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1.1 INTRODUCTION

This manual describes in detail the DSP56004 24-bit Digital Signal Processor (DSP),
its memory, operating modes, and peripheral modules. This manual is intended to be
used with the DSP56000 Family Manual (DSP56KFAMUM/AD) and the DSP56004
Technical Data sheet (DSP56004/D). The family manual describes the Central
Processing Unit (CPU), programming models, and the instruction set. The data sheet
provides electrical specifications, timing, pinouts, and packaging descriptions. 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, access the Motorola DSP home page located at

http://www.motorola-dsp.com

The DSP56004 is a general purpose DSP designed for audio and sound effects
applications. It is based on the DSP56000 core architecture and implemented in the
same scalable technology as the DSP56002, DSP56005, DSP56007, and other 24-bit
DSP56000 modular products. This DSP is available in two versions: the DSP56004
and the DSP56004ROM. The two devices are identical in every way, except for their
memory configuration; specifically, the amount of ROM and RAM available differs
between the two devices (see Section 3, Memory, Operating Modes, and
Interrupts). Also, the programs stored in ROM are not the same on the two variants
(see Appendix A, Bootstrap and ROM Code Listings). The DSP56004 also provides
the following on-chip peripherals to support audio processing functions:

= External Memory Interface (EMI)— interfaces DRAM, SRAM, and EPROM,;
the DRAM interface is specifically designed to provide access to a large,
inexpensive memory space, such as that required by many audio applications

= Serial Host Interface (SHI)—simple communications and control interface
between a host processor and the DSP

= Serial Audio Interface (SAl)—user-programmable interface that provides
support for a wide variety of serial audio formats to support a number of
standard audio devices

= Dedicated General Purpose Input/Output (GP10) Signals— four additional
individually controlled input or output signals

The DSP56004 has the power and ease-of-programming required for stand-alone,
embedded applications. The versatile, on-board peripherals allow the DSP to be
easily connected to almost any other processor with little or no additional logic. The
low pin-count (80 pins) allows the DSP56004 to be available in a small, inexpensive
package.
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Manual Organization

This manual includes the following sections:

Section 1—Overview furnishes an description of the manual organization and
provides a brief description of the DSP56004.

Section 2—Signal Descriptions describes the DSP56004 signals and signal
groupings.

Section 3—Memory, Operating Modes, and Interrupts describes the internal
memory organization, operating modes, interrupt processing, and chip
initialization during hardware reset.

Section 4—External Memory Interface describes the External Memory Interface
(EMI) port (Port A), its registers, and its controls.

Section 5—Serial Host Interface describes the operation, registers, and control of
the Serial Host Interface (SHI).

Section 6—Serial Audio Interface describes the operation of the Serial Audio
Interface (SAI), its registers, and its controls.

Section 7—General Purpose 1/0 describes the four dedicated General Purpose
Input/Output (GPIO) pins, the GPIO registers, and GPIO control.

Appendix A—Bootstrap Code Listings lists the code used to bootstrap the
DSP56004.

Appendix B—Programming Reference provides a quick reference for the
instructions and registers used by the DSP56004. These sheets are provided
with the expectation that they be photocopied and used by programmers
when programming the registers.

Appendix C—Application Examples provides a selection of typical circuit block
diagrams and coding examples.
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1.1.2

Manual Conventions

The following conventions are used in this manual:

The word “reset” is used in three different contexts in this manual. There is a
reset pin that is always written as “RESET,” there is a reset instruction that is
always written as “RESET”, and the word reset, used to refer to the reset
function, is written in lower case (with a leading capital letter as grammar
dictates.)

Bits within a register are indicated AA[n:0] when more than one bit is
involved in a description. For purposes of description, the bits are presented
as if they are contiguous within the register; however, this is not always the
case. Refer to the programming model diagrams or to the programming sheets
to see the exact location of bits within a register.

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

Hex (hexadecimal) values are indicated with a dollar sign ($) preceding the
hex value, as in “$FFFB is the X memory address for the Interrupt Priority
Register (IPR).”

Code examples are displayed in a monospaced font, as shown in
Example 1-1.

Example 1-1 Sample Code Listing

novep #0, x: ECRD ; drive 2nd read trigger
bset #ERTS x: ECSR ; set read triggers by readi ng HODR
do #(N-2),end_QL ; loop to drive nore (N2) triggers

Pins or signals listed in code examples that are asserted low have a tilde (~) in
front of their names.

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

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

Overbars are used to indicate a signal that is active when pulled to ground
(see Table 1-1). For example, the RESET pin is active when pulled to ground.
Therefore, references to the RESET pin will always have an overbar. Such pins
and signals are also said to be “active low” or “low true.”
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Table 1-1 High True / Low True Signal Conventions

Signal/Symbol Logic State Signal State Voltage
PIN? True Asserted Ve
PINY False Deasserted Ground?
PIN? True Asserted Ground?
PIN? False Deasserted Vecd
Note: 1. PIN isageneric term for any pin on the device.
2. Ground is an acceptable low voltage level. See the appropriate data sheet for the range
of acceptable low voltage levels (typically a TTL logic low).
3. V¢ is an acceptable high voltage level. See the appropriate data sheet for the range of
acceptable high voltage levels (typically a TTL logic high).
1.2 DSP56004 FEATURES

The DSP56004 consists of the DSP56000 core, program and data memory, and
peripherals useful for embedded control applications. The following paragraphs
provide a list of DSP56004 features and a brief description of its core and peripheral
components.

< General Features

Harvard architecture, with four 24-bit internal data buses and three 16-bit
internal address buses, permitting simultaneous accesses to program
memory and two data memories

Software-programmable, Phase Lock Loop (PLL) frequency synthesizer for
the core clock with a wide range of frequency multiplications (1 to 4096)
and power-saving clock divider (2', where i = 0 to 15) for reduced clock
noise

On-Chip Emulation (OnCEO) port for unobtrusive, comprehensive,
processor speed-independent hardware/software debugging

Stop and Wait low-power standby modes
Efficient, object code compatible, 24-bit 56000-family DSP engine

On-chip peripheral registers memory-mapped in data memory space
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Three external interrupt request pins

Data Arithmetic Logic Unit (Data ALU), Program Control Unit (PCU), and
Address Generation Unit (AGU) all integral to the core processor

Bootstrap loading from SHI or EMI (in absolute SRAM mode)

Completely pin-compatible with DSP56004 and DSP56007 for easy
upgrades

Fully static, HCMOS design for operating frequencies from maximum
specified operating frequency down to DC

80-pin plastic Quad Flat Pack surface-mount package; 14 x 14 x 2.45 mm;
0.65 mm lead pitch

Highly parallel instruction set with unique DSP addressing modes
Two 56-bit accumulators, including extension byte

Parallel 24 x 24-bit multiply-accumulate in 1 instruction cycle (2 clock
cycles)

Double precision 48 x 48-bit multiply with 96-bit result in 6 instruction
cycles

56-bit addition/subtraction in 1 instruction cycle

Fractional and integer arithmetic with support for multiprecision
arithmetic

Hardware support for block-floating point Fast Fourier Transforms (FFTs)
Zero-overhead fast interrupts (2 instruction cycles)

Nested hardware DO loops

= On-chip Memory Modules (refer to Section 3 for detailed information)

e Peripheral modules:

External Memory Interface (EMI), implemented as a peripheral,
supporting:

= Direct connection of page-mode DRAMS: 64 K x 4 bits, 64 K x 8 bits, 256
K x 4 bits, 256 K x 8 bits, 1 M x 4 bits, 1 M x 8 bits, 4 M x 4bits, and 4 M
x 8 bits

= SRAMs (one to four): 256 K x 8 bits
= Bootstrap from EPROM
= Data bus may be 4 or 8 bits wide

1-7
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= Data words may be 8, 12, 16, 20, or 24 bits wide

— Serial Host Interface (SHI): SPI and 12C protocols, single master capability,
10-word receive FIFO register, support for 8-, 16-, and 24-bit words

— Serial Audio Interface (SAI) includes two receivers and three transmitters,
master or slave capability, and implementation of Philips, Sony, and
Matsushita audio protocols; two complete sets of SAI interrupt vectors

— Four independent, programmable GPIO lines

1.3 DSP56004 ARCHITECTURAL OVERVIEW

The DSP56004 is a member of the 24-bit DSP56000 family. The DSP is composed of
the 24-bit DSP56000 core, memory, and a set of peripheral modules, as shown in
Figure 1-1 on page 1-9. The 24-bit DSP56000 core is composed of a Data ALU, an
Address Generation Unit (AGU), a Program Control Unit (PCU), an On-Chip
Emulation (OnCE) port, and a PLL designed to allow the DSP to run at full speed
while using a low-speed clock. The DSP56000-family architecture, upon which the
DSP56004 is built, was designed to maximize throughput in data-intensive digital
signal processing applications. The result is a dual-natured, expandable architecture
with sophisticated on-chip peripherals and versatile GPIO.

The DSP56000 core is dual-natured in that there are two independent, expandable
data memory spaces, two address arithmetic units, and a Data ALU that has two
accumulators and two shifter/limiters. The duality of the architecture makes it easier
to write software for DSP applications. For example, data is naturally partitioned into
coefficient and data spaces for filtering and transformations, and into real and
imaginary spaces for performing complex arithmetic.

The DSP56000 architecture is especially suited for audio applications since its
arithmetic operations are executed on 24-bit or 48-bit data words. This is a significant
advantage for audio over 16-bit and 32-bit architectures: 16-bit DSP architectures
have insufficient precision for CD-quality sound, and while 32-bit DSP architectures
possess the necessary precision, with extra silicon and cost overhead they are not
suitable for high-volume, cost-driven audio applications.
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Figure 1-1 DSP56004 Block Diagram

13.1

Memory and Peripheral Modules

AA0248k

The following memory and peripheral modules are included on the DSP56004:

= External Memory Interface (EMI)—The EMI provides simple connection to
external DRAM and/or SRAM and/or EPROM memories. This memory
interface is designed to provide a simple and inexpensive connection to large
DRAM memories (up to two 4 M x 4 bits) for audio delay lines. The port is
configurable as either 4 or 8 bits wide, providing a convenient interface to
standard DRAM, EPROM, and SRAM parts. Data word packing/unpacking is
automatic to simplify and accelerate converting between memory word size
and data word size. Absolute addressing can be used for random memory
access, program bootstrap, overlays, and to access external peripherals.
Relative addressing, assisted by base-offset registers, can easily be used to set

up delay lines.

DSP56004 User’'s Manual

MOTOROLA



Overview
DSP56004 Architectural Overview

= Serial Host Interface (SHI)—The SHI provides a fast, yet simple serial
interface to connect the DSP56004 to a host processor or to another serial
peripheral device. Two serial protocols are available: the Motorola Serial
Peripheral Interface (SPI) bus and the Philips Inter Integrated-circuit Control
(12C) bus. The SHI will operate with 8-, 16-, and 24-bit words and the receiver
has an optimal 10-word FIFO register to reduce the receive interrupt rate.

= Serial Audio Interface (SAIl)—The SAI provides a synchronous serial
interface that allows the DSP56004 to communicate using a wide range of
standard serial data formats used by audio manufacturers at bit rates up to
one-third the DSP core clock rate (e.g., 27 MHz for a 81 MHz clock). There are
three synchronized data transmission lines and two synchronized data
reception lines, all of which are double-buffered.

e General Purpose Input/Output (GP1O)—The GPIO has four dedicated
signals that can be independently programmed to be inputs, standard TTL
outputs, open collector outputs, or disconnected.

1.3.2 DSP Core Processor

The 24-bit DSP56000 core is composed of a Data ALU, an AGU, a PC, and the buses
that connect them together. The OnCE port and a PLL are integral parts of this
processor. Figure 1-1 on page 1-9 illustrates the DSP block diagram, showing the
components of the core processor, as well as the peripherals specific to the DSP56004.
The following paragraphs present a brief overview of the DSP56000 core processor.
For more thorough detail, refer to the DSP56000 Family Manual.

1.3.2.1 Data Arithmetic and Logic Unit (Data ALU)

The Data Arithmetic and Logic Unit (ALU) has been designed to be fast and provide
the capability to process signals having a wide dynamic range. Special circuitry has
been provided to facilitate the processing of data overflows and round-off errors. The
Data ALU performs all of the arithmetic and logical operations on data operands.
The Data ALU consists of four 24-bit input registers, two 48-bit accumulator
registers (also usable as four 24-bit accumulators), two 8-bit accumulator extension
registers, an accumulator shifter, two data shifter/limiters, and a parallel
single-cycle non-pipelined Multiplier-Accumulator (MAC). Data ALU operations
use fractional two’s-complement arithmetic. Data ALU registers may be read or
written over the X Data Bus (XDB) and Y Data Bus (YDB) as 24- or 48-bit operands.
The 24-bit data words provide 144 dB of dynamic range. This is sufficient for most
real-world applications, including high-quality audio applications, since the majority
of Analog-to-Digital (A/D) and Digital-to-Analog (D/A) converters are 16 bits or
less, and certainly not greater than 24 bits. The 56-bit accumulation internal to the
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Data ALU provides 336 dB of internal dynamic range, assuring no loss of precision
due to intermediate processing.

Two data shifter/limiters provide special post-processing on data reads (from the
Data ALU accumulator registers and directed to the XDB or YDB). The data shifters
are capable of shifting data one bit to the left or to the right, as well as passing the
data unshifted. Each data shifter has a 24-bit output with overflow indication. The
data shifters are controlled by scaling-mode bits. These shifters permit no-overhead
dynamic scaling of fixed point data by simply programming the scaling mode bits.
This permits block floating-point algorithms to be implemented efficiently. For
example, Fast Fourier Transform (FFT) routines can use this feature to selectively
scale each butterfly pass. Saturation arithmetic is accommodated to minimize errors
due to overflow. Overflow occurs when a source operand requires more bits for
accurate representation than there are available in the destination. To minimize the
error due to overflow, “limiting” causes the maximum (or minimum, if negative)
value to be written to the destination with an error flag.

1.3.2.2 Address Generation Unit (AGU)

The Address Generation Unit (AGU) performs all address storage and effective
address calculations necessary to access data operands in memory. It implements
three types of arithmetic to update addresses—Ilinear, modulo, and reverse carry.
This unit operates in parallel with other chip resources to minimize address
generation overhead. The AGU contains eight address registers RO-R7 (i.e., Rn), eight
offset registers NO-N7 (i.e., Nn), and eight modifier registers M0-M?7 (i.e., Mn). The
Rn registers are 16-bit registers that may contain an address or data. Each Rn register
may provide addresses to the X memory Address Bus (XAB), Y memory Address Bus
(YAB), and the Program Address Bus (PAB). The Nn and Mn registers are 16-bit
registers that are normally used to update the Rn registers, but may be used for data.

AGU registers may be read from or written to via the Global Data Bus as 16-bit
operands. The AGU has two modulo arithmetic units that can generate two
independent 16-bit addresses every instruction cycle for any two of the XAB, YAB, or
PAB.

1.3.2.3 Program Control Unit (PCU)

The Program Control Unit (PCU) performs instruction prefetch, instruction
decoding, hardware DO loop control, and exception processing. It contains six
directly addressable registers—the Program Counter (PC), Loop Address (LA), Loop
Counter (LC), Status Register (SR), Operating Mode Register (OMR), and Stack
Pointer (SP). The PCU also contains a 15 level by 32-bit system stack memory. The
16-bit PC can address 65,536 (64 K) locations in program memory space.

1-11 DSP56004 User’s Manual MOTOROLA



Overview
DSP56004 Architectural Overview

1.3.2.4 Data Buses

Data movement on the chip occurs over four bidirectional 24-bit buses—the X Data
Bus (XDB), the Y Data Bus (YDB), the Program Data Bus (PDB), and the Global Data
Bus (GDB). Certain instructions concatenate XDB and YDB to form a 48-bit data bus.
Data transfers between the Data ALU and the two data memories, X and Y, occur
over the XDB and YDB, respectively. These transfers can occur simultaneously on the
DSP, maximizing data throughput. All other data transfers, such as 1/0 transfers to
internal peripherals, occur over the GDB. Instruction word pre-fetches take place
over the PDB in parallel with data transfers. Transfers between buses are
accomplished through the internal bus switch.

1.3.2.5 Address Buses

Addresses are specified for internal X data memory and Y data memory using two
unidirectional 16-bit buses—the X Address Bus (XAB) and the Y Address Bus (YAB).
Program memory addresses are specified using the 16-bit Program Address Bus
(PAB).

1.3.2.6 Phase Lock Loop (PLL)

The Phase Lock Loop (PLL) reduces the need for multiple oscillators in a system
design, thus reducing the overall system cost. An additional benefit of the PLL is that
it permits the use of a low-frequency external clock with no sacrifice of processing
speed. The PLL converts the low-frequency external clock to the high speed internal
clock needed to run the DSP at maximum speed. This diminishes the electromagnetic
interference generated by high frequency clocking. The PLL performs frequency
multiplication to allow the processor to use almost any available external system
clock for full-speed operation. It also improves the synchronous timing of the
processor’s external memory port, significantly reducing the timing skew between
EXTAL and the internal chip phases when the Multiplication Factor (MF) < 4. The
PLL is unique in that it provides a low power divider on its output, which can reduce
or restore the chip operating frequency without losing the PLL lock.

1.3.2.7 On-Chip Emulation (OnCE) Port

The On-Chip Emulation (OnCE) port provides a sophisticated debugging tool that
allows simple, inexpensive, and speed-independent access to the processor’s internal
registers and peripherals. The OnCE port tells the application programmer the exact
status of most of the on-chip registers, memory locations, and buses, as well as
storing the addresses of the last five instructions that were executed.
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1.3.3 Memories

The three independent memory spaces of the DSP56004—X data, Y data, and
program—and their configurations are discussed briefly here. See Section 3,
Memory, Operating Modes, and Interrupts for more detail.

