read 0 0 0
1 |receive dataregister isfull
1 HTDE Host Transmit Data 1 |transmit data register empty 1 1 1
Empty 0 |transmit data reg. not empty
2 HCP Host Command Pending 0 |no host command pending 0 0 0
1 |host command pending
3 HFO Host Flag0 0 - -
4 HF1 Host Flagl 0 - -
7 DMA DMA Status 0 |DMA mode disabled 0 - -
1 |DMA mode enabled
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Table D-4 HDIO8 Programming Model

Bit Reset Type
Reg . . Comments HW /
Num | Mnemonic Name Val Function SW IR | ST
HBAR| 7-0 | BAL0-BA3 |Host base Address $80
Register
HORX| 23-0 DSP Receive Data empty
Register
HOTX | 23-0 DSP Transmit Data empty
Register
HDR | 15-0 D15-DO |GPIO Pin Data $0000 | - -
HDDR| 15-0 | DR15-DR0O |GPIO Pin Direction 0 |Input $0000 | - -
1 |Output
Host Side
ICR 0 RREQ Receive Request Enable 0 |HRRQ interrupt disabled 0 - -
1 |HRRQ interrupt enabled
1 TREQ Transmit Reguest Enable | 0 [HTRQ interrupt disabled 0 - -
1 |HTRQ interrupt enabled
2 HDRQ Double Host Request 0 |HOREQ/HTRQ=HOREQ, |availableif 0 - -
HACK/HRRQ=HACK HDM2-HDM0=000
1 |HOREQ/HTRQ=HTRQ,
HACK/HRRQ=HRRQ
3 HFO Host Flag 0 0 - -
4 HF1 Host Flag 1 0 - -
5 HLEND [Host Little Endian 0 |“Big Endian” order available if 0 - -
1 |“Little Endian” order HDM2-HDM0=000
6-5 | HM1-HMO |Host Mode Control 00 |Interrupt Mode available if 00 - -
01 |24-bit DMA enabled HDM2-HDMO0=100
10 |16-bit DMA enabled
11 |8-bit DMA enabled
7 INIT Initialize 1 |Reset data paths accordingdieared by HDIO8 0 - -
TREQ and RREQ hardware
ISR 0 RXDF Receive Data Register | 0 |host receive register is empty 0 0 0
Full 1 |host receive register is full
1 TXDE Transmit Data Register| 1 |host transmit register empty 1 1 1
Empty 0 |host transmit register full
2 TRDY Transmitter Ready 1 [transmit FIF O (6 deep) is 1 1 1
empty
0 |transmit FIFO is not empty
3 HF2 Host Flag2 0 - -
4 HF3 Host Flag3 0 - -
7 HREQ Host Request 0|HOREQpin is deasserted 0 0 0
1 |HOREQpin is asserted (if
enabled)
CVR | 6-0 | HV6-HVO |Host Command Vector default vector $2| - -
7 HC Host Command 0 (no host command pending |cleared by HDI08 0 0 0
1 |host command pending hardware when the HC
int. req. is serviced
RXH/ | 7-0 Host Receive Data empty
M/L Register
TXH/ | 7-0 Host Transmit Data empty
M/L Register
IVR | 7-0 | IV7-IVO |Interrupt Register 68000 family vector register $d - | -
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D.6

PROGRAMMING SHEETS

The worksheets shown on the following pages contain listings of major programmable
registers for the DSP56362. The programming sheets are grouped into the following order:

Central Processor

Host Interface (HDI08)

Serial Host Interface (SHI)

Enhanced Serial Audio Interfaces (ESAI)
Digital Audio Interface (DAX)
Timer/Event Controller (TEC)

GPIO (Ports B-D)

Each sheet provides room to write in the value of each bit and the hexadecimal value for each
register. Programmers can photocopy these sheets and reuse them for each application
development project.

For details on the instruction set of the DSP56300 family chips, s&SB&6300 Family
Manual.
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Application:

Date:

Programmer:

Sheet 1 of 5

Central Processor| overow

Carry

Extension

Unnormalized (U = Acc(47) xnor Acc(46) )

Zero

Negative

Limit

FFT Scaling ( S = Acc(46) xor Acc(45) )

Interrupt Mask

Scaling Mode

1(1:0)

Exceptions Masked

S(1:0) | Scaling Mode 00

00 |No scaling
01 Scale down
10 |Scale up
11 |Reserved

01
10
11

None
IPL O
IPLO, 1
IPLO, 1,2

Reserved

Loop Flag

Sixteen-Bit Compatibilitity
Double Precision Multiply Mode

DO-Forever Flag

Reserved

Sixteenth-Bit Arithmetic

Rounding Mode

Instruction Cache Enable —
Arithmetic Saturation ——

Core Priority

CP(1:0)| Core Priority

00 |0 (lowest)
01 1

3 (highest)

23 22 21 20

Jali%_r

\

19 18 17 16

vov v oy X
15 14 13 12,11 10 9 8

@
-

CP1|C

*SA
0

FV

LF [ DM | SC * S1|{sof 11 ] 10

0

n|~N =
(o)}
(&)
C|d =
Z|W =
NIN =
|_\
o

—

N

N N

Status Register (SR)

Extended I\Megister (MR)

ModeRTagﬁer (MR)

Read/Write Reset = $C00300

Condition Code Register (CCR)

* = Reserved, Program as 0

Figure D-1 Status Register (SR)
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Application: Date:
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Sheet 2 of 5

Central Processor|

Chip Operating Modes
MOD(D:A) [ Reset Vector | Description
See Table 4-1in Section 4

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 Priority Disable

Address Tracing Enable

Stack Extension Space Select
Extended Stack Underflow Flag——
Extended Stack Overflow Flag
Extended Stack Wrap Flag

Stack Extension Enable

Patch Enable

<

lT_Fv

Y Yy Y VY
23 22 21 2019 18 17 16§15 14 13 1211 10 9 8 ;7 6 5 4,3 2 1 O
PEN[ g [ % [SEN|WRPIEOV[EUN|XYS|ATE APD| ABE[ BRT| TAS|BE [CDPICDPOIMS| SD | o[ EBO MD[MC [MB [ MA
0]0 0
— I I U
T~ T~ oo~
System Stack Control Extended Chip Operating Chip Operating Mode
Status Register (SCS) Mode Register (COM) Register (COM)
Operating Mode Register (OMR) Read/Write Reset = $00030X * = Reserved, Program as 0

Figure D-2 Operating Mode Register (OMR)
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MW d44444$°X
(O—dd 1) JewiBey
AJolid idnieiu|

4 SOA T T Z SOA T T
T SOA 0 T T SOA 0 T
0 SEIN T 0 abp3 ‘BaN T 0 SOA T 0 abp3 "BaN T
— ON 0 0 [9A97] 0 — ON 0 0 [9Aa7] 0
1dl | paiqeu3 | o1dl | T4l BELSLIENN 214l 7dl | pajgeus | o1al | Tql 1966111 z1al
apoN gdHI apon adyl

4 S9A T T Z SOA T T

T S9A 0 T T SaA 0 1
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Figure D-3 Interrupt Priority Register—Core (IPR-C)
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o 1T ¢ ¢€!'¥ g 9 L18 6 0T TT!¢T € ¥T ST 9T LT 8T 6T 0C TZ ¢¢ €¢
14 S9A T T 4 S9A T T 4 S9A T T
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0 SOA T 0 0 S9A T 0 0 SSA T 0
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1dl IHS dl Xvd Idl1 031
4 SOA T T 4 SOA T T
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Figure D-4 Interrupt Priority Register — Peripherals (IPR-P)
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Figure D-5 Phase Lock Loop Control Register (PCTL)
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[HOST (HDI08)

Host Receive Data (usually read by program)

DSP Side

J—
23 22 21 20 )19 18 17 16

15 14 13 12,11 10 9

8

7

6 5 4,3 2 1 O

Receive High Byte

Receive Middle Byte

Receive Low Byte

Host Receive Register (HORX)
X:$FFFEC6 Read Only
Reset = empty

Host Transmit Data (usually loaded by program)

Y

23 22 21 2019 18 17 16

15 14 13 12,11 10 9

8

7

T
6 5 4,3 2 1 0

Transmit High Byte

Transmit Middle Byte

Transmit Low Byte

Host Transmit Register (HOTX)
X:$FFFEC7 Write Only
Reset = empty

Figure D-6 Host Receive and Host Transmit Data Registers
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Application: Date:
Programmer:
Sheet 2 of 6
Host Receive Interrupt Enable
H OST 0 = Disable 1 = Enable if HRDF = 1
08 Host Transmit Interrupt Enable
(H D I ) 0 = Disable 1 = Enable if HTDE =1
Host Command Interrupt Enable
0 = Disable 1 = Enable if HCP =1
Host Flag 2
Host Flag 3
- l Y Y VY
Host DMA Control Bits 158 7 6 B 4,3 2 1 0
See Table 6-5 in Section 6 * (* HDMZ HDM1|HDMO| HF3 | HF2 | HCIE| HTIE | HRIE
Host Control Register (HCR) 011 0
X:$FFFFC2 Read /Write
Reset = $0
* = Reserved, Program as 0
DSP Side

Host Receive Data Full
0=Wait 1=Read

Host Transmit Data Empty
0=Wait 1= Write

Host Command Pending
0=Wait 1=Ready

Host Flags
Read Only +

. Y Y
DMA status _ | ; 5 4,3 2 1 0
0 = DMA Mode Disabled * DMA s | HFL | HFO [ HCP |HTDE|HRDF
1 = DMA Mode Enabled O 0

Host Status Register (HSR) ))
”* = Reserved, Program as 0

o

O
O% |o

X:$FFFFC3
Reset = $2

Figure D-7 Host Control and Status Registers
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Application: Date:
Programmer:
Sheet 3 of 6
I_l ( ] 15-- 8 [ © o) 4 3 2 1 0
* * BA10 BA9 BA8 BA7 BA6 BAS5 BA4 BA3
Host Base Address Register (HBAR) 0 0
X:$FFFFC5
Reset = $80 ))
m = 5 Sra " Host GPIO Port Enable
DR ost equ:;tODpen rITFr;EN/HEW 0 = GPIO Pins Disconnected
Q 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 Data Strobe Polarity

0 = Strobe Active Low, 1 = Strobe Active High

Host Address Strobe Polarity

0 = Strobe Active Low, 1 = Strobe Active High
Host Multiplexed Bus

0 = Nonmultiplexed, 1 = Multiplexed

Host Dual Data Strobe

0 = Single Strobe, 1 = Dual Strobe

Host Chip Select Polarity
0 = HCS Active Low

HTRQ & HRRQ Enable
1 = HCS Active High

Host Request Polarity
HDRQ HRP
0 0 HOREQ Active Low
0 1 HOREQ Active High
1 0 HTRQ,HRRQ Active Low
1 1 HTRQ,HRRQ Active High