1.33.1 Program Memory

The on-chip program memory is 24-bits wide. Addresses are received from the PCU
(usually from the Program Counter) over the Program Address Bus (PAB). Program
memory may be written using MOVEM instructions. The interrupt vectors are
located in the bottom 128 locations of program memory. Table 1-2 lists the interrupt
vector addresses and indicates the Interrupt Priority Level (IPL) of each interrupt
source.

Program RAM has many advantages. It provides a means to develop code efficiently.
Programs can be changed dynamically, allowing efficient overlaying of DSP software
algorithms. In this way the on-chip Program RAM operates as a fixed cache, thereby
minimizing accesses to slower external memory.

The Bootstrap mode, described in Appendix A, provides a convenient, low-cost

method to load the DSP56004 Program RAM from a single, inexpensive EPROM
connected to the EMI, or through the SHI, using either SPI or 12C formats, after a
power-on reset.

Table 1-2 Interrupt Starting Addresses and Sources

S tarltinr:;r,rbtj dpc}ress IPL Interrupt Source
P:$0000 3 Hardware RESET
P:$0002 3 Stack Error
P:$0004 3 Trace
P:$0006 3 SWI
P:$0008 0-2 IRQA
P:$000A 0-2 IRQB
P:$000C — Reserved
P:$000E — Reserved
P:$0010 0-2 SAI Left Channel Transmitter if TXIL =0
P:$0012 0-2 SAI Right Channel Transmitter if TXIL =0
P:$0014 0-2 SAIl Transmitter Exception if TXIL =0
P:$0016 0-2 SAI Left Channel Receiver if RXIL =0

1-13 DSP56004 User’s Manual MOTOROLA



Overview

Table 1-2 Interrupt Starting Addresses and Sources (Continued)

DSP56004 Architectural Overview

Interrupt

Starting Address IPL Interrupt Source
P:$0018 0-2 SAIl Right Channel Receiver if RXIL =0
P:$001A 0-2 SAI Receiver Exception if RXIL =0
P:$001C — Reserved
P:$001E 3 NMI
P:$0020 0-2 SHI Transmit Data
P:$0022 0-2 SHI Transmit Underrun Error
P:$0024 0-2 SHI Receive FIFO Not Empty
P:$0026 — Reserved
P:$0028 0-2 SHI Receive FIFO Full
P:$002A 0-2 SHI Receive Overrun Error
P:$002C 0-2 SHI Bus Error
P:$002E — Reserved
P:$0030 0-2 EMI Write Data
P:$0032 0-2 EMI Read Data
P:$0034 0-2 EMI EBARO Memory Wrap
P:$0036 0-2 EMI EBAR1 Memory Wrap
P:$0038 — Reserved
P:$003A — Reserved
P:$003C — Reserved
P:$003E 3 Illegal Instruction
P: $0040 0-2 SAI Left Channel Transmitter if TXIL =1
P: $0042 0-2 SAI Right Channel Transmitter if TXIL =1
P: $0044 0-2 SAIl Transmitter Exception if TXIL =1
P: $0046 0-2 SAI Left Channel Receiver if RXIL =1
P: $0048 0-2 SAIl Right Channel Receiver if RXIL =1
P: $004A 0-2 SAI Receiver Exception if RXIL =1
P: $004C — Reserved
P: $007E — Reserved
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1.3.3.2 X Data Memory
The on-chip X data memory is 24 bits wide. Addresses are received from the XAB,
and data transfers to the Data ALU occur on the XDB.

1.3.3.3 Y Data Memory
The on-chip Y data memory is 24 bits wide. Addresses are received from the YAB,
and data transfers to the Data ALU occur on the YDB.

1.3.34 Bootstrap ROM

The bootstrap ROM occupies locations 0-31 ($0-$1F) and 256-287 ($100-$11F) in two
areas in the memory map on the DSP56004. The bootstrap ROM is
factory-programmed to perform the bootstrap operation following hardware reset; it
either jumps to the user’s ROM starting address (P:$2000) or downloads up to 512
words of user program from either the EMI port or the SHI port (in SPI or 1°C
format). The bootstrap ROM activity is controlled by the bits MA, MB, and MC,
which are located in the OMR. When in the Bootstrap mode, the first 512 words of
Program RAM are read-disabled but write-accessible. The contents of the bootstrap
ROM are listed in Appendix A.

Note: The DSP56004 contains no Program ROM, but it has 512 words of Program
RAM. The DSP56004ROM contain a Program ROM, but it has only 256
words of Program RAM. The bootstrap code for each version is written
appropriately for each type chip.

1.3.3.5 External Memory

The DSP56004 does not extend internal memory off chip. However, external memory
can be added using the EMI. See Section 4, External Memory Interface for a detailed
description of the EMI.

1.3.3.6 Reserved Memory Spaces

The memory spaces marked as reserved should not be accessed by the user. They are
reserved for the expansion of future versions or variants of this DSP. Write
operations to the reserved range are ignored. Read operations from addresses in the
reserved range (with values greater than or equal to $2C00 in X memory space and
$2700 in Y memory space, and values from the reserved area of program memory
space), return the value $000005, which is the opcode for the ILLEGAL instruction. If
a read access is performed from the reserved area below address $2000 in X or Y data
memory, the resulting data will be undetermined. If an instruction fetch is attempted
from addresses in the reserved area, the value returned is $000005, which is the
opcode for the ILLEGAL instruction, causing an illegal instruction interrupt service.
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1.34 Input/Output

A variety of system configurations are facilitated by the DSP56004 Input/Output
(170) structure. Each 1/0 interface has its own control, status, and double-buffered
data registers that are memory-mapped in the X data memory space (see Table 1-3).

Table 1-3 On-chip Peripheral Memory Map

Address Register

X:$FFFF Interrupt Priority Register (IPR)

X:$FFFE Reserved

X:$FFFD PLL Control Register (PCTL)

X:$FFFC Reserved

X:$FFFB Reserved

X:$FFFA Reserved

X:$FFF9 Reserved

X:$FFF8 Reserved

X:$FFF7 GPIO Control/Data Register (GPIOR)

X:$FFF6 EMI Write Offset Register (EWOR)

X:$FFF5 Reserved

X:$FFF4 Reserved

X:$FFF3 SHI Receive FIFO/Transmit Register (HRX/HTX)

X:$FFF2 SHI 12C Slave Address Register (HSAR)

X:$FFF1 SHI Host Control/Status Register (HCSR)

X:$FFFO SHI Host Clock Control Register (HCKR)

X:$FFEF EMI Refresh Control Register (ERCR)

X:$FFEE EMI Data Register 1 (EDRR1/EDWR1)

X:$FFED EMI Offset Register 1 (EOR1)

X:$FFEC EMI Base Address Register 1 (EBAR1)

X:$FFEB EMI Control/Status Register (ECSR)

X:$FFEA EMI Data Register 0 (EDRRO/EDWRO)

X:$FFE9 EMI Offset Register 0 (EORO)

X:$FFES8 EMI Base Address Register 0 (EBARO)

X:$FFE7 SAI TX2 Data Register (TX2)

X:$FFE6 SAI TX1 Data Register (TX1)
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Table 1-3 On-chip Peripheral Memory Map (Continued)

Address Register

X:$FFE5 SAIl TX0 Data Register (TXO0)

X:$FFE4 SAIl TX Control/status Register (TCS)
X:$FFE3 SAI RX1 Data Register (RX1)

X:$FFE2 SAI RX0 Data Register (RX0)

X:$FFE1 SAI RX Control/Status Register (RCS)
X:$FFEO SAIl Baud Rate Control Register (BRC)
X:$FFDF Reserved

X:$FFCO Reserved

The EMI, SHI, and SAI also have several dedicated interrupt vector addresses and
control bits to enable and disable interrupts (see Table 1-2 on page 1-13). These
interrupt vectors minimize the overhead associated with servicing an interrupt by
immediately executing the appropriate service routine. Each interrupt can be
programmed to one of three maskable priority levels.

1341 External Memory Interface

The External Memory Interface (EMI) is an 1/0 interface that enables the DSP to
access external dynamic and/or static memory with little or no additional logic. The
EMI is implemented as a buffered peripheral rather than a transparent extension to
internal memory. This interface facilitates the storage of audio samples for digital
reverberation algorithms and permits simple implementation of large data delay
buffers in external memory. The EMI on the DSP56004 is designed to connect directly
to Dynamic RAM (DRAM) of the following sizes:

= One or two 256 K x 4-bit chips
e Oneortwo 1 M x 4-bit chips
= One ortwo 4 M x 4-bit chips

When using Static RAM (SRAM), the EMI may directly access up to 256 K x 8 bits.
The external data bus width may be 4 or 8 bits. Data words of 8, 12, 16, 20 or 24 bits
may be stored and retrieved via the EMI with automatic packing and unpacking. In
addition, the EMI may be selected to operate in the SRAM/EPROM Absolute
Addressing mode. This allows connection to external memory devices for program
bootstrap and data storage, as well as general parallel access to peripheral devices.
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1.3.4.2 Serial Host Interface (SHI)

The Serial Host Interface (SHI) provides a serial path for communication and
program/coefficient data transfers between the DSP and an external host processor
or other serial peripheral devices. This interface can connect directly to one of two
well-known and widely-used synchronous serial buses: the Serial Peripheral
Interface (SPI) bus defined by Motorola and the Inter Integrated-circuit Control (1°C)
bus defined by Philips. The SHI handles both SPI and 12C bus protocols as required
from a slave or a single-master device. In order to minimize DSP overhead, the SHI
supports single-, double-, and triple-byte data transfers. An optimal ten-word receive
FIFO register reduces the DSP overhead for data reception.

1.3.4.3 Serial Audio Interface (SAl)

The DSP can communicate with other devices through the SAI. The SAI provides a
synchronous full-duplex serial port for serial connection with a variety of audio
devices, such as Analog-to-Digital (A/D) converters, Digital-to-Analog (D/A)
converters, Compact Disk (CD) devices, etc. The SAl implements a wide range of
serial data formats in use by audio manufacturers. Examples are:

< 125 format (Philips)

< CDP format (Sony)

< MEC format (Matsushita)

= Most industry-standard serial A/D and D/A formats

The SAI consists of independent transmit and receive sections and a common baud
rate generator. The transmitter consists of three transmitters controlled by one
transmitter controller. This enables simultaneous data transmission to as many as
three stereo audio devices, or transmission of three separate stereo pairs of audio
channels. The receiver consists of two receivers and a single receive controller. This
enables simultaneous data reception from up to two stereo audio devices. The
transmit and receive sections are fully asynchronous and may transmit and receive at
different rates.

1.3.4.4 General Purpose Input/Output

The General Purpose Input/Output (GPIO) signals are used for control and
handshake functions between the DSP and external circuitry. The GPIO port has four
dedicated signals (GPIO0-GPIO3) that are controlled through a memory-mapped
register. Associated with each GPIO signal is a data bit, a control bit, and a data
direction bit that configures the pin as an input or an output, open-collector or
normal. See Section 7 for detailed information about GPIO operation.

MOTOROLA DSP56004 User’s Manual 1-18



Overview
DSP56004 Architectural Overview

1-19 DSP56004 User’s Manual MOTOROLA



SECTION 2
SIGNAL DESCRIPTIONS

MOTOROLA

DSP56004 User’'s Manual

2-1



Signal Descriptions

2.1 SIGNAL GROUPINGS. . ... .. 2-3
2.2 POWER. . ... e 2-5
2.3 GROUND. . .. 2-5
2.4 CLOCKAND PLLSIGNALS . ... .. i 2-6
2.5 EXTERNAL MEMORY INTERFACE (EMID) . ............. 2-7
2.6 INTERRUPT AND MODE CONTROL. . ............... 2-10
2.7 SERIAL HOST INTERFACE (SHI) . .................. 2-14
2.8 SERIAL AUDIO INTERFACE (SAD. .. ... . oL 2-18
2.9 GENERAL PURPOSE I/O. .. .. e 2-21
2.10 ON-CHIP EMULATION (ONCETM) PORT ............. 2-22
2-2 DSP56004 User’s Manual MOTOROLA



Signal Descriptions

2.1  SIGNAL GROUPINGS

Signal Groupings

The DSP56004 input and output signals are organized into the nine functional
groups, as shown in Table 2-1. The individual signals are illustrated in Figure 2-1.

Table 2-1 DSP56004 Functional Group Signal Allocations

Functional Group Number of Signals Dgsitggfi((j)n
Power (V) 9 Table 2-2
Ground (GND) 13 Table 2-3
Phase Lock Loop (PLL) 3 Table 2-4
External Memory Interface (EMI) 29 Table 2-5 and
Table 2-6
Interrupt and Mode Control 4 Table 2-7
Serial Host Interface (SHI) 5 Table 2-8
Serial Audio Interface (SAI) 9 Table 2-9 and
Table 2-10
General Purpose Input/Output (GPIO) 4 Table 2-11
On-Chip Emulation (OnCE) port 4 Table 2-12
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Signal Groupings

Power Inputs DSP56004

2
Veen l«—> MOSI/HAO
Veep ——— Port B f&——— SS/HA2
Serial HoSt |e———> MISO/SDA
Ground Interface |, | sckyscL

3 «—>» HREQ

GNDg ——> Port C
Serial Audio

Interface
l«——>» WSR

PCAP —— SCKR

PINIT ——{ PLL RecO l«—— sDIO

EXTAL —> Recl j«— SDI1

«—>» WST

«——> SCKT

15
MAO-MA14 48_ TranQ }———> SDOO0
MDO-MD7 -——>»| Tranl}t——— SDO1
MA15/MCS3 <-— Tran2 ———— SDO2

MA16/MCS2/MCAS <———— port A
MA17/MCS1/MRAS -«———/ External Memory

MCS Interface 4

____ GPIO (—>» GPIO0-GPIO3

|

|

MRD <———
MODC/NM| ————— > l«—» DSCK/OS1
TROBR — Mode/Interrupt «<—» DSI/OS0
MODB/IRQB Control p ORCE™
MODA/IRQA —> pot DSO
RESET —>| Reset '«— DR
80 signals

AA0249G

Figure 2-1 DSP56004 Slignals
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Power
2.2 POWER
Table 2-2 Power Inputs
Power Name Description
Veep PLL Power —Vcp provides isolated power for the Phase Lock Loop

(PLL). The voltage should be well-regulated and the input should be
provided with an extremely low impedance path to the V¢ power rail.

Veeo Qu_iet Power—Vccq prov_ides isolated power for the i_nternal pr_ocessing
logic. This input must be tied externally to all other chip power inputs.
The user must provide adequate external decoupling capacitors.

Veea Address Bus Power —V ¢ provides isolated power for sections of the
address bus 1/0 drivers. This input must be tied externally to all other
chip power inputs. The user must provide adequate external decoupling
capacitors.

Veebp Data Bus Power —Vcp provides isolated power for sections of the data
bus 170 drivers. This input must be tied externally to all other chip
power inputs. The user must provide adequate external decoupling
capacitors.

Vees Serial Interface Power —V s provides isolated power for the SHI and
SAI. This input must be tied externally to all other chip power inputs. The
user must provide adequate external decoupling capacitors.

2.3 GROUND

Table 2-3 Grounds

Ground Name Description

GNDp PLL Ground —GNDgp is ground dedicated for PLL use. The connection
should be provided with an extremely low-impedance path to ground.
Vcep should be bypassed to GNDp by a 0.47 puF capacitor located as close
as possible to the chip package.

GNDg Quiet Ground —GNDg, provides isolated ground for the internal
processing logic. This connection must be tied externally to all other chip
ground connections. The user must provide adequate external
decoupling capacitors.

GNDpx Address Bus Ground —GND, provides isolated ground for sections of
the address bus 170 drivers. This connection must be tied externally to all
other chip ground connections. The user must provide adequate external
decoupling capacitors.
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Table 2-3 Grounds (Continued)

Ground Name

Description

GNDp

Data Bus Ground —GNDp, provides isolated ground for sections of the
data bus
170 drivers. This connection must be tied externally to all other chip
ground connections. The user must provide adequate external
decoupling capacitors.

GNDg

Serial Interface Ground —GNDg provides isolated ground for the SHI and SAI.
This connection must be tied externally to all other chip ground connections. The
user must provide adequate external decoupling capacitors.

24 CLOCK AND PLL SIGNALS

Note: While the PLL on this DSP is identical to the PLL described in the DSP56000
Family Manual, two of the signals have not been implemented externally.
Specifically, there is no PLOCK signal or CKOUT signal available. Therefore,
the internal clock is not directly accessible and there is no external indication
that the PLL is locked. These signals were omitted to reduce the number of
pins and allow this DSP to be put in a smaller, less expensive package.

Table 2-4 Clock and PLL Signals

Signal
Name

Signal
Type

State
during
Reset

Signal Description

EXTAL

Input

Input

External Clock/Crystal —This input should be connected
to an external clock source. If the PLL is enabled, this
signal is internally connected to the on-chip PLL. The PLL
can multiply the frequency on the EXTAL pin to generate
the internal DSP clock. The PLL output is divided by two
to produce a four-phase instruction cycle clock, with the
minimum instruction time being two PLL output clock
periods. If the PLL is disabled, EXTAL is divided by two
to produce the four-phase instruction cycle clock.
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External Memory Interface (EMI)

Table 2-4 Clock and PLL Signals (Continued)

Signal
Name

Signal
Type

State
during
Reset

Signal Description

PCAP

Input

Input

PLL Filter Capacitor—This input is used to connect a
high-quality (high “Q” factor) external capacitor needed
for the PLL filter. The capacitor should be as close as
possible to the DSP with heavy, short traces connecting
one terminal of the capacitor to PCAP and the other
terminal to Vcp. The required capacitor value is
specified in the DSP56004 Technical Data sheets.

When short lock time is critical, low dielectric absorption
capacitors such as polystyrene, polypropylene, or teflon
are recommended.

If the PLL is not used (i.e., it remains disabled at all
times), there is no need to connect a capacitor to the
PCAP pin. It may remain unconnected, or be tied to
either V. or GND.