Host Acknowledge Polarity
0 = HACK Active Low, 1 = HACK Active High

l lT—rv

Host Address Line 9 Enable
0 - HA9 =GPIO, 1 - HA9 = HA9

Host Chip Select Enable

0 - HCS/HAIO = GPIO,

1 - HCS/HA10 = HCS, if HMUX =0
1 - HCS/HA10 = HC10, if HMUX = 1

Host Request Enable

0 - HOREQ/HACK = GPIO,
1 - HOREQ = HOREQ,

if HDRQ =0

Host Acknowledge Enable
0 - HACK = GPIO

If HDRQ & HREN =1,
HACK = HACK

Host Enable
0 - HDIO8 Disable
Pins = GPIO

1 - HDIO8 Enable

T

\J \j
15 14 13 12 ;11 10 9 8 7 1 0
Host Port Control | HAP | HRP | HCSP | HDDS| HMUX | HASP [ HDSP [ HROD | ok | HEN | HAEN | HREN |HCSEN|HA9ENHABEN| HGEN
Register (HPCR) 0
X:$FFFFC4
Read/Write
Reset = $0

* = Reserved, Program as 0

Figure D-8 Host Base Address and Host Port Control
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Application: Date:
Programmer:
Sheet 4 of 6
[HOST (HDI08)] Processor side
Receive Request Enable
DMA Off 0 = Interrupts Disabled 1 = Interrupts Enabled
DMA On 0 = Host -> DSP 1 =DSP -> Host
Transmit Request Enable
DMA Off 0 = Interrupts Disabled 1 = Interrupts Enabled
DMA On 0 = DSP -> Host 1 =Host -> DSP
HDRQ | HOREQ/HTRQ | HACK/HRRQ
0 HOREQ HACK
1 HTRQ HRRQ
Host Flags
Write Only
Host Little Endian
Initialize (Write Only)
0=NoAction 1= InitidlizeDMA Y Y VY Y
7 6 5 4 3 2 1 0
- HDM[2:0] = 000 N7 HLEND| HF1 | HFo | HDRQ|TREQ [ RREQ
For HM[1:0] bits, see ﬁ
Table 6-12 in Section 6 HDM[2:0] = 100 AT o [FFT TREQ [ RREQ
INIT HFO *
HDM1 and/or HDMQ = 1| INIT_ |(HDM1) (HDMO) HF1 | HFO g TREQ | RREQ
Interrupt Control Register (ICR) U
$0 R/IW
Reset = $0
Receive Data Register Full
0 = Wait 1=Read
Transmit Data Register Empty
0 = Wait 1 = Write
Transmitter Ready
0 =Datain Hl 1= Data Notin HI
Host Flags
Read Only
Host_Request
0=HOREQ Deasserted = 1=HOREQ Asserted w Y Y Y
7 & 5 4,3 2 1 0
HREQ O <% | HF3 | HF2 | TRDY | TXDE | RXDF
Interrupt Status Register (ISR) O
$2 RIW
Reset = $0
* = Reserved, Program as 0
Figure D-9 Host Interrupt Control and Interrupt Status
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Application:

Date:

Programmer:

Sheet 5 of 6

HOST (HDIO08)

Processor Side

Interrupt Vector Register (IVR)

$3 RIW
Reset = $0F

Host Vector

Contains Host Command Interrupt Address + 2

Host Command
Handshakes Executing Host Command Interrupts

Command Vector Register (CVR)
$1 R/IW
Reset = $32

/7 6 5 4,3 2 1 O
vz | ive | ivs [ iva | va | iv2 | ivi | ivo
Contains the interrupt vector or number
— ' —
7 6 5 4,3 2 1 O
HC | HV6 | HV5 [ Hv4 | HV3 | Hv2 [ HV1 | HvO

Contains the host command interrupt address

Figure D-10 Host Interrupt Vector and Command Vector
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Application:

Date:

Programmer:

Sheet 6 of 6

HOST (HDI08)|

Processor Side

Host Receive Data (HLEND = 0)

—

7 | 0,7 l 0,7 | 017 | 0

Receive Low Byte Receive Middle Byte Receive High Byte Not Used
PP PP PP PP L] Jofofofofefofefo

$7 $6 $5 $4
Host Receive Data (HLEND = 1)
I

7 | 0,7 | 0,7 | 0,7 | 0

Receive Low Byte Receive Middle Byte Receive High Byte Not Used

0|0|0|0|0|0|0|0

$5 $6 $7 $4

Receive Byte Registers Receive Byte Registers

$7, $6, $5, $4 Read Only

Reset = Empty

Host Transmit Data (HLEND = 0)
T~
7 | 0,7 | 0,7 | 0,7 | 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used

0|0|0|0|0|0|0|0

$7 $6 $5 $4
Host Transmit Data (HLEND = 1)
7 | 0,7 l 017 | 017 | 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used
PP PP PP PP L] Jofofefolefofefo
$5 $6 $7 $4
E"’“?J;st!f ﬁewfige'fs‘ﬁ.? Transmit Byte Registers
Reset = Empty
Figure D-11 Host Receive and Transmit Byte Registers
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D-25

DSP56362

MOTOROLA



Sheet 2 of 3

daap spiom QT (O-14) (XHH) J81s169y ereq aA1999Yy 1SOH |HS

Programmetr:

Date;

xxxxxx% = 19S9Y
AluQ peay y64444$:X
(XYH) 191s169y eleq

9 L, 8 6 OT TT 2T €T %I ST 9T /T 8T 6T 0¢ Tg g2z £¢ON®I9Y ISOH [HS

1915169y e1eq aAI929Yy 1SOH

(XLH) Je1s1Bay ele@ NWsSURIL 1SOH |HS

XXXXXX$ = 19Say

AluO ®1UM £64444$:X
(XLH) Jo1s1B9y e1eq@

9 L 8 6 OT TT 2T €T %I ST 9T T 8T 6T 0¢ Tgz ¢z c¢HWSUBILISOHIHS

Application:

1915163y e1eQ HlWSsuel] 1SOH

Programmer’'s Reference

MOTOROLA

Figure D-13 SHI Transmit and Receive Data Registers
DSP56362

D-26



Programmer’s Reference

Date;

Application:

Programmer:

Sheet 3 of 3

0 Se 9)UM ‘panasay = x ¥

002800% = 19say
T6d4444%$:X
0 0 0 [(4soH) Je1s1B0Y
NIH|9,IH [0WH [FNH | 44510HOIFHLSINH 0AOHH FIONH[31aIH[FIEH BILHPIHEIMHENLH[EALH X bnan| ¥ bsunBounpaaniisnan| snleis/|041uod |HY
0O T ¢ ¢ ¥y ¢ 9 L1 8 6 0T ttlet € ¥T STl 91T /LT 8T 6T! Q2 T¢ ¢ €
A A {= A A A (J\I\;, A A A Jxl\: A A, »
(1o15eW) Aidwa
10U 4¥SOI/X1H
ImOI
(one|s) uels
pa1o81ep SS|  SI¥IBP |HS T
Asng 10N| 1usAe dois 0
SPO IdS Ol ASNdH
ppow 0,1 | T bayeAnoe 1dnuaul nwsuel] | T pauasse SS | abpaimoudoe oN T
apow |dS| 0 pajgesip 1dnuajul Jwsuell | 0 10418 ON 10118 ON 0
1nsay PIH uondiosaq [3ILH BPON IdS 0l d3gH
psjqeus [HS| T L g sniels AluQ peay
pajgesip Hs| o 10113 UNJIBAQ 9AI929Y 1SOH
uonduosad | NIH
g snyels AluQ peay
apouw 1a)seN | T pa|qeus idnuaiul o3 sng | T IN4 O aA1899Y 1SOH
apow anelS | 0 pajgesipidnuaiuljougsng | 0
1nsay 1SIWH uondidsad RIgH ug smeis Aluo peay
pa|qeus 9299l Aydw3 10N OHI4 8A1999Y 1SOH
%9010 8Ae|S O2| T juana dois T
m_w_w__wm%,m.w@wﬁ 0 On__u“mﬂww_%w N Asng sng 0 1g snyels Ajlup peay
uonduosaq|31aH Adw3 eleq Jajsuel] 1SoH
uondiosag HAMOH EO_”_Q_\_UWQD REE
paniasay 1 T ug smels Aluo pesy
eep 1q vz 0 I 10113 unudpun NwWsuel] 1SOH
elep lq 91 T 0
erep uq 8 0 0 T=30OYH| Joi3 unusAQ dAI929Y .
uonanosadg | OANH | TINH 0=304H ? T=444H 1IN} OdId 9AI8d3Y
eu panlasal T 1
319991 puUE JWsUR) 0] Apeal ¥SIO JI PANasSY (1dS T=304H| 1013 UNUSAQ SAIS08Y 0
aAI8081 10 JlWSUel} 0} Apeal YSOI Jl PAMSSSY Oyl T 1 0=30YH ® T=3aNyH | Aidwsa Jjou O4I4 aAIBDY T 0
pJOM M3U Jwsuel} 0} Apeal 4SOl JI pauassy 0 T eu pajgesip 0 0
pJloM Mau A28 0] Apeal YSO| JIl paLIassy T 0 uonipuod 1dnuiisiu| 03IYH | T3IYH
aouepadwi ybiH 0 0
uolesado uld OFYH [03OUH [TIOUH _ _ _I_ m

Figure D-14 SHI Host Control/Status Register
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Figure D-16 ESAI Transmit Control Register
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Figure D-18 ESAI Receive Control Register
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Figure D-20 ESAI Status Register
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Figure D-22 DAX Control and Status Registers
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Application: Date:
Programmer:
Sheet 1 of 3
PS (1:0) Prescaler Clock Source
00 Internal CLK/2
01 TIOO0

10
11

Reserved
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

*
0

PS1

PSO

Prescaler Preload Value (PL [0:20])

Timer Prescaler Load Register
TPLR:$FFFF83 Read/Write
Reset = $000000

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

* = Reserved, Program as 0

*
0

*
0

*

0

Current Value of Prescaler Counter (PC [0:20])

Timer Prescaler Count Register
TPCR:$FFFF82 Read Only
Reset = $000000

*= Reserved, Program as 0

Figure D-23 Timer Prescaler Load and Prescaler Count Registers (TPLR, TPCR)
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Application: Date:
Programmer:
Sheet 2 of 3
Inverter Bit 8
I T E C 0 =0-to-1 transitions on TIO input increment the counter,
or high pulse width measured, or high pulse output on TIO

1 = 1-to-0 transitions on TIO input increment the counter,
or low pulse width measured, or low pulse output on TIO

Timer Reload Mode Bt 9 Timer Control Bits 4 — 7 (TCO — TC3)
0 = Timer operates as a free TC(30)| TIO Clock _ Mode
running counter 0000 GPIO | Internal |Timer

1 = Timer is reloaded when 0001 | Output | Internal |Timer Pulse
selected condition occurs 0010 | Output | Internal |Timer Toggle

0011 Input | External |Event Counter

0100 Input | Internal |Input Width

0101 Input | Internal |Input Period

0110 Input | Internal |Capture

0111 | Output | Internal |Pulse Width Modulation

Direction Bit 11
0 =TIO pin is input
1 =TIO pin is output

1000 - - Reserved
Data Input Bit 12 _ 1001 | Output | Internal |Watchdog Pulse
0 = Zero read on TIO pin 1010 | Output | Internal |Watchdog Toggle
1 = One read on TIO pin 1011 _ _ Reserved