PINIT

Input

Input

PLL Initialization (PINIT)—During the assertion of
hardware reset, the value on the PINIT line is written into
the PEN bit of the PCTL register. When set, the PEN bit
enables the PLL by causing it to derive the internal clocks
from the PLL voltage controlled oscillator output. When
the bit is cleared, the PLL is disabled and the DSP’s
internal clocks are derived from the clock connected to
the EXTAL signal. After hardware RESET is deasserted,
the PINIT signal is ignored.

2.5

EXTERNAL MEMORY INTERFACE (EMI)

Table 2-5 External Memory Interface (EMI) Signals

Signal State
Signal Name 9 during Signal Description
Type
Reset
MAO-MA14 Output |Table 2-6 |Memory Address Lines 0-14—MA0-MA10

provide the multiplexed row/column
addresses for DRAM accesses and MAO-MA14
provide the non-multiplexed address lines 0-14
for SRAM accesses.
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External Memory Interface (EMI)

Table 2-5 External Memory Interface (EMI) Signals (Continued)

Signal Name

Signal
Type

State
during
Reset

Signal Description

MA15/MCS3

Output

Table 2-6

Memory Address Line 15 (MA15)/Memory
Chip Select 3 (MCS3)—This line functions as
the non-multiplexed address line 15 or as
memory chip select 3 for SRAM accesses.

MA16/MCS2/
MCAS

Output

Table 2-6

Memory Address Line 16 (MA16)/Memory
Chip Select 2 (MCS2)/Memory Column
Address Strobe (MCAS)— This line functions
as the non-multiplexed address line 16 or as
memory chip select 2 for SRAM accesses. This
line also functions as the Memory Column
Address Strobe (MCAS) during DRAM
accesses.

MA17/MCS1/
MRAS

Output

Table 2-6

Memory Address Line 17 (MA17)/Memory
Chip Select 1 (MCS1)/Memory Row Address
Strobe (MRAS)—This line functions as the
non-multiplexed address line 17 or as chip
select 1 for SRAM accesses. This line also
functions as the Memory Row Address Strobe
during DRAM accesses.

Output

Table 2-6

Memory Chip Select 0—This line functions as
memory chip select 0 for SRAM accesses.

Output

Table 2-6

Memory Write Strobe—This line is asserted
when writing to external memory.

Output

Table 2-6

Memory Read Strobe—This line is asserted
when reading external memory.

MDO0-MD7

Bi-
directional

Tri-stated

Data Bus—These signals provide the
bidirectional data bus for EMI accesses. They
are inputs during reads from external memory,
outputs during writes to external memory, and
tri-stated if no external access is taking place. If
the data bus width is defined as four bits wide,
only signals MD0-MD3 are active, while signals
MD4-MD7 remain tri-stated. While tri-stated,
MDO0-MD?7 are disconnected from the pins and
do not require external pull-ups.

2-8
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External Memory Interface (EMI)

Table 2-6 EMI Operating States

Operating Mode

Signal Function Hardware Software Individual Stop Mode
Reset Reset Reset P
MAO-MA14 — Driven High Previous |Previous State | Previous State
State
MA15/MCS3 | MA15 Driven High | Driven High | Previous State | Previous State
MCS3 Driven High | Driven High | Driven High | Driven High
MA16/MCS2/ | MA16 Driven High | Driven High | Previous State | Previous State
MCAS
MCS2 Driven High | Driven High | Driven High | Driven High
MCAS:
DRAM
refresh
disabled Driven High | Driven High | Driven High | Driven High
DRAM
refresh
enabled Driven High | Driven High | Driven Low | Driven High
MA17/MCS1/ |MAL7 Driven High | Driven High |Previous State | Previous State
MRAS
MCS1 Driven High | Driven High | Driven High | Driven High
MRAS:
DRAM
refresh
disabled Driven High | Driven High | Driven High | Driven High
DRAM
refresh
enabled Driven High | Driven High | Driven Low | Driven High
MCSO0 — Driven High | Driven High | Driven High | Driven High
MWR — Driven High | Driven High | Driven High | Driven High
MRD — Driven High | Driven High | Driven High | Driven High
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Interrupt and Mode Control

2.6 INTERRUPT AND MODE CONTROL

The interrupt and mode control signals select the DSP’s operating mode as it comes
out of hardware reset and receives interrupt requests from external sources after

reset.

Table 2-7 Interrupt and Mode Control Signals

Signal
Name

Signal
Type

State during
Reset

Signal Description

MODA

Input

Input
(MODA)

Mode Select A—This input signal has three
functions:

= to work with the MODB and MODC signals
to select the DSP’s initial operating mode,

= toallow an external device to request a DSP
interrupt after internal synchronization, and

= toturn on the internal clock generator when
the DSP in the Stop processing state, causing
the DSP to resume processing.

MODA is read and internally latched in the DSP
when the processor exits the Reset state. The logic
state present on the MODA, MODB, and MODC pins
selects the initial DSP operating mode. Several clock
cycles after leaving the Reset state, the MODA signal
changes to the external interrupt request IRQA. The
DSP operating mode can be changed by software
after reset.

External Interrupt Request A (IRQA)—The IRQA
input is a synchronized external interrupt request. It
may be programmed to be level-sensitive or
negative-edge-triggered. When the signal is edge
triggered, triggering occurs at a voltage level and is
not directly related to the fall time of the interrupt
signal. However, as the fall time of the interrupt
signal increases, the probability that noise on IRQA
will generate multiple interrupts also increases.

While the DSP is in the Stop mode, asserting IRQA
gates on the oscillator and, after a clock stabilization
delay, enables clocks to the processor and
peripherals. Hardware reset causes this input to
function as MODA.

2-10
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Table 2-7 Interrupt and Mode Control Signals (Continued)

Signal
Name

Signal
Type

State during
Reset

Signal Description

MODB

Input

Input
(MODB)

Mode Select B— This input signal has two functions:

< to work with the MODA and MODC signals
to select the DSP’s initial operating mode, and

= to allow an external device to request a DSP
interrupt after internal synchronization.

MODRB is read and internally latched in the DSP
when the processor exits the Reset state. The logic
state present on the MODA, MODB, and MODC pins
selects the initial DSP operating mode. Several clock
cycles after leaving the Reset state, the MODB signal
changes to the external interrupt request IRQB. The
DSP operating mode can be changed by software
after reset.

External Interrupt Request B (IRQB)—The IRQB
input is a synchronized external interrupt request. It
may be programmed to be level-sensitive or
negative-edge-triggered. When the signal is
edge-triggered, triggering occurs at a voltage level
and is not directly related to the fall time of the
interrupt signal. However, as the fall time of the
interrupt signal increases, the probability that noise
on IRQB will generate multiple interrupts also
increases. Hardware reset causes this input to
function as MODB.
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Table 2-7 Interrupt and Mode Control Signals (Continued)

Signal
Name

Signal
Type

State during
Reset

Signal Description

MODC/
NMI

Input,
edge-
triggered

Input
(MODC)

Mode Select C—This input signal has two functions:

< to work with the MODA and MODB signals
to select the DSP’s initial operating mode, and

= to allow an external device to request a DSP
interrupt after internal synchronization.

MODC is read and internally latched in the DSP
when the processor exits the Reset state. The logic
state present on the MODA, MODB, and MODC pins
selects the initial DSP operating mode. Several clock
cycles after leaving the Reset state, the MODC signal
changes to the Non-Maskable Interrupt request,
NMI. The DSP operating mode can be changed by
software after reset.

Non-Maskable Interrupt Request—The NMI input
is a negative-edge-triggered external interrupt
request. This is a level 3 interrupt that can not be
masked out. Triggering occurs at a voltage level and
is not directly related to the fall time of the interrupt
signal. However, as the fall time of the interrupt
signal increases, the probability that noise on NMI
will generate multiple interrupts also increases.
Hardware reset causes this input to function as
MODC.
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Table 2-7 Interrupt and Mode Control Signals (Continued)

Signal
Name

Signal
Type

State during
Reset

Signal Description

RESET

input

active

RESET—This input causes a direct hardware reset of
the processor. When RESET is asserted, the DSP is
initialized and placed in the Reset state. A
Schmitt-trigger input is used for noise immunity. When
the reset signal is deasserted, the initial DSP operating
mode is latched from the MODA, MODB, and MODC
signals. The DSP also samples the PINIT signal and
writes its status into the PEN bit of the PLL Control
Register. When the DSP comes out of the Reset state,
deassertion occurs at a voltage level and is not
directly related to the rise time of the RESET signal.
However, the probability that noise on RESET will
generate multiple resets increases with increasing
rise time of the RESET signal.

For proper hardware reset to occur, the clock must be
active, since a number of clock ticks are required for
proper propagation of the hardware reset state.
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Serial Host Interface (SHI)

2.7 SERIAL HOST INTERFACE (SHI)

The Serial Host Interface (SHI) has five 1/0 signals, which may be configured to
operate in either SPI or 1°C mode. Table 2-8 lists the SHI signals.

Table 2-8 Serial Host Interface (SHI) signals

Signal Name

Signal
Type

State
during
Reset

Signal Description

SCK

SCL

Input or
Output

Input or
Output

Tri-stated

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

12C Serial Clock (SCL)—SCL carries the clock for
bus transactions in the 1°C mode. SCL is a
Schmitt-trigger input when configured as a slave,
and an open-drain output when configured as a
master. SCL should be connected to V¢ through a
pull-up resistor. The maximum allowed internally
generated bit clock frequency is 7°5¢/, for the SPI
mode and 725/, for the 1°C mode where F. is the
clock on EXTAL. The maximum allowed
externally generated bit clock frequency is 70/,
for the SPI mode and 72/ for the 1°C mode. This
signal is tri-stated during hardware reset, software
reset, or individual reset (no need for external
pull-up in this state).
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Serial Host Interface (SHI)

Table 2-8 Serial Host Interface (SHI) signals (Continued)

Signal Name

Signal
Type

State
during
Reset

Signal Description

MISO

SDA

Input or
Output

Input or
Output

Tri-stated

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

12C Serial Data and Acknowledge (SDA)—In 12C
mode, SDA is a Schmitt-trigger input when
receiving and an open-drain output when
transmitting. SDA should be connected to V¢
through a pull-up resistor. SDA carries the data for
I°C transactions. The data in SDA must be stable
during the high period of SCL. The data in SDA is
only allowed to change when SCL is low. When
the bus is free, SDA is high. The SDA line is only
allowed to change during the time SCL is high in
the case of Start and Stop events. A high-to-low
transition of the SDA line while SCL is high is an
unique situation, and is defined as the Start event.
A low-to-high transition of SDA while SCL is high
is an unique situation, and is defined as the Stop
event.

Note: This line is tri-stated during hardware reset,
software reset, or individual reset (no need for
external pull-up in this state).
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Table 2-8 Serial Host Interface (SHI) signals (Continued)

Signal State
Signal Name g during Signal Description
Type
Reset
MOSI Input or Tri-stated | SP1 Master-Out-Slave-In (MISO)—When the SPI
Output is configured as a master, MOSI is the master data

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

HAO Input 12C Slave Address 0 (HA0)—This signal uses a
Schmitt-trigger input when configured for the 12C
mode. When configured for 1°C Slave mode, the
HAO signal is used to form the slave device
address. HAOQ is ignored when the SHI is
configured for the 1°C Master mode.

Note: This signal is tri-stated during hardware reset,
software reset, or individual reset (no need for
external pull-up in this state).

SS Input Tri-stated | SPI Slave Select (SS)—This signal is an active low
Schmitt-trigger input when configured for the SPI
mode. When configured for the SPI Slave mode,
this signal is used to enable the SPI slave for
transfer. When configured for the SPI Master
mode, this signal should be kept deasserted. If it is
asserted while configured as SPI master, a bus
error condition will be flagged.

HAZ2 Input 12C Slave Address 2 (HA2)—This signal uses a
Schmitt-trigger input when configured for the 1°C
mode. When configured for the 1“C Slave mode,
the HAZ2 signal is used to form the slave device
address. HA2 is ignored in the 1°C Master mode. If
SS is deasserted, the SHI ignores SCK clocks and
keeps the MISO output signal in the
high-impedance state.

Note: This signal is tri-stated during hardware reset,
software reset, or individual reset (no need for
external pull-up in this state).
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Table 2-8 Serial Host Interface (SHI) signals (Continued)

Signal Name

Signal
Type

State
during
Reset

Signal Description

HREQ

Input or
Output

Tri-stated

Host Request—This signal is an active low
Schmitt-trigger input when configured for the
Master mode, but an active low output when
configured for the Slave mode. When configured
for the Slave mode, HREQ is asserted to indicate
that the SHI is ready for the next data word
transfer and deasserted at the first clock pulse of
the new data word transfer. When configured for
the Master mode, HREQ is an input and when
asserted by the external slave device, it will trigger
the start of the data word transfer by the master.
After finishing the data word transfer, the master
will await the next assertion of HREQ to proceed
to the next transfer.

Note: This signal is tri-stated during hardware,
software, individual reset, or when the
HREQ[1:0] bits (in the HCSR) are cleared (no
need for external pull-up in this state).
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2.8 SERIAL AUDIO INTERFACE (SAl)

The SAI is composed of separate receiver and transmitter sections.

2.8.1

SAIl Receiver Section

Table 2-9 Serial Audio Interface (SAI) Receiver signals

Signal
Name

Signal
Type

State
during
Reset

Signal Description

SDI0

Input

Tri-stated

Serial Data Input 0—While in the high
impedance state, the internal input buffer is
disconnected from the pin and no external
pull-up is necessary. SDIO is the serial data
input for receiver 0.

Note: This signal is high impedance during
hardware or software reset, while receiver 0
is disabled (ROEN = 0), or while the DSP is
in the Stop state.

SDI1

Input

Tri-stated

Serial Data Input 1—While in the high
impedance state, the internal input buffer is
disconnected from the pin and no external
pull-up is necessary. SDI1 is the serial data
input for receiver 1.

Note: This signal is high impedance during
hardware or software reset, while receiver 1
is disabled (R1EN = 0), or while the DSP is
in the Stop state.

SCKR

Input or
Output

Tri-stated

Receive Serial Clock—SCKR is an output if the
receiver section is programmed as a master,
and a Schmitt-trigger input if programmed as a
slave. While in the high impedance state, the
internal input buffer is disconnected from the
pin and no external pull-up is necessary.

Note: SCKR is high impedance if all receivers are
disabled (individual reset) and during
hardware or software reset, or while the
DSP is in the Stop state.
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Table 2-9 Serial Audio Interface (SAI) Receiver signals (Continued)

Signal Signal State
Ngme Tg e during Signal Description
yp Reset
WSR Input or Tri-stated Word Select Receive (WSR)—WSR is an
Output output if the receiver section is configured as a

master, and a Schmitt-trigger input if
configured as a slave. WSR is used to
synchronize the data word and to select the
left/right portion of the data sample.

Note: WSR is high impedance if all receivers are
disabled (individual reset), during
hardware reset, during software reset, or
while the DSP is in the Stop state. While in
the high impedance state, the internal input
buffer is disconnected from the signal and
no external pull-up is necessary.
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2.8.2 SAIl Transmitter Section

Table 2-10 Serial Audio Interface (SAI) Transmitter signals

Signal Signal State
during Signal Description
Name Type Reset

SDOO0 Output Driven Serial Data Output 0 (SDO0)—SDOOQO is the serial
High output for transmitter 0. SDOO is driven high if
transmitter 0 is disabled, during individual reset,
hardware reset, and software reset, or when the DSP
is in the Stop state.

SDO1 Output Driven Serial Data Output 1 (SDO1)—SDOL1 is the serial
High output for transmitter 1. SDOL1 is driven high if
transmitter 1 is disabled, during individual reset,
hardware reset and software reset, or when the DSP
is in the Stop state.

SDO2 Output Driven Serial Data Output 2 (SDO2)—SDO2 is the serial
High output for transmitter 2. SDO?2 is driven high if
transmitter 2 is disabled, during individual reset,
hardware reset and software reset, or when the DSP
is in the Stop state.

SCKT Input or Tri-stated | Serial Clock Transmit (SCKT)—This signal

Output provides the clock for the SAIL. SCKT can be an
output if the transmit section is configured as a
master, or a Schmitt-trigger input if the transmit
section is configured as a slave. When the SCKT is an
output, it provides an internally generated SAI
transmit clock to external circuitry. When the SCKT
is an input, it allows external circuitry to clock data
out of the SAI.

Note: SCKT is high impedance if all transmitters are
disabled (individual reset), during hardware reset,
software reset, or while the DSP is in the Stop
state. While in the high impedance state, the
internal input buffer is disconnected from the pin
and no external pull-up is necessary.
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Table 2-10 Serial Audio Interface (SAI) Transmitter signals (Continued)

General Purpose I/O

Signal Signal Sta_te . —
Name Type during Signal Description
Reset
WST Input or Tri-stated | Word Select Transmit (WST)—WST is an output if
Output the transmit section is programmed as a master, and

a Schmitt-trigger input if it is programmed as a slave.
WST is used to synchronize the data word and select
the left/right portion of the data sample.

Note: WST is high impedance if all transmitters are
disabled (individual reset), during hardware or
software reset, or while the DSP is in the Stop
state. While in the high impedance state, the
internal input buffer is disconnected from the pin
and no external pull-up is necessary.

2.9 GENERAL PURPOSE I/O

Table 2-11 General Purpose 1/0 (GPIO) Signals

input.

Note:

?\:grr:]a; S.Fgg:' Statse(iz:mg Signal Description
GPIO0- Standard | Disconnected | GPIO lines can be used for control and
GPIO3 Output, handshake functions between the DSP and
Open-drain external circuitry. Each GPIO line can be
Output, or configured individually as disconnected,
Input open-drain output, standard output, or an

Hardware reset or software reset
configures all the GPIO lines as
disconnected (external circuitry
connected to these pins may need

pull-ups until the pins are configured

for operation).
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2.10 ON-CHIP EMULATION (OnCE™) PORT

There are four signals associated with the OnCE port controller and its serial
interface.

Table 2-12 On-Chip Emulation Port Signals

Signal Signal Sta}te . .
Name Type during Signal Description
Reset
DSl Input Output, Debug Serial Input (DSI)—The DSI signal is the
Driven signal through which serial data or commands are
Low provided to the OnCE port controller. The data
received on the DSI signal will be recognized only
when the DSP has entered the Debug mode of
operation. Data must have valid TTL logic levels
before the serial clock falling edge. Data is always
shifted into the OnCE port Most Significant Bit (MSB)
first.
0s0 Output Operating Status 0 (OS0)—When the DSP is not in

the Debug mode, the OS0 signal provides
information about the DSP status if it is an output
and used in conjunction with the OS1 signal. When
switching from output to input, the signal is
tri-stated.

Note: If the OnCE portis in use, an external
pull-down resistor should be attached to the
DSI/0S0 signal. If the OnCE port is not in use,
the resistor is not required.
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Table 2-12 On-Chip Emulation Port Signals (Continued)

Signal Signal Sta_te . .
Name Type during Signal Description
Reset
DSCK Input Output, Debug Serial Clock (DSCK)—The DSCK/0S1
Driven signal, when an input, is the signal through which
Low the serial clock is supplied to the OnCE port. The
serial clock provides pulses required to shift data
into and out of the OnCE port. Data is clocked into
the OnCE port on the falling edge and is clocked
out of the OnCE port on the rising edge.
OsSs1 Output Operating Status 1 (OS1)—If the OS1 signal is an

output and used in conjunction with the OSO
signal, it provides information about the DSP
status when the DSP is not in the Debug mode. The
debug serial clock frequency must be no greater
than 1/8 of the processor clock frequency. The
signal is tri-stated when it is changing from input
to output.

Note: If the OnCE port is in use, an external
pull-down resistor should be attached to the
DSCK/0S1 pin. If the OnCE port is not in use,
the resistor is not required.
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Table 2-12 On-Chip Emulation Port Signals (Continued)

Signal Signal State
Ngme Tg o during Signal Description
yp Reset
DSO Output Driven Debug Serial Output (DSO)—The DSO line
High provides the data contained in one of the OnCE

port controller registers as specified by the last
command received from the command controller.
The Most Significant Bit (MSB) of the data word is
always shifted out of the OnCE port first. Data is
clocked out of the OnCE port on the rising edge of
DSCK.

The DSO line also provides acknowledge pulses to
the external command controller. When the DSP
enters the Debug mode, the DSO line will be
pulsed low to indicate that the OnCE port is
waiting for commands. After receiving a read
command, the DSO line will be pulsed low to
indicate that the requested data is available and the
ONnCE port is ready to receive clock pulses in order
to deliver the data. After receiving a write
command, the DSO line will be pulsed low to
indicate that the OnCE port is ready to receive the
data to be written; after the data is written, another
acknowledge pulse will be provided.

Note: During hardware reset and when idle, the DSO
line is held high.
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Table 2-12 On-Chip Emulation Port Signals (Continued)

Signal Signal State
Ngme Tg o during Signal Description
yp Reset
DR Input Input Debug Request (DR)—The debug request input

provides a means of entering the Debug mode of
operation. This signal, when asserted (pulled low),
will cause the DSP to finish the current instruction
being executed, to save the instruction pipeline
information, to enter the Debug mode, and to wait
for commands to be entered from the debug serial
input line. While the DSP is in the Debug mode, the
user can reset the OnCE port controller by
asserting DR, waiting for an acknowledge pulse on
DSO, and then deasserting DR. It may be necessary
to reset the OnCE port controller in cases where
synchronization between the OnCE port controller
and external circuitry is lost. Asserting DR when
the DSP is in the Wait or the Stop mode, and
keeping it asserted until an acknowledge pulse in
the DSP is produced, puts the DSP into the Debug
mode. After receiving the acknowledge pulse, DR
must be deasserted before sending the first OnCE
port command. For more information, see Methods
Of Entering The Debug Mode in the DSP56000
Family Manual.

Note: If the OnCE portis not in use, an external
pull-up resistor should be attached to the DR
line.

&S
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Memory, Operating Modes, and Interrupts

Introduction

3.1 INTRODUCTION

The DSP56004 program and data memories are independent, and the on-chip data
memory is divided into two separate memory spaces, X and Y. There are also two
on-chip data ROMs in the X and Y data memory spaces, and a bootstrap ROM. The
data memories are divided into two independent spaces to work with the two
address ALUs to feed two operands simultaneously to the Data ALU. This section
also includes details of the interrupt vectors and priorities and describes the effect of
a hardware reset on the PLL Multiplication Factor (MF).

3.2 DSP56004 PROGRAM AND DATA MEMORY

External memory cannot be accessed as a direct extension of the internal memory.
The standard DSP56004 contains no on-chip Program ROM. The DSP56004ROM can
have a generic ROM code (listed in Appendix A), or other programming supplied by
the application developer. Table 3-1 shows the available internal memory,
depending on the specific DSP56004 configuration.

Table 3-1 Memory Configurations (Word width is 24 bits)

Program X Data Y Data Boot-
Part Type Mode strap
ROM | RAM | ROM | RAM | ROM | RAM | ROM
DSP56004 — None 512 256 256 256 256 64
logo)x Sine
2X
DSP56004ROM — 2560* 256 256* 256 256* 256 32

*These ROMs may be factory-programmed with data/Zprogram provided by the
application developer.

Note: Location X:$FFFE is the Bus Control Register (BCR) for the DSP56000 core
processor. Although labelled reserved on this DSP, the BCR remains active.
The BCR is cleared by reset and should remain cleared (i.e., do not write to
this location) even though this DSP does not require the BCR function.

The internal program and data memory maps for the non-ROM DSP56004 are shown
in Figure 3-1 on page 3-4. The internal program and data memory maps for the
DSP56004ROM are shown in Figure 3-2 on page 3-4.
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DSP56004 Program and Data Memory

PROGRAM MEMORY
P: RAM =512 x 24
P: ROM =0 x 24

X DATA MEMORY
X: RAM =256 x 24
X: ROM = 256 x 24

Y DATA MEMORY
Y: RAM = 256 x 24
Y: ROM = 256 x 24

$FFFF ON-CHIP
$FFCO PERIPHERALS
$FFBF

RESERVED RESERVED

RESERVED
$0200
$01FF INTERNAL INTERNAL
$0100 INTERNAL ROM ROM
$00FF RAM INTERNAL INTERNAL
$0000 RAM RAM
Figure 3-1 DSP56004 Internal Memory Map
PROGRAM MEMORY X DATA MEMORY Y DATA MEMORY
P: RAM = 256 x 24 X: RAM = 256 x 24 Y: RAM = 256 x 24
P: ROM = 2560 x 24 X: ROM = 256 x 24 Y: ROM = 256 x 24
$FFFF ON-CHIP
PERIPHERALS
iEEgS RESERVED
$0E00
RESERVED
$0DFF INTERNAL
RESERVED

$0400 ROM
$03FF
$0200

RESERVED
$01FF INTERNAL INTERNAL
$0100 ROM ROM
$00FF INTERNAL INTERNAL INTERNAL
$0000 RAM RAM RAM

Figure 3-2 DSP56004ROM Internal Memory Map
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3.2.1 X Data ROM

The X Data ROM occupies locations 256-511 in the X data memory space. The X data
ROM is factory programmed with a log,x table (for 0.5 < x < 1) in locations 256-383
and a 2% table (for 0.5 < 2X < 1) in locations 384-511. The contents of the X Data ROM
are shown in Appendix A. For more detailed information, contact the Motorola DSP
technical help line.

3.2.1.1 Assembler Routine To Access The Log,(x) Table
The routine log,_addr receives a normalized value of x in register X0 and returns the
address in RO that points to the log,(x) value.

; Xx = 0.5 (1 + (addr - 256/128)) ; where addr ranges from
; 256 to 383 addr = 128 + 256 * X

| og2_addr nove #>$80, a
nmac x0, #15, a
nmove al, r0
rts
3.2.1.2 Assembler Routine To Access The 2X Table

The routine pow2_addr receives a normalized value of x in YO and returns the
address in R1 that points to the 2* value.

; x=-1.0 (1 - (addr - 384/128)); where addr ranges from
; 384 to 511 addr = 128 * x + 512

pow2_addr nove #>$200, a
nac y0, #16, a
nove al, rl

rts

3.2.2 Y Data ROM

The Y data ROM occupies locations 256-511 in the Y data memory space. The Y data
ROM is factory programmed with a full, four-quadrant sine wave table. The contents
of the Y data ROM are listed in Appendix A. For more detailed information, contact
the Motorola DSP technical help line.
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3.2.3 DSP56004 Bootstrap ROM

The DSP56004 incorporates 64 words of bootstrap ROM. The bootstrap ROM is
accessible when MC:MB:MA are not equal to 000. The DSP56004 can bootstrap from
external EPROM attached to the EMI, through the Serial Host Interface (SHI) using
the SPI protocol, or through the SHI using the 1°C protocol, depending on how the
three mode pins (MC:MB:MA) are configured.

Programs can be loaded from external EPROM if MC:MB:MA = 001. The internal
Program RAM is loaded with 1,536 consecutive bytes from an EPROM connected to
the EMI. The EPROM is located at the EMI address $0, when operating the EMI in the
SRAM Absolute Addressing mode (EAM2-EAMO = 000). It is assumed that the
EPROM is selected (enabled) through the GPIO3 pin, which is driven low in this
Bootstrap mode. The GP1O3 output is programmed to be of the active high/active
low type. The bytes will be packed into 512 24-bit words and stored in contiguous
Program RAM memory locations starting at P:$0000.

Note: The routine loads data starting with the least significant byte of P:$0000. The
OnCE port is enabled by the EMI bootstrap.

Programs can be loaded from the Serial Host Interface (SHI) in the SPI mode if
MC:MB:MA = 101, or in the 1°C mode if MC:MB:MA = 111. The internal Program
RAM is loaded with up to 512 words that are 24-bits long and are received through
the SHI. The SHI operates in the Slave mode, with the 10-word FIFO enabled, and
with the HREQ pin enabled for receive operation. The OnCE port is enabled by the
bootstrap code.

The contents of the bootstrap ROM are listed Appendix A.

3.2.4 DSP56004ROM Bootstrap ROM

The DSP56004ROM incorporates 32 words of bootstrap ROM. The bootstrap ROM is
accessible when MC:MB:MA are not equal to 000. The bootstrap code is used to
implement the operating modes upon hardware reset. The PROM module is always
enabled and is accessible via the OnCE port whenever Debug mode is used.

Note: The DSP56004ROM version has 256 words of Program RAM and the boostrap
program in this version has been adapted to this Program RAM size.
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3.2.5 DSP56004ROM Program ROM

For the DSP56004ROM only, the Program ROM occupies locations $2000-$47FF in
the program memory space. The functions contained in the Program ROM are listed
in Appendix A. For more detailed information, contact the Motorola DSP technical
help line.

Note: The standard DSP56004 contains no Program ROM.

3.2.6 Reserved Memory Spaces

The reserved memory spaces should not be accessed by the user. They are reserved
for future expansion. Write operations to the reserved range are ignored. Read
operations from addresses in the reserved range return the value $000005. If an
instruction fetch is attempted from an address in the reserved area, the value
returned is $000005, which is the opcode for the ILLEGAL instruction.

3.2.7 Internal I/O Memory Map

The DSP56004 on-chip peripheral modules have their register files programmed to
the addresses in the internal 1/0 memory range, as shown in Table 3-2 on page 3-7.

Note: Location X:$FFFE is the Bus Control Register (BCR) for the DSP56000 core.
Although labelled reserved on the DSP56004, the BCR remains active. The
BCR is cleared by reset and should remain cleared (i.e., do not write to this
location) since the DSP56004 does not make use of the BCR function.

Table 3-2 Internal /0 Memory Map

Location Register

X: $FFFF Interrupt Priority Register (IPR)
X: $FFFE Reserved

X: $FFFD PLL Control Register (PCTL)

X: $FFFC Reserved

X: $FFFB Reserved

X: $FFFA Reserved

X: $FFF9 Reserved

X: $FFF8 Reserved

MOTOROLA DSP56004 User’s Manual 3-7



Memory, Operating Modes, and Interrupts

DSP56004 Program and Data Memory

Table 3-2 Internal /0 Memory Map (Continued)

Location Register

X: $FFF7 GPIO Control/Data Register (GPIOR)

X: $FFF6 EMI Write Offset Register (EWOR)

X: $FFF5 Reserved

X: $FFF4 Reserved

X: $FFF3 SHI Receive FIFO/Transmit Register (HRX/HTX)
X: $FFF2 SHI 12C Slave Address Register (HSAR)
X: $FFF1 SHI Host Control/Status Register (HCSR)
X: $FFF0 SHI Host Clock Control Register (HCKR)
X: $FFEF EMI Refresh Control Register (ERCR)

X: $FFEE EMI Data Register 1 (EDRR1/EDWR1)
X: $FFED EMI Offset Register 1 (EOR1)

X: $FFEC EMI Base Address Register 1 (EBAR1)

X: $FFEB EMI Control/Status Register (ECSR)

X: $FFEA EMI Data Register 0 (EDRRO/EDWRO)
X: $FFE9 EMI Offset Register 0 (EOROQ)

X: $FFES8 EMI Base Address Register 0 (EBARO)

X: $FFE7 SAIl TX2 Data Register (TX2)

X: $FFE6 SAI TX1 Data Register (TX1)

X: $FFE5 SAIl TX0 Data Register (TX0)

X: $FFE4 SAIl TX Control/Status Register (TCS)

X: $FFE3 SAI RX1 Data Register (RX1)

X: $FFE2 SAI RX0 Data Register (RX0)

X: $FFE1 SAI RX Control/Status Register (RCS)

X: $FFEOQ SAIl Baud Rate Control Register (BRC)

X: $FFDF Reserved

X: $FFCO Reserved
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3.3 OPERATING MODE REGISTER (OMR)

The Operating Mode Register (OMR) is illustrated in Figure 3-3.

23 7 6 5 4 3 2 1 0

SD MC MB | MA

A A A A
Operating Mode A,B
Operating Mode C
Stop Delay

[ Bits 2,3, 5 ,and 7—23 are reserved, read as 0s, and should be written with Os
for future compatibility. AA0291k

Figure 3-3 Operating Mode Register (OMR)

3.3.1 DSP Operating Mode (MC, MB, MA)—Bits 4, 1, and O

The DSP operating mode bits, MC, MB, and MA, select the operating mode of the
DSP56004. These operating modes are described in Section 3.4 Operating Modes
on the following page. On hardware reset, MC, MB, and MA are loaded from the
external mode select pins MODC, MODB, and MODA, respectively. After the DSP
leaves the reset state, MC, MB, and MA can be changed under software control.

3.3.2 Stop Delay (SD)—Bit 6

When leaving the Stop state, the Stop Delay (SD) bit is interrogated. If cleared

(SD =0), a 65,535 core clock cycle delay (131,072 T states) is implemented before
continuation of the STOP instruction cycle. If the SD bit is set (SD = 1), the delay
before continuation of the STOP instruction cycle is set as eight clock cycles (16 T
states). When the DSP is driven by a stable external clock source, setting the SD bit
before executing the STOP instruction will allow a faster start up of the DSP.
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Operating Modes

3.4

OPERATING MODES

The DSP56004 operating modes are described in detail below and summarized in
Table 3-3 on page 3-11. The operating modes for the DSP56004 are identical to the
DSP56004ROM except that there is no Mode 2, and if Mode 0 is selected during
hardware reset, the chip will default to Mode 1 instead of Mode 2.

Each operating mode is described below.

Mode 0—In this mode, the internal Program RAM is enabled and the
bootstrap ROM is disabled. All bootstrap programs end by selecting this
operating mode. This is identical to the DSP56001/DSP56002 Mode 0. It is not
possible to reach this operating mode during hardware reset. If an attempt is
made, the chip will default to Mode 1. Mode 1 bootstrap terminates by setting
the operating mode to 0 and jumping to the reset vector at address $0000.

Mode 1—In this mode, the bootstrap ROM is enabled and the bootstrap
program is executed after hardware reset. The internal Program RAM is
loaded with up to 512 words from an external byte-wide static memory
connected to the External Memory Interface (EMI). The EMI operates in the
SRAM Absolute Addressing mode with the slowest SRAM timing. It is
assumed that the chip select control for the external memory is the GPI1O3 pin.
The on-chip X and Y data memories are cleared. This Bootstrap mode enables
operation of the OnCE interface immediately after clearing the internal
memories and before starting to load from the external memory; this permits
using the OnCE port to stop the bootstrap program and load the internal
Program RAM through the OnCE port. Mode 1 bootstrap terminates by
setting the operating mode to Mode 0 and jumping to the reset vector at
address $0000.

Mode 2—For the DSP56004ROM, in this mode, the bootstrap ROM is enabled
and the bootstrap program is executed after hardware reset. The bootstrap
program ends up in the first location of the Program ROM (program address
$2000). For the DSP56004, this mode is reserved.

Mode 3—Reserved
Mode 4—Reserved

Mode 5—In this mode, the bootstrap ROM is enabled and the bootstrap
program is executed after hardware reset. The internal Program RAM is
loaded with up to 512 words from the Serial Host Interface (SHI). The SHI
operates in the SPI Slave mode, with 24-bit word width. The on-chip X and Y
data memories are cleared. This bootstrap mode enables operation of the
OnCE interface immediately after clearing the internal memories and before
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Interrupt Priority Register

starting to load from the external memory; this permits using the OnCE port
to stop the bootstrap program and load the internal Program RAM through
the OnCE port. Mode 5 bootstrap terminates by setting the operating mode to
Mode 0 and jumping to the reset vector at address $0000.

Mode 6—Reserved

Mode 7—In this mode, the bootstrap ROM is enabled and the bootstrap
program is executed after hardware reset. The internal Program RAM is
loaded with up to 512 words from the Serial Host Interface (SHI). The SHI
operates in the 1°C Slave mode, with 24-bit word width. The on-chip X and Y
data memories are cleared. This bootstrap mode enables operation of the
OnCE interface immediately after clearing the internal memories and before
starting to load from the external memory; this permits using the OnCE port
to stop the bootstrap program and load the internal Program RAM through
the OnCE port. Mode 7 bootstrap terminates by setting the operating mode to
Mode 0 and jumping to the reset vector at address $0000.