1100 - - Reserved
Data Output Bit 13 1101 - - Reserved
0 = Zero written to TIO pin 1110 - - Reserved
1 = One written to TIO pin 1111 - - Reserved

Timer Enable Bit 0

Prescaled Clock Enable Bit 15 0 = Timer Disabled
0 = Clock source is CLK/2 or TIO M 1 = Timer Enabled

1 = Clock source is prescaler output

Timer Overflow Interrupt Enable Bit 1

- - 0 = Overflow Interrupts Disabled
Timer Compare Flgg Bit 21 1 = Overflow Interrupts Enabled
0 ="1" has been written to TCSR(TCF),
or timer compare interrupt serviced

) Timer Compare Interrupt Enable Bit 2
1 = Timer Compare has occurred 0 = Compare Interrupts Disabled
1 = Compare Interrupts Enabled

Timer Overflow Flag Bit 20

0 ="1" has been written to TCSR(TOF),
or timer Overflow interrupt serviced

1 = Counter wraparound has occurred
V ¢ \ i l \

23 22 21 20,19 18 17 16415 14 13 12,11 10 9 8(7 6 5 4313 2 1 O

* * TCF | TOF * * * * PCE * DO DI | DIR * TRM| INV [ TC3 | TC2 | TC1 | TCO * TCIE|TOIE| TE
0/0 0/0]0]0 0 0 0

Timer Control/Status Register * = Reserved, Program as 0
TCSRO:$FFFF8F Read/Write . . . L
TCSR1:$FFFF8B Read/Write Note that for Timers 1 and 2, TC (3:0) = 0000 is the only valid combination.
TCSR2:$FFFF87 Read/Write All other combinations are reserved.

Reset = $000000

Figure D-24 Timer Control/Status Register
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Application: Date:

Programmer:
Sheet 3 of 3

| TEC |

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Timer Reload Value

Timer Load Register

TLRO:$FFFF8E Write Only
TLR1:$FFFF8A Write Only
TLR2:$FFFF86 Write Only

Reset = $XXXXXX

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Value Compared to Counter Value

Timer Compare Register

TCPRO:$FFFF8D Read/Write
TCPR1:$FFFF89 Read/Write
TCPR2:$FFFF85 Read/Write

Reset = $XXXXXX

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Timer Count Value

Timer Count Register

TCRO:$FFFF8C Read Only
TCR1:$FFFF88 Read Only
TCR2:$FFFF84 Read Only

Reset = $000000

Figure D-25 Timer Load, Compare and Count Registers
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Date:

Application:

Programmer:

Sheet 1 of 3

G P | O Port B (HDIO8)

HostData 15 14 13 12 ;11 10 9 8 7 6 5 4 3 2 1 0
Direction Register | DR15| DR14[ DR13 [ DR12 [ DR11 [ DR10 [ DR9 | DR8 | DR7 [ DR6 | DR5 [ DR4 [ DR3 | DR2 | DRL [ DRO
(HDDR)
X:$FFFFC8
Read/Write
Reset = $0
DRx =1 - PBx is Output DRx =0 - PBxis Input

HostData 15 14 13 12411 10 9 8 ;7 6 5 4,3 2 1 O

Register D15 | D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(HDR)

X:$FFFFC9
Read/Write

Reset = Undefined

Dx holds value of corresponding HDIO8 GPIO pin.
Function depends on HDDR.

See the HDIO8 HPCR Register (Figure D-8) for additional Port B GPIO control bits.

Figure D-26 GPIO Port B
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Application: Date:

Programmer:

Sheet 2 of 3

I GPIO I Port C (ESAI)

23-711 10 9 8 7 6 5 4 3 2 10
Port C Control Register & [[PciL[pcio] pes [ pce | pc7 [ pos [ pes [ pes
0

PC3| PC2| pC1
PCO

(PCRC)
X:$FFFFBF
Read/Write
Reset = $0

I

* = Reserved, Program as 0

S . 23+ 11 10 9 8 7 6 5 4 3 21 0
Port C Direction Register % [[ Poci1 [pocaq poce [ Pocs [ Poc7 [ Poce [ PoCs | PoC4lPDCE PDCE
0

PDC1PDCO

(PRRC) (
X:$FFFFBE )

Read/Write
Reset = $0

* = Reserved, Program as 0

PCn =0 & PDCn =0 -> Port pin PCn disconnected

PCn =1 & PDCn =0 -> Port pin PCn configured as input
PCn =0 & PDCn =1 -> Port pin PCn configured as output
PCn =1 & PDCn =1 -> Port pin configured as ESAI

23-:0011 10 9 8,7 6 5 4 3 2 1 0
Port C GPIO Data Register % [ [PP12[PD10] PD9 [ PD& [PD7[PD6[ PD5] PDa [ PD3 PDO
(PDRC) 0( Pp2| o1
X:$FFFFBD
Read/Write )
Reset = undefined

* = Reserved, Program as 0

If port pin n is GPIO input, then PDn reflects the value on port pin n
if port pin n is GPIO output, then value written to PDn is reflected on port pin n

Figure D-27 GPIO Port C
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Application: Date:

Programmer:

Sheet 3 of 3

GPIO Port D (DAX)

bort b Control Redist 236 5 4,3 2 1 0
or ontro ggl;gr *[[% [ % | % | % | % | "ct] PO
(PCRD) 1 0{l0|0|/0|0]| 0

X:$FFFFD7
Read/Write ))
Reset = $0 )
% = Reserved, Program as 0

PDD__R_23',';6543210
ort irection Register % |[% ] % | % | % | % |PociPoCo
(PRRD) ollo] O 0/l01|0
X:$FFFFD6
Read/Write ))
Reset = $0 /]