Table 3-3 Operating Modes

Mode I\élglxl Operating Mode
0 000 Normal operation, bootstrap disabled
1 001 Bootstrap from EMI, OnCE port enabled
2 010 Wake up in Program ROM address $2000 (DSP56004ROM)
3 011 Reserved
4 100 Reserved
5 101 Bootstrap from SHI (SPI mode)l, OnCE port enabled
6 110 Reserved
7 111 Bootstrap from SHI (12C mode)l, OnCE port enabled

Note:

3.5

The OnCE port operation is enabled at hardware reset. This means the device
can enter the Debug mode at any time after hardware reset.

INTERRUPT PRIORITY REGISTER

Interrupt priorities are determined in the 24-bit Interrupt Priority Register (IPR). The
Interrupt Priority Level (IPL) for each on-chip peripheral device and for two of the
external interrupt sources, can be programmed, under software control, to one of
three maskable priority levels (IPL 0,1, or 2). IPLs are set by writing to the IPR. The
IPR configuration is shown in Figure 3-4.
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11 10 9 8 7 6 5 4 3 2 1 0

[saLtfsacof | | [ [m.L2|BL1]BLO|IAL2|1ALL [IALO |
A A A A A A A A A A A A
IRQA Mode
IRQB Mode
Reserved
SAI IPL
23 22 21 20 19 18 17 16 15 14 13 12
[ | | | | | | | [emui|emio[sHL1|sHLo]
A A A A A A A A A A A A
SHIIPL
EMI IPL
Reserved
|:| Reserved, read as 0, and should be written with Os for future compatibility. AA0292

Figure 3-4 Interrupt Priority Register (Address X:$FFFF)

= Bits 0-5 of the IPR are used by the DSP56000 core for two of the external
interrupt request inputs, IRQA (IAL[2:0]) and IRQB (IBL[2:0]). Assuming the
same IPL, IRQA has higher priority than IRQB.

e Bits 6-9 and 16-23 are reserved for future use.

= Bits 10-15 are available for determining IPLs for each peripheral (EMI, SHI,
SAIl). Two IPL bits are required for each peripheral interrupt group.

The interrupt priorities are shown in Table 3-4 and the interrupt vectors are shown
in Table 3-5.

Table 3-4 Interrupt Priorities

Priority Interrupt

Level 3 (Nonmaskable)

Highest Hardware RESET

Illegal Instruction

NMI

Stack Error

Trace

SWiI

Lowest
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Table 3-4 Interrupt Priorities (Continued)

Priority Interrupt
Levels 0, 1, 2 (Maskable)
Highest IRQA
IRQB

SAI Receiver Exception

SAIl Transmitter Exception

SAIl Left Channel Receiver

SAIl Left Channel Transmitter

SAI Right Channel Receiver

SAIl Right Channel Transmitter

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

EMI EBARO Memory Wrap

EMI EBAR1 Memory Wrap

EMI Read Data

Lowest EMI Write Data
Table 3-5 Interrupt Vectors
Address Interrupt Source
P: $0000 Hardware RESET
P: $0002 Stack Error
P: $0004 Trace
P: $0006 SWI
P: $0008 IRQA
P: $000A IRQB
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Table 3-5 Interrupt Vectors (Continued)

Address Interrupt Source

P: $000C Reserved

P: $000E Reserved

P: $0010 SAI Left Channel Transmitter if TXIL =0
P: $0012 SAI Right Channel Transmitter if TXIL =0
P: $0014 SAIl Transmitter Exception if TXIL =0

P: $0016 SAI Left Channel Receiver if RXIL =0

P: $0018 SAI Right Channel Receiver if RXIL =0
P: $001A SAI Receiver Exception if RXIL =0

P: $001C Reserved

P: $001E NMI

P: $0020 SHI Transmit Data

P: $0022 SHI Transmit Underrun Error

P: $0024 SHI Receive FIFO Not Empty

P: $0026 Reserved

P: $0028 SHI Receive FIFO Full

P: $002A SHI Receive Overrun Error

P: $002C SHI Bus Error

P: $002E Reserved

P: $0030 EMI Write Data

P: $0032 EMI Read Data

P: $0034 EMI EBARO Memory Wrap

P: $0036 EMI EBAR1 Memory Wrap

P: $0038 Reserved

P: $003C Reserved

P: $003E Illegal Instruction

P: $0040 SAI Left Channel Transmitter if TXIL =1
P: $0042 SAI Right Channel Transmitter if TXIL =1
P: $0044 SAIl Transmitter Exception if TXIL =1

P: $0046 SAI Left Channel Receiver if RXIL =1
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Table 3-5 Interrupt Vectors (Continued)

Address Interrupt Source

P: $0048 SAIl Right Channel Receiver if RXIL =1
P: $004A SAI Receiver Exception if RXIL =1

P: $004C Reserved

P: $007E Reserved

3.6 PHASE LOCK LOOP (PLL) CONFIGURATION

Section 9 of the DSP56000 Family Manual provides detailed information about the
Phase Lock Loop (PLL). The PLL Multiplication Factor (MF) and the clock applied to
EXTAL determine the frequency at which the Voltage Controlled Oscillator (VCO)
will oscillate, that is, the output frequency of the PLL.

If the PLL is used as the DSP internal clock:

e the PLL VCO output is used directly as the internal DSP clock if the PLL
Control Register (PCTL) Chip Clock Source Bit (CSRC) is set, and

e the PLL VCO frequency is divided by the Low Power Divider (LPD) and then
used as the internal DSP clock if CSRC is cleared.

The DSP56004 PLL Multiplication Factor is set to $500 during hardware reset, which
means that the Multiplication Factor bits (MF[11:0]) in the PCTL are set to $1F3. The
PLL may be disabled (PEN = 0) upon reset by pulling the PINIT pin low. The DSP
will subsequently operate at the frequency of the clock applied to the EXTAL pin
until the PEN bit is set. This reset value cannot be modified by the user until the DSP
comes out of reset. The Low Power Divider (LPD) Division Factor bits (DF[3:0] in the
PCTL) are cleared during hardware reset. Once the PEN bit is set, it cannot be cleared
by software.
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Hardware Reset Operation

EXTAL<—  phase Charge Voltage Low
Pump Controlled Power o
Detector > » S —
(PD) |  Loop ~| oOscillator Divider Divider Out
Filter (VCO) 2010 215
DF[3:0]
» VCO Out
Frequency
Multiplier
Multiplication [
Factor
1 to 4096
MF[11:0] AA0293k

Figure 3-5 PLL Configuration
3.7 HARDWARE RESET OPERATION

The processor enters the Reset processing state after the external RESET pin is
asserted (hardware reset occurs) for the specified minimum time (See DSP56004
Technical Data sheet). The Reset state:

= resets internal peripheral devices by initializing their control registers as
described in the individual peripheral sections,

= sets the modifier registers to $FFFF,
= clears the Interrupt Priority Register (IPR),
= clears the Stack Pointer (SP),

= clears the Scaling mode (S[1:0]), Trace mode (T), Loop Flag (LF), Double
precision Multiply mode (DM), and Condition Code Register (CCR) bits in the
Status Register (SR) and sets the Interrupt mask (1[1:0]) bits, and

= clears the Stop Delay (SD) bit and the Program RAM Enable (PEA and PEB)
bits in the OMR.

The DSP remains in the Reset state until the RESET pin is deasserted. When the
processor leaves the Reset state it:

= |oads the chip operating mode (MC, MB, and MA) bits of the OMR from the
external mode select pins (MODC, MODB, MODA), and

= begins program execution of the bootstrap ROM starting at address $0000.

&S5
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41 INTRODUCTION

The External Memory Interface (EMI) enables the DSP to access external dynamic
and/or static memory with no (or minimal) additional logic. The EMI permits simple
implementation of data-delay buffers in external memory and is often used for audio
sample storage, as required by digital reverberation algorithms. The EMI is designed
to connect directly to one or two page-mode DRAM devices of the following sizes: 64
Kx4,256 Kx4,1M x4, and 4 M x 4 bits. When using SRAMs, the EMI can directly
access up to 256 K x 8 bits. The data bus width can be 4- or 8-bits wide. Data words of
8-, 12-, 16-, 20- or 24-bits can be stored and retrieved via the EMI with automatic
packing and unpacking. In addition, the EMI can be configured to operate in the
Absolute Addressing mode. This allows connection to external memory devices for
program bootstrap and data storage, as well as general parallel access to external
memory-mapped peripheral devices.

4.1.1 Theory of Operation

The DSP views the EMI as a memory-mapped peripheral. The EMI functions as a
memory-mapped peripheral in which data transfers are performed by moving data
to/from data registers, and control is exercised by polling status flags in the
control/status register or by servicing interrupts. An external memory write is
executed by writing the data into the EMI Data Write Register (EDWR). This will
trigger the EMI operation in which the EDWR contents are transferred to the external
memory device. The EDWR is free for the next write operation when signalled by a
status bit or by an interrupt request. An external memory read is triggered by either
writing to the EMI Offset Register (EOR) or reading the EMI Data Read Register
(EDRR). This will trigger an EMI read operation in which the data is read from the
external memory device and is stored in the EDRR. The end of operation is signaled
by a status bit or by an interrupt request.
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4.1.2 EMI Features

The main features of the EMI are:

= Direct connection to several possible memory device configurations:
— Oneor two DRAM devices of 64 K x 4,256 K x 4,1 M x4 or 4 M x 4 bits
— SRAM addressing with one device select and 256 K address range
— SRAM addressing with two device selects and 128 K address range
— SRAM addressing with four device selects and 32 K address range
— Additional SRAM or peripheral addressing with address range of 32 K
— Data bus can be 4 or 8 bits wide
— Data words can be 8, 12, 16, 20 or 24 bits long

— Automatic data pack/unpack to fit and orient external bus width and
external word length to internal 24-bit word format

= Programmable timing features:

— Independently selectable timing for SRAM or DRAM

— Automatic DRAM refresh by internal refresh timer

— Two timing modes for DRAM, sixteen timing modes for SRAM
= Address Features:

— Relative Addressing for data-delay buffers

— DRAM Absolute Addressing for efficient data storage

— Absolute Addressing for program bootstrap and overlays (SRAM or
EPROM), and to access external peripherals

— Two base registers to handle two delay buffers in parallel
— Base-offset address calculation for data-delay buffers

— Optional base address post update (increment)
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4.2 EMI PROGRAMMING MODEL

The EMI registers available to the programmer are shown in Figure 4-1 on page 4-6.
All accessible registers are mapped into the internal I/0 memory space. These
registers can be accessed through regular MOVE instructions or by peripheral move
(MOVEP) instructions. The registers are described in the following sections. The
interrupt vector table for the EMI is shown in Table 4-1. The interrupts generated by
the EMI are prioritized, as shown in Table 4-2. Since either a read condition or a

write condition (but not both) can trigger an interrupt, the read data and write data
interrupts share the same level of priority.

Table 4-1 EMI Interrupt Vector

Address Interrupt Source

P: $0030 EMI Write Data

P: $0032 EMI Read Data

P: $0034 EMI EBARO Memory Wrap
P: $0036 EMI EBAR1 Memory Wrap

Table 4-2 EMI Internal Interrupt Priorities

Priority Interrupt Source

highest EMI EBARO Memory Wrap

EMI EBAR1 Memory Wrap

lowest EMI Read or Write Data
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23 0

A
Y

X: $FFEF Refresh Control Register (ERCR)

23 0

X: $FFEB Control/Status Register (ECSR) - >

23 0

A
\/

X: $FFE8 Base Address Register 0 (EBARO)

23 0

A
\/

X: $FFEC Base Address Register 1 (EBAR1)

X: $FFF6 23 0

A
Y

Write Offset Register (EWOR)

Global Data Bus (GDB)

23 0

(EORO) X: $FFE9
(EOR1) X: $FFED

A
Y

Offset Register (EOR)

23 0

(EDRRO) X: $FFEA
(EDRR1) X: $FFEE

Data Read Register (EDRR)

A
23 0

\/

(EDWRO) X: $FFEA
(EDWR1) X: $FFEE

A

Data Write Register (EDWR)

23 7 0

Data Register Buffer (EDRB)

I To EMI Data Bus

Figure 4-1 EMI Registers
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4.2.1 EMI Base Address Registers (EBARO and EBAR1)

The read/write 24-bit EMI Base Address Registers (EBARO and EBARL1) contain the
base address used by the EMI to calculate the address (in external memory) of the
word to be accessed. During a read access, the word address is formed by subtracting
the value in the EOR from the value in either EBARO or EBAR1 (EBARX). During a
write access, the word address is formed by subtracting the contents of the Write
Offset Register (EWOR) from the contents of EBARX. The EBARX contents can be
incremented after the memory access. The increment operates on all 24 bits of
EBARX. The base address is stored in 24-bit unsigned integer format.

4.2.2 EMI Write Offset Register (EWOR)

The read/write 24-bit EMI Write Offset Register (EWOR) is used by the EMI to
calculate the address (in external memory) of the word to be accessed during write
operations. The address is formed by subtracting the contents of the EWOR from the
contents of EBARX. The offset is stored in 24-bit unsigned integer format. The EWOR
contains a displacement value (from the start of the data-delay buffer) and is used to
access a delayed data sample location. For example, assuming that EBARX points to
the sample at time 0, then in order to write the data sample delayed by N, the value
of N should be written into the EWOR.

Note: The EWOR is cleared by hardware reset and software reset.
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4.2.3 EMI Offset Register (EOR)

The EMI uses the read/write 24-bit EMI Offset Register (EOR) to calculate the
address (in external memory) of the word to be accessed during read operations. The
EOR is a single 24-bit register that is mapped to two different memory locations
(EORO and EOR1). The address is formed by subtracting the contents of the EOR
from the contents of EBARX. The offset is stored in 24-bit unsigned integer format.
The EOR contains a displacement value (from the start of the data-delay buffer) and
is used to access delayed data samples. For example, assuming that EBARX points to
the sample at time 0, then to read the data sample delayed by N, the value of N is
written into the EOR. The EOR has two addresses: $XFFE9 (EORO0) and $XFFED
(EOR1). When the ECSR EMI Read Trigger Select (ERTS) bit (see Figure 4-2) is
cleared, writing to EORO triggers an EMI memory read operation that will use the
value in the EOR and the value in the EBARO for address calculation. Writing to
EOR1 when the ERTS bit is cleared triggers an EMI memory read operation that will
use the values in the EOR and the EBARL1 for address calculation. The EOR is cleared
by hardware reset and software reset. See Section 4.2.5 EMI Data Read Register
(EDRR) on page 4-9 for a description of operation when the ERTS bit is set.

11 10 9 8 7 6 5 4 3 2 1 0
[Emwig Eis1 | Eiso [Enw| EINR | EAM3 [EAM2 [ EAM1]EAMO | EwL1|EWLO | EBW |

A A A t I EMI Data Bus Width
EMI Data Word Length

EMI Addressing Mode

Increment EBAR (Read)
Increment EBAR (Write)
Read/Write Interrupt Select
Memory-Wrap Interrupt Enable

23 22 21 20 19 18 17 16 15 14 13 12
| EME |ESTM3|ESTM2|ESTM]IESTMO| EDTMl ERTSlEWLZl EBSYl EBDFlEDRF |EDWE|
A A A A A A A A A A

L EDWR Empty

EDRR Full

EDRB & EDRR Full
EMI Busy Status

EMI Data Word Length
EMI Read Trigger Select
EMI DRAM Timing
EMI SRAM Timing
EMI Enable

AA0402

Figure 4-2 EMI Control/Status Register (ECSR)
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4.2.4 EMI Data Write Registers (EDWR)

The EMI Data Write Register (EDWR) is a single 24-bit write-only register that is
mapped to two memory addresses and is used when writing data to memory. Data
to be transferred to external memory is written into either EDWRO0 or EDWRL1. The
contents of the written register are transferred to the Data Register Buffer for
memory writes. All transfers to/from EDWRO0 or EDWR1 are 24-bit transfers.
Writing to EDWRO ($FFEA) triggers an EMI memory write operation that will use
EBARO and EWOR to generate the word address. Writing to EDWRL1 ($FFEA)
triggers an EMI memory write operation that will use EBAR1 and EWOR to generate
the word address.

4.2.5 EMI Data Read Register (EDRR)

The EMI Data Read Register (EDRR) is a single 24-bit read-only register that is
mapped to two memory addresses and is used when reading data from memory.
Data to be received from external memory arrives in the EDRR, and can be read from
either the $FFEA (EDRRO) or the $FFEE (EDRR1) memory location. The contents of
the Data Register Buffer are transferred to the EDRR at the end of a memory read if
the EDRR is empty. All transfers to/from the EDRR are 24-bit transfers. Reading
EDRRO ($FFEA) when the ERTS bit (in the ECSR) is set triggers an EMI memory read
operation that will use EBARO and EOR to generate the word address. Reading
EDRR1 when the ERTS bit (in the ECSR) is set triggers an EMI memory read
operation that will use EBAR1 and EOR to generate the word address. See Section
4.2.3 EMI Offset Register (EOR) on page 4-8 for a description of the operation when
ERTS is cleared.

4.2.6 EMI Data Register Buffer (EDRB)

Data pack and unpack procedures during memory accesses are performed in the
24-bit EMI Data Register Buffer (EDRB). Since the EMI data bus is either 4- or 8-bits
wide and the words for transfer are 8-, 12-, 16-, 20-, or 24-bits wide, the data word
must be sliced (unpacked) into data-bus-width segments for storage in memory, or
must be packed when reading memory. When writing 8-bit or 16-bit words to
external memory, only the most significant 8 or 16 bits of the EDRB contents are
transferred. When reading 8-bit or 16-bit words from external memory, the words are
left-aligned and zero-extended (to the right) before being transferred to the EDRR.
When writing 12-bit or 20-bit words to external memory via a 4-bit data bus, only the
most significant 12 or 20 bits of the EDRB contents are transferred. Similarly, when
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reading 12-bit or 20-bit words from external memory via a 4-bit data bus, the words
are left-aligned and zero-extended to the right before being transferred to the EDRR.
When 12-bit or 20-bit words are transferred via 8-bit data bus, 16 or 24 bits, are
transferred in both read and write directions. While packing or unpacking, the data
word is held in the EDRB. During memory writes, the data to be written is
transferred from the EDWR to the EDRB for unpacking. The EDRB cannot be
accessed by the DSP directly.

4.2.7 EMI Control/Status Register (ECSR)

The EMI Control/Status Register (ECSR) is a 24-bit read/write register used by the
DSP to control and interrogate the EMI operation. The ECSR bits are shown in
Figure 4-2 and described in the following paragraphs.

Note: If ECSR control bits are changed while the EMI is busy (with the exception of
the ECSR interrupt controls EMWIE, EIS[1:0], and the read trigger select
ERTS), improper operation can result.

4.2.7.1 EMI Data Bus Width (EBW)—Bit 0

The read/write control bit EMI Data Bus Width (EBW) defines the width of the EMI
data bus. When EBW is cleared (EBW = 0), the data bus is 4 bits wide. When EBW is
set (EBW = 1), the data bus is 8 bits wide. The bus width affects the number of
memory accesses and address generation required for a data word transfer. The
number of memory accesses performed by the EMI during a word transfer and the
number of memory locations required for a word storage (for words of different
lengths), in both Relative and Absolute Addressing modes, is shown in Table 4-3.

Note: EBW is cleared by hardware reset and software reset.

Table 4-3 EMI Memory Accesses and Locations Per Word

Memory Memory
Addressing Bus Width Word Length locations/ accesses/
word word

Relative 4 8 2 2
Relative 4 12 4 3
Relative 4 16 4 4
Relative 4 20 8 5
Relative 4 24 8 6
Relative 4 16 Data/24 Address 8 4
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Table 4-3 EMI Memory Accesses and Locations Per Word (Continued)

Memory Memory
Addressing Bus Width Word Length locations/ accesses/
word word
Relative 8 8 1 1
Relative 8 12 2 2
Relative 8 16 2 2
Relative 8 20 4 3
Relative 8 24 4 3
Relative 8 16 Data/24 Address 4 2
Absolute 4 8 2 2
Absolute 4 12 3 3
Absolute 4 16 4 4
Absolute 4 20 5 5
Absolute 4 24 6 6
Absolute 4 16 Data/24 Address 4 4
Absolute 8 8 1 1
Absolute 8 12 2 2
Absolute 8 16 2 2
Absolute 8 20 3 3
Absolute 8 24 3 3
Absolute 8 16 Data/24 Address 2 2
4.2.7.2 EMI Word Length (EWL[2:0])—Bits 16,2, and 1

The read/write control bits EMI Word Length (EWL[2:0]) select the length of the data

word to be transferred. The encoding of EWL[2:0] is shown in Table 4-4.

Note: EWL[2:0] are cleared by hardware reset and software reset.

Table 4-4 EMI Word Length

EWL2 EWL1 EWLO Word Length
0 0 0 8-bit data word
0 0 1 16-bit data word
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Table 4-4 EMI Word Length (Continued)

EWL2 EWL1 EWLO Word Length

0 1 0 24-bit data word

0 1 1 16-bit data word/24-bit data addressing
1 0 0 Reserved

1 0 1 12-bit data word

1 1 0 20-bit data word

1 1 1 Reserved

4.2.7.3 EMI Addressing Mode (EAM[3:0])—Bits 6-3

The read/write EMI Addressing Mode (EAM[3:0]) control bits select the addressing
mode of the EMI. The addressing modes are shown in Table 4-5. The values in
EAM[3:0] select which functions will be performed by the EMI pins and if the device
being accessed is an SRAM or DRAM.

Note: EAM[3:0] are cleared by hardware reset and software reset.

Table 4-5 EMI Addressing Modes

EAM Type Addressing Ad_dress Chip RAS/ Address
[3:0] Lines Select CAS Range

000012 SRAM Absolute MA[14:0] None Refresh 32K

only

0001 SRAM Relative MA[17:0] MCSO0 n.a. 256 K
0010 SRAM Relative MA[16:0] | MCS[1:0] n.a. 256 K
0011 SRAM Relative MA[14:0] | MCS[3:0] n.a. 128 K
0100 DRAM Relative MA[7:0] na yes 64 K
0101 DRAM Relative MA[8:0] na yes 256 K
0110 DRAM Relative MAJ9:0] na yes 1M
0111 DRAM Relative MAJ10:0] na yes 4M
10xx Reserved

11002 DRAM Absolute MA[7:0] na yes 64 K
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Table 4-5 EMI Addressing Modes (Continued)

EAM Tvoe Addressin Address Chip RAS/ Address
[3:0] yp g Lines Select CAS Range
11012 DRAM Absolute MA[8:0] na yes 256 K
11102 DRAM Absolute MA[9:0] na yes 1M
11112 DRAM Absolute MA[10:0] na yes 4 M
Note: 1. Inthis mode, MCSO and MA15 are held high. MRAS and MCAS, if enabled, are
active only during DRAM refresh cycles. Devices to be addressed using this mode
should be enabled with some hardware external to the EMI, such as a GPIO pin.
2. Inthe Absolute Addressing modes, if post-increment of EBAR is enabled and
multiple memory accesses are required for a word transfer, EBAR will be
incremented after each memory access.

The maximum number of word locations that can be stored in the external memory
when using the SRAM addressing modes is shown in Table 4-6. The maximum
number of word locations that can be stored in the external memory when using the
DRAM, in both Relative and Absolute Addressing modes, is shown in Table 4-7

on page 4-14 and Table 4-8 on page 4-15. When using the 16-bit word length with
24-bit addressing (EWL[2:0] = 011), the number of available word locations is the
same as those for 16-bit word length in the Absolute Addressing modes and the same
as those for 24-bit length in the Relative Addressing modes.

Table 4-6 EMI Maximum SRAM Size

EAM[3:0] Bus Width Word Length Number of Words

0000 4 8 16 K
0000 4 12 10,922
0000 4 16 8 K
0000 4 20 6,553
0000 4 24 5,461
0000 8 8 32 K
0000 8 12 or 16 16 K
0000 8 20 0r 24 10,922

0001 and 0010 4 8 128 K
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Table 4-6 EMI Maximum SRAM Size (Continued)

EAMI[3:0] Bus Width Word Length Number of Words
0001 and 0010 4 12 or 16 64 K
0001 and 0010 4 20 0r 24 32 K
0001 and 0010 8 8 256 K
0001 and 0010 8 12 or 16 128 K
0001 and 0010 8 200r24 64 K

0011 4 8 64 K
0011 4 12 or 16 32K
0011 4 20 0r 24 16 K
0011 8 8 128 K
0011 8 12 or 16 64 K
0011 8 20 0r 24 32 K

Table 4-7 EMI Maximum DRAM Size (Relative Addressing)

EAM[3:0] Bus Width Word Length | DRAM devices N‘\‘Nmot;Z;Of
0100 4 8 64 K x 4 2K
0100 4 12 or 16 64 K x 4 16 K
0100 4 20 or 24 64 K x 4 8K
0100 8 8 2 x 64K x4 64 K
0100 8 12 or 16 2 x 64K x4 2K
0100 8 20 or 24 2 x 64K x4 16 K
0101 4 8 256 K x 4 128 K
0101 4 12 or 16 256 K x 4 64 K
0101 4 20 or 24 256 K x 4 2K
0101 8 8 2 x 256 K x 4 256 K
0101 8 12 or 16 2 x 256 K x 4 128 K
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Table 4-7 EMI Maximum DRAM Size (Relative Addressing) (Continued)

EAMI[3:0] Bus Width Word Length | DRAM devices N‘:,vmotizgc’f
0101 8 20 0r 24 2x256 Kx4 64 K
0110 4 8 1Mx4 512 K
0110 4 12 or 16 1Mx4 256 K
0110 4 20 0r 24 I1Mx4 128 K
0110 8 8 2x1Mx4 1M
0110 8 12 or 16 2x1Mx4 512 K
0110 8 20 0r 24 2x1Mx4 256 K
0111 4 8 1M x4 2M
0111 4 12 or 16 4 M x4 1M
0111 4 20 or 24 4 M x4 512 K
0111 8 8 2x4Mx4 4 M
0111 8 12 or 16 2x4Mx4 2M
0111 8 20 or 24 2x4Mx4 1M

Table 4-8 EMI Maximum DRAM Size (Absolute Addressing)

EAM[3:0] Bus Width Word Length | DRAM devices Nl\JNmot;Z;Of
1100 4 8 64 K x4 32K
1100 4 12 64 K x4 21,845
1100 4 16 64 K x4 16 K
1100 4 20 64 K x4 13,107
1100 4 24 64 K x4 10,922
1100 8 8 2xX64Kx4 64 K
1100 8 12 or 16 2xX64Kx4 32K
1100 8 20 0r 24 2%xX64Kx4 21,845
1101 4 8 256 K x4 128 K
1101 4 12 256 K x4 87,381
1101 4 16 256 K x4 64 K
1101 4 20 256 K x4 52,428
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Table 4-8 EMI Maximum DRAM Size (Absolute Addressing) (Continued)

EAMI[3:0] Bus Width Word Length | DRAM devices N‘:,[/“O?Zg(’f
1101 4 24 256 K x4 43,690
1101 8 8 2x256 Kx4 256 K
1101 8 12 or 16 2x256 Kx4 128 K
1101 8 20 or 24 2x256 Kx4 87,381
1110 4 8 1Mx4 512 K
1110 4 12 1Mx4 349,525
1110 4 16 1Mx4 256 K
1110 4 20 1Mx4 209,715
1110 4 24 1M x4 174,762
1110 8 8 2x1Mx4 1M
1110 8 12 or 16 2x1Mx4 512 K
1110 8 20 0r 24 2x1Mx4 349,525
1111 4 8 4M x4 2M
1111 4 12 4M x4 1,398,101
1111 4 16 4M x4 1M
1111 4 20 A4Mx4 838,860
1111 4 24 4 M x4 699,050
1111 8 8 2x4Mx4 4M
1111 8 12 or 16 2x4Mx4 2M
1111 8 20 0r 24 2x4Mx4 1,398,101

4.2.7.4 EMI Increment EBAR After Read (EINR)—Bit 7

The read/write control bit EMI Increment EBAR after Read (EINR) enables the
function of incrementing the contents of the relevant EBARX after a read operation. If
EINR is cleared, EBARX will not be modified after read operations. If EINR is set, the
contents of EBARx will be incremented by one after generating the address for the
read operation. This bit affects all operating modes.

Note: EINR is cleared by hardware reset and software reset.
4.2.7.5 EMI Increment EBAR After Write (EINW)—Bit 8

The read/write control bit EMI Increment EBAR after Write (EINW) enables the
function of incrementing the contents of the relevant EBARX after a write operation.
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If EINW is cleared, EBARX will not be modified after write operations. If EINW is set,
the contents of EBARX will be incremented by one after generating the address for
the write operation. This bit affects all operating modes. EINW is cleared by
hardware reset and software reset.

4.2.7.6 EMI Interrupt Select (EIS[1:0])—Bits 9-10

The read/write EMI Interrupt Select (EIS[1:0]) control bits are used to select the
condition that will trigger an EMI read/write interrupt. When EIS[1:0] = 00, EMI read
and write interrupts are disabled. When EIS[1:0] = 01, a write-interrupt vector will be
generated when the EDWR becomes empty (EDWE = 1). When EIS[1:0] = 10, a
read-interrupt vector will be generated when the EDRR becomes full (EDRF = 1).
When EIS[1:0] = 11, a read- interrupt vector will be generated when both the EDRB
and the EDRR are full (EBDF = 1). Table 4-9 summarizes the functionality of the
interrupt select bits.

Note: EIS[1:0] are cleared by hardware reset and software reset.

Note: Clearing EIS[1:0] will mask pending EMI interrupts, but after a
one-instruction-cycle delay. If EIS[1:0] are cleared in a long interrupt service
routine, it is recommended that at least one other instruction should separate
the instruction that clears EIS[1:0] and the RTI instruction at the end of the
interrupt service routine.

Table 4-9 EMI Read/Write Interrupt Select

EIS1 EISO Word Length
0 0 Read and Write Interrupts Disabled
0 1 Write Interrupt Enabled
1 0 Read Interrupt Enabled if EDRF =1
1 1 Read Interrupt Enabled if EBDF =1
4.2.7.7 EMI Memory-Wrap Interrupt Enable (EMWIE)—BIt 11

The read/write control bit EMI Memory-Wrap Interrupt Enable (EMWIE) enables
interrupts when the relevant EBAR is incremented by one (controlled by EINR and
EINW) and wrapped around from the largest word address in the pre-programmed
memory space. When EMWIE is cleared, memory-wrap interrupts are disabled.
When EMWIE is set, memory-wrap interrupts are enabled with separate interrupt
vectors for each of EBARO and EBARL. The largest word address is reached when the
value of the significant bits in EBARX is all 1s. The number of the significant bits in
EBARX involved with address generation can be concluded from Table 4-13
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on page 4-26, Table 4-15 on page 4-29, and Table 4-16 on page 4-31, always starting
at A0 and ignoring the relative addressing extension bits.

The memory-wrap interrupt is generated when the significant bits in EBARXx change
from all 1s to all Os following the EBARX post-increment, for any particular selection
of addressing mode, word length, and bus width. For example, it can be seen from
Table 4-16 that for a selection of EAM[3:0] = 1101 there are 18 significant bits in
EBARX (A[17:0]) that determine the word address, therefore, in this case an EBARX
memory-wrap interrupt is generated when the 18 Least Significant Bits (LSBs) in
EBARX change from all 1s to all Os as a result of the EBARX post-increment operation.
Similarly, for a selection of EAM[3:0] = 0101, EWL[2:0] = 001 and EBW = 0 there are
16 significant bits in EBARX (A[15:0]) that determine the word address.

Note: When EINR and EINW bits are cleared, memory-wrap interrupts cannot be
generated since no EBARX is post-incremented. EMWIE is cleared by
hardware or software reset.

4.2.7.8 EMI Data Write Register Empty (EDWE)—Bit 12

The EMI Data Write Register Empty (EDWE) read-only status bit indicates the state
of the EDWR. EDWE is set (EDWR empty) by the EMI controller when transferring a
data word from the EDWR to the EDBR during a memory write operation. EDWE is
cleared (EDWR full) when data is written into the EDWR when starting a memory
write operation.

Note: EDWE is set by hardware reset, software reset, individual reset, and while the
device is in the Stop state.

4.2.7.9 EMI Data Read Register Full (EDRF)—Bit 13

The EMI Data Read Register Full (EDRF) read-only status bit indicates the state of the
EDRR. EDREF is set (EDRR full) by the EMI controller when transferring a data word
from the EDRB to the EDRR at the end of a memory read operation.

Note: EDRF is cleared (EDRR empty) when EDRR is read by the DSP core.EDRF is
also cleared by hardware reset, software reset, individual reset, and while the
device is in the Stop state.

4.2.7.10 EMI Data Register Buffer and Data Read Register Full
(EBDF)—BIt 14

The EMI data register Buffer and Data read register Full (EBDF) read-only status bit

indicates the status of the EDRB and EDRR during read operations. EBDF is set when

both the EDRB and the EDRR contain data after memory read operations. EBDF is

cleared otherwise.

Note: EBDF is cleared by hardware reset, software reset, individual reset, and while
the DSP is in the Stop state.
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4.2.7.11 EMI Busy (EBSY)—Bit 15

The EMI Busy (EBSY) read-only status bit indicates the EMI state. EBSY is set when
the EMI is busy transferring data or when there is a pending transfer request. EBSY is
cleared when no transfers currently are being done and no requests are pending.

Note: EBSY is cleared by hardware reset, software reset, individual reset, and while
the DSP is in the Stop state.

4.2.7.12 EMI Read Trigger Select (ERTS)—Bit 17

The read/write EMI Read Trigger Select (ERTS) control bit selects the trigger event
for read operations. When ERTS is cleared, read operations are triggered by a write
to the EOR. When ERTS is set, read operations are triggered by reading the EDRR.

Note: ERTS is cleared by hardware reset and software reset.

4.2.7.13 EMI DRAM Memory Timing (EDTM)—Bit 18

The read/write EMI DRAM Memory Timing (EDTM) control bit selects the EMI
DRAM Timing mode of operation. When EDTM is set, EMI DRAM mode accesses
and DRAM refresh cycles operate in the Slow Timing mode. When EDTM is cleared,
EMI DRAM mode accesses and DRAM refresh cycles operate in the Fast Timing
mode. The EDTM bit does not affect the timing of SRAM accesses. See Section 4.8
EMI Timing for more detailed information.

Note: EDTM is set by hardware reset and software reset.

Table 4-10 EMI DRAM Timing (clock cycles per word transfer)

Addressing Word Length Bus Width E[()s-ll-g/lw): ! EDTM =0 (fast)
Relative 8 4 16 11
Relative 8 8 12 8
Relative 12 4 20 14
Relative 16 4 24 17
Relative 12 or 16 8 16 11
Relative 20 4 28 20
Relative 24 4 32 23
Relative 20 or 24 8 20 14
Absolute 8 4 2x12=24 2x8=16
Absolute 8 8 1x12=12 1x8=8
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Table 4-10 EMI DRAM Timing (clock cycles per word transfer) (Continued)

Addressing Word Length Bus Width E[()JSAW): 1 EDTM =0 (fast)
Absolute 12 4 3x12=36 3x8=24
Absolute 16 4 4x12=48 4x8=232
Absolute 12 or 16 8 2x12=24 2x8=16
Absolute 20 4 5x12=60 5x8=40
Absolute 24 4 6x12=72 6x8=48
Absolute 20 0or 24 8 3x12=236 3x8=24

Refresh Cycle — — 13 9
4.2.7.14 EMI SRAM Memory Timing (ESTM[3:0])— Bits 19-22

The read/write EMI SRAM Memory Timing (ESTM[3:0]) control bits select the EMI
SRAM Timing mode of operation. The ESTM[3:0] bits do not affect the timing of
DRAM mode accesses or of DRAM refresh cycles. See Section 4.8 EMI Timing for
more detailed information.