* = Reserved, Program as 0

PCn =0 & PDCn = 0 -> Port pin PDn disconnected

PCn =1 & PDCn = 0 -> Port pin PDn configured as input
PCn =0 & PDCn =1 -> Port pin PDn configured as output
PCn =1 & PDCn =1 -> Port pin configured as DAX

2306 5 4,3 2 1 0
Port D GPIO Data Register| % [[% | % | % | % | % | PPY| PPo
PDRD)| 0|0 |0]0|0]0
X:$FFFFD5
Read/Write ))
Reset = $0 /}

* = Reserved, Program as 0

If port pin n is GPIO input, then PDn reflects the value on port pin n

if port pin n is GPIO output, then value written to PDn is reflected on port pin n

Figure D-28 GPIO Port D
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INDEX

A

adder

modulo, 1-5

offset, 1-6

reverse-carry, 1-6
Address Generation Unit, 1-5
addressing modes, 1-6
AES/EBU, 1-13, 10-1
AGU, 1-5

B

barrel shifter, 1-4
bootstrap, 4-4
bootstrap from byte-wide external memory, 4-6
bootstrap program options

invoking, 4-5
bootstrap ROM, 3-2
bootstrap through HI08 (68302/68360), 4-11
bootstrap through HIO8 (I1SA), 4-7, 4-7, 4-8, 4-8, 4-

9, 4-9, 4-9, 4-10

bootstrap through HI08 (Multiplexed), 4-11
bootstrap through HI08 (non-multiplexed), 4-10
bootstrap through SCI, 4-6
bus

address, 2-2

data, 2-2

multiplexed, 2-2

non-multiplexed, 2-2
buses

internal, 1-7

C
Central Processing Unit (CPU), 1-1
CLKGEN, 1-8
clock, 1-2
Clock divider, 8-14
Clock Generator (CLKGEN), 1-8
CMOS, 1-2
code
compatible, 1-2
CP-340, 1-13, 10-1
CPHA and CPOL (HCKR Clock Phase and Polarity
Contrals), 7-9

D

dataALU, 1-4
registers, 1-5

Data Output bit (DO), 9-11

DAX, 2-2, 2-16
Block Transferred Interrupt Handling, 10-13
Initiating A Transmit Session, 10-12

Transmit Register Empty Interrupt Handling, 10-13

DAX Audio Data register Empty (XADE) status
flag, 10-9

DAX Audio Data Registers (XADRA/XADRB), 10-5

DAX Audio Data Shift Register (XADSR), 10-6, 10-6

DAX biphase encoder, 10-10

DAX Block transfer (XBLK) flag, 10-9

DAX Channel A Channel status (XCA) bit, 10-7

DAX Channel A User data (XUA) hit, 10-6

DAX Channel A Validity (XVA) bit, 10-6

DAX Channel B Channel Status (XCB) hit, 10-7

DAX Channel B User Data (XUB) hit, 10-7

DAX Channel B Vdidity (XVB) bit, 10-7

DAX Clock input Select bits, 10-8

DAX clock multiplexer, 10-11

DAX clock selection, 10-8

DAX Control Register (XCTR), 10-7

DAX internal architecture, 10-5

DAX Interrupt Enable (XIEN) bit, 10-8, 10-8, 10-8

DAX Non-Audio Data Buffer (XNADBUF), 10-7

DAX Operation During Stop, 10-15

DAX Parity Generator (PRTYG), 10-10

DAX preamble generator, 10-10

DAX Preamble sequence, 10-11, 10-15

DAX Programming Considerations, 10-12

DAX programming model, 10-4

DAX Status Register (XSTR), 10-9

DAX Transmit Underrun error (XAUR) status
flag, 10-9

DI, 9-11

Digital Audio Transmitter, 2-16

Digital Audio Transmitter (DAX), 1-13, 10-1

DIR, 9-10

Divide Factor (DF), 1-8

DMA, 1-8

triggered by timer, 9-24

DO bit, 9-11

DO loop, 1-6

DRAM, 1-10

DSP56300 core, 1-1

DSP56300 Family Manual, 1-1, 1-2

DSP56303 Technical Data, 1-1

E

ESAI, 2-2

ESAI block diagram, 8-1
ESSIO (GPIO), 5-2

ESSI1 (GPIO), 5-2
expanded mode, 4-5

external bus contral, 2-7, 2-7

F
frequency
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operation, 1-2
functional groups, 2-2
functional signal groups, 2-1

G

Global DataBus, 1-7
GPIO, 1-11, 2-2, 2-2, 2-20
GPIO (ESSIO, Port C), 5-2
GPIO (ESSI1, Port D), 5-2
GPIO (HI08, Port B), 5-1
GPIO (Timer), 5-2
Ground, 2-4

PLL, 2-4

H

HA1, HA3-HA6 (HSAR I2C Slave Address), 7-8
hardware stack, 1-6
HBER (HCSR BusError), 7-17
HBIE (HCSR Bus Error Interrupt Enable), 7-15
HBUSY (HCSR Host Busy), 7-18
HCKR (SHI Clock Control Register), 7-8
HCSR

Receive Interrupt Enable Bits, 7-16

SHI Control/Status Register, 7-12
HDI08, 2-2, 2-10, 2-11, 2-12, 2-13, 2-13
HDMO-HDM5 (HCKR Divider Modulus Select), 7-10
HEN (HCSR SHI Enable), 7-12
HFIFO (HCSR FIFO Enable Contral), 7-13
HFMO-HFM1 (HCKR Filter Mode), 7-11