Note: ESTM[3:0] are set by hardware reset and software reset.

Table 4-11 EMI SRAM Timing (clock cycles per word transfer)

Word Length Bus Width Clock Cycles
8 4 2 x (4 + ESTM)

8 8 1x (4 +ESTM)

12 4 3 x (4 + ESTM)

16 4 4 x (4 + ESTM)

12 or 16 8 2 x (4 + ESTM)

20 4 5 x (4 + ESTM)

24 4 6 x (4 + ESTM)

20 or 24 8 3x(4+ESTM)

Where ESTM is the value of the ESTM[3:0] bits, ranging from 0 to 15
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4.2.7.15 EMI Enable (EME)—Bit 23

The read/write control bit EMI Enable (EME) enables the EMI for data-transfer
operations. When EME is set, the EMI accepts data transfer triggers and executes
data transfers. When EME is cleared, the EMI enters the individual reset state, that is,
the EMI is disabled for data transfers and the status flags in the ECSR are reset to the
same states as during hardware reset. When EME is cleared, the EMI pins are reset to
the state defined in Section 2: Pin Descriptions but the control bits are unaffected.
The individual reset state is entered one instruction cycle after clearing EME. DRAM
refresh operation, if previously enabled, will continue while the EMI is in the
individual reset state.

Note: EME is cleared by hardware reset and software reset.

4.2.8 EMI Refresh Control Register (ERCR)

The EMI Refresh Control Register (ERCR) is a 24-bit read/write register used to
control the refresh of DRAM memories. Refresh can only occur while the EMI is set
to work with DRAM memories (EAM[3:0] = x1xx) or while in the SRAM Absolute
Addressing mode (EAM[3:0] = 0000). The ERCR is cleared by hardware reset and
software reset. The ERCR bits are shown in Figure 4-3 and are described in the
following paragraphs.

11 10 9 8 7 6 5 4 3 2 1 0
| | | | [ Ecp7 | Ecoe | Ecps | Ecp4 [ Ecp3 | Ecp2 | ECD1 | ECDO |

Refresh Rate

23 22 21 20 19 18 17 16 15 14 13 12
[ Erer | EreD | [Eosr | EPs1 | EPSO | | | | | | |

Prescaler Rate
One-Shot Refresh
Refresh Enable(Debug)
Refresh Enable

] reserved Bit AA0295
Figure 4-3 EMI Refresh Control Register (ERCR)
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4.2.8.1 EMI Refresh Clock Divider (ECD[7:0])—Bits 0-7

The read/write EMI Refresh Clock Divider (ECDJ[7:0]) bits are used to preset an 8-bit
counter that generates the DRAM refresh requests (if DRAM refresh is enabled). The
counter itself is not accessible to the user. When the counter reaches zero, it is
reloaded from the ECD[7:0] bits. The divide rate range is between 1 (ECDJ[7:0]= $00)
and 256 (ECDI[7:0] = $FF).

Note: The ECDJ[7:0] bits are cleared by hardware reset and software reset.

4.2.8.2 ERCR Reserved Bits—Bits 8-17, 21
These bits in the ERCR are reserved and unused. They read as 0s and should be
written with Os for future compatibility.

4.2.8.3 EMI Refresh Clock Prescaler (EPS[1:0])—Bits 18-19

The read/write EMI refresh clock Prescaler (EPS[1:0]) bits control a prescaler that is
connected in series with the refresh clock divider. These bits are used to extend the
range of the refresh clock divider when a slower refresh clock rate is desired. When
EPS[1:0] = 00, a divide-by-64 prescaler is connected in series with the refresh clock
divider. When EPS[1:0] = 01, a divide-by-8 prescaler is connected in series with the
refresh clock divider. When EPS[1:0] = 10, the prescaler is bypassed. EPS[1:0] = 11 is
reserved for future expansion.

Note: The EPS[1:0] bits are cleared by hardware reset and software reset.

4284 EMI One-Shot Refresh (EOSR)—Bit 20

The read/write EMI One-Shot Refresh (EOSR) bit is used to trigger one DRAM
refresh cycle under software control. When EOSR is set, one Column Address Strobe
(CAS) before Row Address Strobe (RAS) refresh cycle is generated, independent of
the state of bits EREF and ERED (see below). The EOSR bit is automatically cleared
by the EMI hardware after the refresh cycle has been generated. The refresh cycle will
be generated immediately if no word transfer is occurring, or at the end of the
current word access if a word transfer is in progress.

Note: The EOSR bit is cleared by hardware reset and software reset.

4.2.8.5 EMI Refresh Enable when Debugging (ERED)—Bit 22

The read/write control bit EMI Refresh Enable when Debugging (ERED) is used to
enable DRAM refresh cycles when the DSP enters Debug mode if EREF is cleared.
When ERED is set, CAS before RAS refresh cycles are inserted between data word
transfers while the DSP is in the Debug mode independent of the state of EREF.
Refresh cycle requests are generated according to the output clock rate of the refresh
timer. If ERED is cleared, refresh cycle insertion is disabled when the DSP leaves the
Debug mode.
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Note: The ERED bit is cleared by hardware reset and software reset.

4.2.8.6 ERCR Refresh Enable (EREF)—Bit 23

The read/write control bit EREF is used to enable DRAM refresh cycles. When set,
CAS before RAS refresh cycles are inserted between data word transfers for both
regular DSP operation and if the DSP is in the Debug mode. Refresh cycle requests
are generated according to the output clock rate of the refresh timer. If EREF is
cleared, refresh cycle insertion is disabled.

Note: The EREF bit is cleared by hardware reset and software reset.

4.3 EMI ADDRESS GENERATION

Address generation for external memory accesses is done by the EMI in the Address
Generation Unit (AGU). A block diagram of the AGU is shown in Figure 4-4. The
AGU forms a word address for a read operation by subtracting the contents of the
EOR from the contents of the appropriate EBAR. For a write operation, the word
address is formed by subtracting the contents of the EWOR from the contents of the
appropriate EBAR. The word address must then be transformed into one or more
physical addresses as required for loading/storing the data word. The mapping from
word address to physical addresses is described in the following sections. The Base
Address Register in use can be optionally incremented by one after calculating the
word address.

+1 ———— Base Address Offset Register
JIL+ +_Jr 24
ALU
C2-Co

Word Address: A23-A0 }24 ———=— Relative Addressing
\i Extension Bits

Address Format
Conversion

'

EMI Address and Chip Select Pins AA0296

Figure 4-4 EMI Address Generation Block Diagram
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When using the SRAM or DRAM Relative Addressing modes, the physical addresses
are generated by the Address Format Conversion circuit after appending extension
bits to the right of the word address. Table 4-12 shows the extension bits used for
every possible combination of word length and bus width, the number of accesses
required (equal to the number of physical addresses generated) and the states that
the extension bits run through during the accesses.

Table 4-12 Relative Addressing Extension Bits

Word Length V\/Bll(:‘llih Al;::(()eés Running Order Active:iﬁension
8 4-bit 2 0,1 Co
8 8-bit 1 none none
12 4-bit 3 01,10, 11 C1,Co
16 4-bit 4 00, 01, 10,11 C1,Co
12 or 16 8-bit 2 0,1 Co
20 4-bit 5 011, 100, 101, 110, 111 C2,C1,Co
24 4-bit 6 010, 011, 100, 101, 110, 111 C2,C1,cCo
20 or 24 8-bit 3 01, 10,11 C1,Co
16 (24 Address) 4-bit 4 100, 101, 110,111 C2,C1,Co
16 (24 Address) 8-bit 2 10,11 C1,Co

4.3.1 SRAM Absolute Addressing

The SRAM Absolute Addressing mode is selected when EAM[3:0] = 0000. In this
addressing mode, the physical address is formed by writing the 15 LSBs of the
calculated word address (A[14:0]) directly to the MA[14:0] address pins. The A[23:15]
portion of the word address is ignored. No extension bits are used in the physical
address generation. MA15 and MCSO0 are held high.

If more than one physical address must be accessed to complete the word transfer,
EBARX must be post-incremented by one after each physical address access,
otherwise the same physical address will be accessed more than once. In this case, it
is required that the appropriate control bit be set in the ECSR (EINR for reads, EINW
for writes). The EMI will execute the series of accesses required, incrementing EBARX
after each access, packing (during a read operation) or unpacking (during a write
operation) the data word segment. The accesses proceed from the least significant to
the most significant portion of the word. For each of the accesses, the contents of
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EBARx and EOR are written to the ALU. The contents of EBARX or EOR should not
be changed during word transfers. The SRAM Absolute Addressing mode is useful
when accessing external peripherals or memories that contain program segments,
cases where it is important to have a one-to-one correspondence between the word
address and the external physical location. This mode can be used concurrently with
either the SRAM Relative Addressing or the DRAM Relative Addressing; that is, it is
possible to access static memory devices or peripherals using the Absolute
Addressing mode while having data-delay buffers implemented in either SRAM or
DRAM memories. Note that it is assumed that the device select for the devices being
addressed with the Absolute Addressing mode is provided by circuits that are
external to the EMI, such as a GPIO signal. While in the SRAM Absolute Addressing
mode, refresh of DRAMSs connected to the EMI will continue if the refresh is enabled
in the ERCR.

4.3.2 SRAM Relative Addressing

The SRAM Relative Addressing modes (EAM[3:0] = 0001, 0010, 0011) are used to
implement data-delay buffers in SRAM. In this addressing mode, the physical
addresses required are formed by taking some LSBs of the calculated word address
and appending from 0 to 3 extension bits to the right of the word address (forming
the LSBs of the physical address). The extension bits are then used to generate the
number of physical addresses required.

= When EAM[3:0]= 0001, it is possible to connect directly a single 4-bit or 8-bit
wide SRAM device of up to 256 K addresses, since only MCSO0 is active for any
access.

e When EAM[3:0] = 0010, it is possible to connect directly up to two 4-bit or 8-bit
wide SRAM devices with up to 128 K addresses each, since MCS0 and MCS1
are active.

= When EAM[3:0] = 0011, it is possible to connect directly up to four 4-bit or
8-bit wide SRAM devices with up to 32 K addresses each, since MCS0, MCS1,
MCS2, and MCS3 are active.

Note: In this addressing mode, if the word length is 20 bits or 24 bits (or 16 bits using
24-bit addressing), it is possible to connect only three SRAMs (and save
memory), since MCSO will not be activated at all.

Table 4-13 summarizes the address generation for the SRAM Addressing modes.
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Table 4-13 Word Address to Physical Address Mapping for SRAM

E[’g‘:('\)? ,\;Ic’aRXA;'i\ge 3’\(’)’]‘ EBW| MCS0 MRAS MCAS MA15 | MA [14:0]
0000 | 1x32K | xx X |High MRAS MCAS High A [14:0]
0001|1x256K| 000 | O |Low Al6 Al5 Al4 A [13:0], CO
1 |Low Al7 Al6 Al5 A [14:0]
X01| 0 |Low Al5 Al4 Al3 A[12:0],
Co,C1
1 |Low Al6 Al5 Al4 A[13:0], CO
X1X| 0 |Low Al4 Al3 Al2 A[11:0],
C0,C1, C2
1 |Low Al5 Al4 Al3 A[12:0],
Co,C1
0010 [2x 128 K| 000 | 0 |MCS0=CO0 [MCS1=C0 |Al6 Al5 A [14:0]
1 |MCS0=A0 |[MCS1=A0 |Al7 Al16 A [15:1]
X01| 0 |[MCSO=C1 |MCS1=C1 |A15 Al4 A[13:0], CO
1 |MCS0=C0 [MCS1=C0 |Al6 Al5 A [14:0]
X1X| 0 |MCSO0=C2 |[MCS1I=C2 |Al4 Al3 A[12:0],
Co, C1
1 |MCS0=C1 [MCSI=C1 |Al5 Al4 A[13:0], CO
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Table 4-13 Word Address to Physical Address Mapping for SRAM (Continued)

EAM| SRAM |EWL S ,
[3:0]| Max size | [2:0] |EBW| MCSO MRAS MCAS MA15 | MA[14:0]
0011 | 4x32K | 000 | O A [15:1]
MCSO= | MCSI= MCS2 = MCS3 =
A0&CO |A0&CO |A0&CO A0 & CO
1 A [16:2]
MCS0= | MCSI= MCS2= | MCS3=
A1&C0 |ALI&A0 |AL&A0 |AL&A0
X01| 0 A [14:0]
MCS0= | MCSI= MCS2= | MCS3=
C0&ClI |C0&Cl1 |CO&CI |CO&C1
1 A [15:1]
MCSO= | MCS1= MCS2 = MCS3 =
A0&CO |AD&CO |A0&CO |A0&CO
X1X| 0 A[13:0], CO
MCS0= | MCSI= MCS2= | MCS3=
Cl&C2 |Cl&C2 |[Cl&C2 |[Cl&C2
1 A [14:0]
MCS0= | MCSI= MCS2= | MCS3=
C0&ClI |C0&Cl1 |CO&CI |CO0&C1
4.3.3 DRAM Relative Addressing

The DRAM Relative Addressing modes (EAM[3:0] = 01xx) are used when

implementing data-delay buffers in DRAM. In DRAM relative addressing, each
word access is translated into physical addresses by first generating the row address
and then following with one or more column addresses. The row access is an
out-of-page (i.e., slow) access, while the subsequent column accesses are in-page
(i.e., fast) accesses. The row address is formed by taking part of the calculated word
address (the number of bits will be determined by the number of rows in the DRAM).
The column addresses are generated by taking the remaining bits of the word
address and appending from 0 to 3 extension bits to the right (forming the LSBs of
the column addresses). The extension bits are then used to generate the number of
column addresses required. Address pins that are not required are kept at the
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low-logic level. Device select pins are deasserted. Table 4-14 describes the
word-address-to-physical-address mapping for DRAM. Table 4-15 on page 4-29
summarizes the address generation for DRAM relative addressing.

Table 4-14 Word-Address-to-Physical-Address Mapping for DRAM

E[ZA(')\]/' Dg';'v' RC%VI\_” a’\(’)']' EBW|MA10|MA9| MA8| MA7 | MA[6:3] |MA2|MAL|MAO
100 | 64K R [ 00| 0] 0 | 0| 0 | A7 | A3 | A2 | AL | A0
C 0 | 0 | 0 [Al4|A[13:10] | A9 | A8 | CO
C 1 [ 0 | 0| 0 [Al5|A[1411] [Al0]| A9 | A8
C | o1 |0 o [0] 0 |A3]A[129 | A8|cCo|Cl
C 1 | 0 | 0| 0 |AL4|A[13:10] | A9 | A8 | CO
C | 1X| 0] 0 | 0] 0 |Al2] A[lli8] | CO | C1 | C2
C 1 [ 0 [ 0] 0 [A13]A[129] [ A8 ] Co | C1
101 [256K | R | 00| 0 | 0 | 0 | A8| A7 | A[63] | A2 | AL | AD
C 0 | 0 [Al6|AI15 | A[1411] [Al0| A9 | CO
C 1 | 0 | 0 |[Al7|Al6|A[1512] |All | Al0]| A9
C | 0L | 0] 0 | 0 |AI5|Al4|A[I310]| A9 | CO | C1L
C 1 | 0 | 0 |Al6|Al5 | A[l411] [A10| A9 | CO
C | 1X| 0] 0 [0 |Al4]|A13] A[129] | CO | C1 | C2
C 1 | 0 | 0 [Al5]|AL4|A[1310] | A9 | CO | C1
110 | 1M R | 00| 0| 0 |A9| A8 | A7 | Al6:3] | A2 | Al | AD
C 0 |Al8|Al7 | Al6 | A[15:12] | All | Al0]| CO
C 1 | 0 |Al9|Al8|Al7 | A[l6:13] | Al2 |All| ALO
C | 0L | 0| 0 |[AL7|Al6|Al5|A[1411]|Al0| CO | CL
C 1 | 0 [AI8|Al7|Al6|A[1512] [All|AL0]| CO
C | 1X | 0 | 0 [Al6]|AI5|Al4|A[1310]| CO | C1 | C2
C 1 | 0 |Al7|Al6|Al5 | A[l411] [A10| CO | C1
111 | 4M R | 00| 0 | Al0| A9 | A8 | A7 | A[6:3] | A2 | Al | AD
C A20 | A19 | A18 | Al7 | A[16:13] | Al2 |AlL| CO
C 1 | A21 [A20 | Al9 | Al8 | A[17:14] | Al3 | Al2 | ALl
C | 01 | 0 | Al9 [AI8] AL7|Al6 | A[15:12] |All| CO | C1
C 1 | A20 |A19 | Al8 | Al7 | A[16:13] | Al2 | All]| CO
C | 1IX | 0 | Al8 |[Al7| Al6| Al5 | A[14111] | CO | C1 | C2
C 1 | Al19 |AI8 | Al7 | Al6 | A[15:112] [All| CO | C1
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Table 4-15 Address Generation For DRAM Relative Addressing

E[Qg]/' Dg'Z:M FE:%VI\_” E[\zNoli EBW | MA10 | MA9 | MAS8 | MAT7 [MA[6:3]| MA2 IMA1 'V(')A
0100 | 64K R — | — 0 0 0 [ A7 [ A[63] | A2 | A1 | A
C 000 | O 0 0 0 | Al4 [A[13:10]] A9 | A8 | CO
C 1 0 0 0 | Al15 [A[14:11]] A10 | A9 | A8
C |X01| O 0 0 0 | A13 |A[12:9]| A8 | CO | C1
C 1 0 0 0 | Al4 |A[13:10]] A9 | A8 | CO
C |XIX| © 0 0 0 | Al2 [AJ11:8]| CO | C1 | C2
C 1 0 0 0 | A13 |A[12:9]| A8 | CO | C1
0101 | 256 K R — | — 0 0 A8 | A7 | A[6:3] | A2 | AL | AO
C 000 | O 0 0 | Al6 | A15 |A[14:11]| A10 | A9 | CO
C 1 0 0 | Al7 | Al6 |A[15:12]| All | A10 | A9
C |X01| O 0 0 | Al5 | Al4 [A[13:10]] A9 | CO | C1
C 1 0 0 | Al6 | A15 |A[14:11]| A10 | A9 | CO
C [XIX| © 0 0 |Al4| A13 [A[12:9]| CO | C1 | C2
C 1 0 0 | Al5 | Al4 [A[13:10]] A9 | CO | C1
0110 | 1M R — | — 0 A9 | A8 | A7 | A[6:3] | A2 | A1 | AO
C 000 | O 0 Al8 | A17 | A16 |A[15:12]| A1l | A10 | CO
C 1 0 A19 | A18 | A17 |A[16:13]| A12 | A1l | A10
C [X01| O 0 Al7 | A16 | A15 |A[14:11]| A10 | CO | C1
C 1 0 Al8 | A17 | A16 |A[15:12]| A1l | A10 | CO
C |X1X| o0 0 Al16 | A15 | Al4 [A[13:10]] CO | C1 | C2
C 1 0 Al7 | A16 | A15 |A[14:11]| A10 | CO | C1
0111 | 4M R — | — | A10 | A9 | A8 | A7 | A[6:3] | A2 | A1 | AO
C 000 | O | A20 | A19 | A18 | Al17 |A[16:13]| A12 | A1l | CO
C 1 | A21 | A20 | A19 | A18 |A[17:14]| A13 | A12 | A1l
C |X01| O | A19 | A18 | Al17 | Al6 |A[15:12]| A11| CO | C1
C 1 | A20 | A19 | A18 | Al17 |A[16:13]| A12 | All| CO
C |X1X| 0 | A18 | A17 | Al16 | Al5 |A[14:11]| CO | C1 | C2
C 1 | A19 | A18 | A17 | Al6 |A[15:12]| A11 | CO | C1
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4.3.4 DRAM Absolute Addressing

The DRAM Absolute Addressing mode is selected when EAM[3:0] = 11xx. In this
addressing mode, no extension bits are used in the physical address generation.