H108, 1-11

(ZGPIO),5-1

HI’C (HCSR Serial Host Interface 12C/SPI
Selection), 7-12

HIDLE (HCSR Idle), 7-14
HMO-HM1 (HCSR Serial Host Interface Mode), 7-12
HMST (HCSR Master Mode), 7-13
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Receive Data FIFO (HRX), 7-7

Receive Data FIFO—DSP Side, 7-7

Transmit Data Register (HTX), 7-7

Transmit Data Register—DSP Side, 7-7
Host Interface, 1-11, 2-2, 2-10, 2-11, 2-12, 2-13, 2-13
host port

configuration, 2-10
Host Request

Double, 2-2

Single, 2-2
HREQ Function In SHI Slave Modes, 7-14
HRFF (HCSR Host Receive FIFO Full), 7-17
HRIEO-HRIE1 (HCSR Receive Interrupt Enable), 7-

15

HRNE (HCSR Host Receive FIFO Not Empty), 7-17
HROE (HCSR Host Receive Overrun Error), 7-17

HRQEO-HRQE1 (HCSR Host Request Enable), 7-14
HTDE (HCSR Host Transmit Data Empty), 7-16
HTIE (HCSR Transmit Interrupt Enable), 7-15

HTUE (HCSR Host Transmit Underrun Error), 7-16

I
1°C, 1-12, 7-1, 7-18
Bit Transfer, 7-19
Bus Protocol For Host Read Cycle, 7-21
Bus Protocol For Host Write Cycle, 7-21
Data Transfer Formats, 7-21
Master Mode, 7-26
Protocol for Host Write Cycle, 7-21
Receive Data In Master Mode, 7-27
Receive Data In Slave Mode, 7-25
Slave Mode, 7-24
Start and Stop Events, 7-20
Transmit Data In Master Mode, 7-28, 7-28
Transmit Data In Slave Mode, 7-25, 7-25
12C Bus Acknowledgment, 7-20
1°C Mode, 7-1
IEC958, 1-13, 10-1
instruction cache, 3-2
instruction set, 1-2
Inter Integrated Circuit Bus, 1-12, 7-1
internal buses, 1-7
Internal Exception Priorities
SHI, 7-6
interrupt, 1-6
interrupt and mode control, 2-8, 2-9
interrupt control, 2-8, 2-9
Interrupt Vectors
SHI, 7-6
INV, 9-9

J
JTAG, 1-2, 1-8, 1-8, 2-21

L

LA register, 1-7

LC register, 1-7

logic, 1-2

Loop Address register (LA), 1-7
Loop Counter register (LC), 1-7

M
MAC, 1-5
Manual Conventions, ii, ii
memory
bootstrap ROM, 3-2
expansion, 1-10
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external expansion port, 1-10
off-chip, 1-10
on-chip, 1-9, 1-9
program RAM, 3-2
X dataRAM, 3-4
Y dataRAM, 3-4
MIPS, 1-2
mode control, 2-8, 2-9
modulo adder, 1-5
multiplexed bus, 2-2
multiplier-accumulator (MAC), 1-4, 1-5

N
non-multiplexed bus, 2-2

O

offset adder, 1-6

OMR register, 1-7

OnCE, 1-2

OnCE module, 1-9, 2-21

On-Chip Emulation (OnCE) module, 1-9

on-chip memory, 1-9
program, 3-2
X dataRAM, 3-4
Y dataRAM, 3-4

operating mode
bootstrap from byte-wide external memory, 4-6
bootstrap thorugh HI08 (68302/68360), 4-11
bootstrap through HI08 (1SA), 4-7, 4-7, 4-8, 4-8, 4-

9, 4-9, 4-9, 4-10

bootstrap through HI08 (multiplexed), 4-11
bootstrap through HI08 (hon-multiplexed), 4-10
bootstrap through SCI, 4-6
expanded, 4-5
expanded mode, 4-8

Operating Mode Register (OMR), 1-7

P
PAB, 1-7
PAG, 1-6
Patch Enable (PEN) bit (OMR hit 23), 3-9
Patch Mode, 3-9

initializing, 3-9

example code, 3-9

PC register, 1-6
PCO-PC20 bits, 9-6
PCE, 9-11
PCU, 1-6
PDB, 1-7
PDC, 1-6
PEN, 3-9
PEN bit (OMR bit 23), 3-9

Peripheral 1/0 Expansion Bus, 1-7
PIC, 1-6
PLO-PL20 bits, 9-5
PL21-PL22 bits, 9-5
PLL, 1-8
Port A, 2-2
Port B, 2-2, 2-2, 2-11, 2-11, 2-12, 2-12, 2-13,5-1
Port C, 2-2, 2-16, 5-2
Port D, 2-2, 2-16, 5-2
power

low, 1-2

management, 1-2
Prescaler Counter, 9-5
Prescaler Counter Value bits (PCO-PC20), 9-6
Prescaler Load Vaue bits (PLO-PL20), 9-5
Prescaler Source bits (PL21-PL22), 9-5
Program Address Bus (PAB), 1-7
Program Address Generator (PAG), 1-6
Program Control Unit (PCU), 1-6
Program Counter register (PC), 1-6
Program Data Bus (PDB), 1-7
Program Decode Controller (PDC), 1-6
Program Interrupt Controller (PIC), 1-6
Program Memory Expansion Bus, 1-7
program RAM, 3-2
Programming Model

SHI—DSP Side, 7-5

SHI—Host Side, 7-4

R

reserved bits
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bits 3, 10, 14, 16-19, 22, 23, 9-12
in TPCR, 9-6
in TPLR, 9-6
RESET, 2-9
reverse-carry adder, 1-6
ROM
bootstrap, 3-2

S

SC register, 1-7
Serial Host Interface, 2-14
Serial Host Interface (SHI), 1-12, 7-1
Serial Host Interface—See Section 5
Serial Peripheral Interface Bus, 1-12, 7-1
SHI, 1-12, 2-2, 2-14, 7-1
Block Diagram, 7-3
Clock Control Register—DSP Side, 7-8
Clock Generator, 7-3, 7-4, 7-4
Control/Status Register—DSP Side, 7-12
Data Size, 7-12
Exception Priorities, 7-6
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HCKR
Clock Phase and Polarity Controls, 7-9
Divider Modulus Select, 7-10
Prescaler Rate Select, 7-10
HCKR Filter Mode, 7-11
HCSR
Bus Error Interrupt Enable, 7-15
FIFO Enable Control, 7-13
Host Request Enable, 7-14
Idle, 7-14
Master Mode, 7-13
Serial Host Interface 12C/SPI Selection, 7-12
Serial Host Interface Mode, 7-12
SHI Enable, 7-12
Host Receive Data FIFO—DSP Side, 7-7
Host Transmit Data Register—DSP Side, 7-7
HREQ
Function In SHI Slave Modes, 7-14
HSAR
I2C Slave Address, 7-8
Slave Address Register, 7-8
I/O Shift Register, 7-7
Input/Output Shift Register—Host Side, 7-6
Internal Architecture, 7-2, 7-2
Internal Interrupt Priorities, 7-6
Interrupt Vectors, 7-6
Introduction, 7-1
Operation During Stop, 7-29
Programming Considerations, 7-22
Programming Model, 7-4
Programming Model—DSP Side, 7-5
Programming Model—Host Side, 7-4
Slave Address Register—DSP Side, 7-8
SHI Noise Reduction Filter Mode, 7-11
signal groupings, 2-1
signals, 2-1
functional grouping, 2-2
Sixteen-bit Compatibility, 3-1
Size register (SZ), 1-7
SP, 1-7
SPI,1-12,7-1
HCSR
Bus Error, 7-17
Host Busy, 7-18
Host Receive FIFO Full, 7-17
Host Receive FIFO Not Empty, 7-17
Host Receive Overrun Error, 7-17
Host Transmit Data Empty, 7-16
Host Transmit Underrun Error, 7-16
Receive Interrupt Enable, 7-15, 7-15
Master Mode, 7-23
Slave Mode, 7-22
SPI Data-To-Clock Timing, 7-9
SPI Data-To-Clock Timing Diagram, 7-9

SPI Mode, 7-1
SR register, 1-6
SRAM
interfacing, 1-10
SS, 1-7
Stack Counter register (SC), 1-7
Stack Pointer (SP), 1-7
standby
mode
Stop, 1-2
Wait, 1-2
Status Register (SR), 1-6
stop
standby mode, 1-2
System Stack (SS), 1-7
SZ register, 1-7

T
TAP, 1-8
TCO-TC3 bits, 9-7
TCF, 9-12
TCIE bit, 9-7
TCPR, 9-13
TCR, 9-13
TCSR register, 9-7
bit 0—Timer Enable bit (TE), 9-7
bit 2—Timer Compare Interrupt Enable bit
(TCIE), 9-7
bits 4—7—Timer Control bits (TC0-TC3), 9-7
bit 13—Data Output bit (DO), 9-11
reserved bits—bits 3, 10, 14, 16-19, 22, 23, 9-12
TE bit, 9-7
Test Access Port (TAP), 1-8
Timer, 2-2, 2-20
timer
special cases, 9-24
Timer (GPIO), 5-2
Timer Compare Interrupt Enable bit (TCIE), 9-7
Timer Control bits (TCO-TC3), 9-7
Timer Control/Status Register (TCSR), 9-7
Timer Enable bit (TE), 9-7
timer mode
mode 0—GPIO, 9-14
mode 1—timer pulse, 9-15
mode 2—timer toggle, 9-16
mode 3—timer event counter, 9-17
mode 4—measurement input width, 9-18
mode 5—measurement input period, 9-19
mode 6—measurement capture, 9-20
mode 7—pulse width modulation, 9-21
mode 8—reserved, 9-22
mode 9—watchdog pulse, 9-22, 9-23
modes 11-15—reserved, 9-24
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Timer module
architecture, 9-1
Timer Prescaler Count Register (TPCR), 9-6
Timer Prescaler Load Register (TPLR), 9-5
Timer/Event Counter module, 1-12
TLR, 9-12
TOF, 9-11
TOIE, 9-7
TPCR register, 9-6
bits 0-20—Prescaler Counter Value bits (PCO-
PC20), 9-6
bit 21-23—reserved bits, 9-6
reserved bits—bits 21-23, 9-6
TPLR register, 9-5
bits 0-20—Prescaler Load Value bits (PLO-
PL20), 9-5
bits 21-22—Prescaler Source bits (PLO-PL20), 9-5
bit 23—reserved bit, 9-6
reserved bit—bit 23, 9-6
Transmitter High Frequency Clock Divider, 8-14
triple timer module, 1-12
TRM, 9-10

\Y,

VBA register, 1-7
Vector Base Address register (VBA), 1-7

W
wait
standby mode, 1-2

X

X data RAM, 3-4

X Memory Address Bus (XAB), 1-7
X Memory Data Bus (XDB), 1-7

X Memory Expansion Bus, 1-7
XAB, 1-7

XDB, 1-7

Y

Y data RAM, 3-4

Y Memory Address Bus (YAB), 1-7
Y Memory Data Bus (YDB), 1-7

Y Memory Expansion Bus, 1-7
YAB, 1-7

YDB, 1-7
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