= EAMI[3:0] = “1100'—The physical address is formed by multiplexing the
sixteen LSBs of the calculated word address (A[15:0]) into the MA[7:0] address
pins. The row address is formed by the least significant part (A[7:0]) and the
column address is formed by the remaining bits of the word address (A[15:8]).

e EAM]I[3:0] = ‘1101—The physical address is formed by multiplexing the
eighteen LSBs of the calculated word address (A[17:0]) into the MA[8:0]
address pins. The row address is formed by the least significant part (A[8:0])
and the column address is formed by the remaining bits of the word address
(A[17:9]).

e EAMI[3:0] = “1110'—The physical address is formed by multiplexing the
twenty LSBs of the calculated word address (A[19:0]) into the MA[9:0] address
pins. The row address is formed by the least significant part (A[9:0]) and the
column address is formed by the remaining bits of the word address
(A[19:10)).

= EAM[3:0] = ‘1111"—The physical address is formed by multiplexing the
twenty-two LSBs of the calculated word address (A[21:0]) into the
MA[10:0]address pins. The row address is formed by the least significant part
(A[10:0]) and the column address is formed by the remaining bits of the word
address (A[21:11]).

If more than one physical address must be accessed to complete the word transfer,
EBARX must be post-incremented by one after each physical address access,
otherwise the same physical address will be accessed more than once. To prevent this
occurrence, the appropriate ECSR control bit should be set (EINR for reads, EINW for
writes). The EMI will execute the series of accesses required, incrementing EBARX
after each access, packing (during a read operation) or unpacking (during a write
operation) the data word segments. The accesses proceed from the least significant to
the most significant portion of the word. For each of the accesses, the contents of
EBARx and EOR/EWOR are written to the ALU. The contents of the relevant EBARX
and EOR/EWOR should not be changed during the word transfers.

In the DRAM Absolute Addressing mode, each physical address access is executed
as an independent “out-of-page” DRAM access. As a result, a data word transfer
when executed in the DRAM Absolute Addressing mode is slower than a transfer
executed in the DRAM Relative Addressing mode (see Table 4-10 on page 4-19). The
DRAM Absolute Addressing modes, however, are useful when 20- or 24-bit data
words are used and the wasted memory locations that appear in the DRAM Relative
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Addressing modes are not acceptable. Table 4-16 summarizes the address generation
for DRAM absolute addressing.

Table 4-16 Word-to-Physical-Address Mapping for DRAM Absolute Addressing

EAMI3:0] DS'ZA;M RC%VI\_” Ial\(l)l]_ EBW|MA10[MA9MABMA7 MA[6:3][MA2MA1MAO
1100 64 K R — | — 0 0 0 | A7 | A[6:3] | A2 | Al | AO
C | XXX| X 0 0 0 |Al5|A[14:11]| A10| A9 | A8
1101 256 K R — | — 0 0 | AB| A7 | A[6:3] | A2 | Al | AO
C | XXX| X 0 0 |Al7|Al6|A[15:12]| Al1| A10| A9
1110 1M R — | — 0 A9 | A8 | A7 | A[6:3] | A2 | Al | AO
C | XXX| X 0 |A19|A18|Al7|A[16:13]| A12| A1l | AlO
1111 4 M R — | — | A10 | A9 | A8 | AT | A[6:3] | A2 | Al | AO
C | XXX | X | A21 |A20| A19 | A18 |A[17:14]| A13| Al2| All
4.4 DRAM REFRESH

DRAM devices require periodic refresh of the data stored in their memory cells
(typically every few milliseconds). The EMI can carry out DRAM refresh either by
accessing the memory cells frequently enough, or by using dedicated DRAM refresh
accesses. The EMI is capable of generating CAS before RAS refresh cycles
automatically or under software control. The refresh cycle insertion rate is controlled
by a programmable refresh timer. Refer to Section 4.4.5 DRAM Refresh Timing for
more details on DRAM refresh requirements.

There are four ways to refresh a DRAM memory connected to the EMI. The way in
which the refresh is achieved has a major influence on the EMI real-time performance
and on the EMI channel bandwidth.

4.4.1 DRAM Refresh Without Using The Internal Refresh Timer

It is possible to refresh the DRAM by data access itself if a sufficient number of
accesses are performed in the required refresh time, and all rows are accessed. This,
however, must be assured. The EMI address translation is performed in such a way
that it is possible to satisfy these requirements by carefully choosing the base
addresses of the different data-delay buffers.
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The EMI physical address is generated using the LSBs of the calculated addresses to
represent row addresses, so running sequentially through the address space of a
large data buffer during a whole DRAM refresh cycle should cause a refresh of all of
the rows. The time to complete a refresh cycle can be halved by using two data
buffers such that their base addresses use different LSBs (row addresses) for half of
the required DRAM row addresses. The user must, however, run through both data
buffers sequentially at the same frequency.

Example 4-1 Refresh Cycle

Assume that:

= A44.1 KHz audio sampling frequency is used and the main code loops once
every sample period.

= The external memory has 512 rows (256 K x 4 or x 8), and needs to refresh all
of its rows every 8 ms.

= Two data-delay buffers are used and one access to each buffer is performed
in every sample period. The EMI increments the base address during each
access.

e The LSBs of the base addresses are chosen as follows:

— Buffer 1. EBAR (Most Significant Bits (MSBs)) arbitrary;
EBAR[8:0] = 000000000;

— Buffer 2. EBAR (MSBs) arbitrary; EBAR[8:0] = 100000000;

Running through 256 sequential locations in both data buffers assures that all the
rows are refreshed. The main code loops 352 times in 8 ms, accessing all DRAM
memory locations of the 9 LSBs of the physical address using the Incremented
Addressing mode. Since the LSBs of the physical addresses correspond to the row
addresses, all rows are refreshed. The same implementation can be extended using
4, 8, or 16 data-delay buffers.

4.4.2 DRAM Refresh OnCE Port Debug Mode Consideration

While the On-Chip Emulation (OnCE) port is in the Debug mode, regular operation
of the DSP core is suspended and no regular access to the DRAMSs can occur. Stored
data can therefore be lost. In order to avoid such a situation the user should set the
ERED bit in the ERCR—see Section 4.2.8 EMI Refresh Control Register (ERCR).
Refresh cycles will then be initiated by the internal refresh timer according to the
ERCR setting.
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4.4.3 Using The Internal Refresh Timer

Refresh cycles can be periodically inserted by the EMI. The refresh cycle insertion
rate is controlled by the programmable refresh timer. The refresh activity is enabled
or disabled according to the EREF and ERED bits in the ERCR and refresh is active
only in the EMI DRAM operating modes, or in the concurrent SRAM mode where the
multiplexed pins are defined as CAS and RAS.

The EMI always completes its current operation and then checks for pending read or
write triggers. The refresh request has the highest priority, otherwise the channel
could be kept too busy by the user to ensure all of the DRAM data is refreshed.

The CAS before RAS refresh cycles are inserted between memory accesses when the
EMI controller is in its idle state and a refresh request has been delivered by the
refresh timer. The refresh request is internally reset at the end of the external refresh
cycle. The selected refresh cycle rate must take into account the DSP clock frequency
and the DRAM device refresh requirements.

The refresh timer block diagram is illustrated in Figure 4-5. The DSP clock is first
divided by a factor ranging between 1 and 256 (according to the ECD bits in ERCR),
and then by 1, 8, or 64 using a prescaler (selected by bits EPS[1:0]), to achieve the
required refresh rate.

Fosc Divider Prescaler
(DSP Clock) —| Divide by » Divide by ——> Refresh Request Rate
1 to 256 1,8, or 64
ECD[7:0] EPS[1:0] AA0297k
Figure 4-5 Refresh Timer Functional Diagram.
4.4.3.1 “On Line” Refresh

During initialization, the user should set the ECSR EDTM bit and the ERCR bits for
the required DRAM refresh cycle timing, refresh enable (EREF), and refresh rate.
After this the user does not have to consider refresh cycles, as the internal refresh
timer will continuously initiate refresh cycles at the programmed rate. Refer to
Section 4.4.5 for more details.

Note: Special attention should be given to cases in which data transfers are
performed when the DSP is not polling status bits or receiving EMI interrupts,
as the predetermined number of instruction cycles can change due to the
insertion of external refresh cycles.
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4.4.3.2 “Off Line” Refresh

If the user application has a real-time loop, in which the program initiates external
data accesses after which the EMI channel is idle, it is possible to use this idle-time
window to refresh the DRAM in a burst manner. This method is useful for real-time
applications where data transfers should be performed at maximum speed and the
number of instruction cycles per data transfer is critical.

During initialization the user should set the ECSR EDTM bit and the applicable bits
in the ERCR for the appropriate DRAM Timing mode and refresh rate. During the
time window, when no external data accesses are executed, the user should set the
ERCR refresh Enable bit (EREF), turning it off before exiting the time window. When
the EREF bit is set, the refresh timer will initiate refresh cycles and this bit is cleared
once more. Care should be taken to ensure that a sufficient number of refresh cycles
are executed during the time EREF is set. Refer to Section 4.4.5 for more details.

4.4.3.3 OnCE Port Debug Mode Consideration

OnCE port operation does not affect the internal refresh timer. No special
consideration is necessary when using the “on line” refresh method. If using the “off
line” refresh method, however, the execution can stop when the refresh timer is off
and data stored in the DRAM can be lost. In order to avoid this situation, the user
should set the ERCR ERED bit, and refresh cycles will be initiated by the internal
refresh timer according to the ERCR setting only when the OnCE port is in the Debug
mode.

4.4.4 Software Controlled Refresh

If the user application has a real-time loop, where the program initiates external data
accesses after which the EMI channel is idle, it is possible to use this idle time
window to refresh the DRAM in a burst manner. This method is useful for real-time
applications where data transfers should be performed at maximum speed and the
number of instruction cycles-per-data-transfer is critical.

During initialization the user should set the ECSR EDTM bit (and the applicable bits
in the ERCR) to select the appropriate DRAM Timing mode and refresh rate. During
the time window, when no external data accesses are executed, the user should set
the ERCR one-shot refresh enable bit (EOSR), thus inserting one refresh cycle at a
time. Care should be taken to ensure that a sufficient number of refresh cycles are
executed. Refer to Section 4.4.5 for more details.
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4.4.5 DRAM Refresh Timing

Table 4-17 shows the typical refresh requirements of some Motorola DRAM devices.
Note that the column “periodic refresh per row” refers to the time between the
refresh cycles if refreshing is continuous.

Table 4-17 Typical DRAM Refresh Timing Requirements

. . Number of Whole refresh Periodic
Device Size refresh per
rows cycle
row
MCM514256A 256 K x4 512 8 ms 15.6 ps
MCM51L4256A 256 K x 4 512 64 ms 124.8 ps
MCM514400 1M x4 1024 16 ms 15.6 ps
MCM51L4400 1Mx4 1024 128 ms 124.8 ps
MCM84000 4Mx8 1024 16 ms 15.6 us
MCM8L4000 4Mx8 1024 128 ms 124.8 ps

To program the refresh timer for periodic refresh requests, the following equation can
be used:
PRF x FREQ

ECD < EpS

where:

= ECD is the refresh divider value, an integer in the range of 1 to 256.

= PRF is the DRAM periodic refresh period (in seconds) per row (see
Table 4-17).

= FREQ is the internal device operating frequency in Hz.

= EPS is the prescaler value: 1, 8, or 64.
If the refresh cycles are to be executed in a single burst, it is possible to program the
refresh timer for the highest refresh request rate possible.

Table 4-18 shows the timings and bit settings for continuous refresh cycles, cross
referenced with appropriate clock frequencies.

Note: For the continuous method, the DRAMSs require a certain time between the
refresh of each row. This time does not change for DRAMSs of different sizes.
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Table 4-18 Continuous Refresh: Timings And Settings For EPS[1:0] And ECD[7:0]

. Actual
Max Time Time
DSP Clock Between EPS ECD Between
Frequency Refresh Setting | Setting
Refresh
Cycles
Cycles
40 MHz 15.6 pus 01 77 15.6 ps
124.8 ps 00 7 124.8 ps
50 MHz 15.6 pus 01 96 15.52 us
124.8 ps 00 96 124.2 ps
66 MHz 15.6 us 01 127 15.52 us
124.8 ps 00 127 124.2 ps
81 MHz 15.6 us 01 157 15.6 ps
124.8 ps 00 157 124.8 ps
Note: Timer resolution is for a prescaling of 8. The refresh timer
initiates a refresh request every (ECD set + 1) x prescale.

Table 4-19 shows the timings and bit settings for burst refresh cycles, cross-
referenced to appropriate clock frequencies.

Note: The DRAMs are usually required to refresh all rows within a certain time. This
time does not change for DRAMSs of different sizes.

Table 4-19 Burst Refresh: Timings And Settings For EPS[1:0] And ECD[7:0]

- . % Of Execution
DSP Clock | FastTiming Mode/ | MaxTime | pg | Ecp | code Time EREF
Slow Timing Mode | To Refresh . ; .
Frequency (1 Refresh Cycle) 512 ROWS Setting | Setting is Set
(Fast/Slow)
40 MHz 0.225 ps 8 ms 10 8 1.44% / 2.08%
0.325 us 64 ms 10 12 0.18% / 0.26%
50 MHz 0.180 ps 8 ms 10 8 1.15% / 1.66%
0.260 ps 64 ms 10 12 0.14% / 0.21%
66 MHz 0.136 us 8 ms 10 8 0.87% / 1.26%
0.197 ps 64 ms 10 12 0.11% 7/ 0.16%
81 MHz n.a. 8 ms n.a. n.a. n.a. / 1.03%
0.161 ps 64 ms 10 12 n.a. / 0.13%
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Figure 4-6 shows the timing for a DRAM refresh cycle when fast timing is selected.
Figure 4-7 shows the timing for a DRAM refresh cycle when slow timing is selected.

Note: Timer resolution is for a prescaling of 8. The refresh timer initiates a refresh
request every (ECD set + 1) x prescale.

CLK I
I
I
I
I

I
I

MRAS | \
I

MCAS | \
|

During a Refresh Cycle: MCSx, MRD and MWR are deasserted (high),
data lines remain high impedance, and
address lines remain unchanged. AA0298K

Figure 4-6 Timing Diagram of a DRAM Refresh Cycle (Fast)
| |
/ |
| |
data lines remain high impedance, and

1 2 3 4 5 6 7 8 9 10 11 12 13 1 2
|
I
I
| \I
|
:
| | | | | | |
/I | | | | | |
| | | | | |
address lines remain unchanged. AA0299

During a Refresh Cycle: MCSx, MRD and MWR are deasserted (high),
Figure 4-7 Timing Diagram Of a DRAM Refresh Cycle (Slow)

MOTOROLA DSP56004 User’s Manual 4-37



External Memory Interface

EMI Operating Considerations

45 EMI OPERATING CONSIDERATIONS

This section describes aspects of EMI operation that should be particularly noted by
designers of applications using the EMI.

45.1 EMI Triggering and Pipelining

The EMI is double-buffered in both the address and the data paths. This feature
allows for pipelined operation of consecutive read or write accesses. Thus, while a
memory access is being performed, the next access can be triggered, proceed through
to the address calculation stage where it is kept on hold until the current access is
completed. As a result, the EMI performance is increased since the address
calculation overlaps with actual memory access, and while the DSP side is
interrupted for service, the next access is being executed on the memory side.

The EMI accepts three types of triggering: DRAM refresh, write transfer, and read
transfer. The EMI always completes its current operation before checking for
pending triggers. The DRAM refresh has the highest priority. Write and read
transfers have the same priority and are serviced according to the arrival order.
When the EMI is idle, two consecutive operations can be triggered without the need
to check status bits for any combination of read and write triggers. As long as a
trigger is pending, any additional trigger will override and replace the pending one.

For better reference to the DSP core activity, EMI data accesses can be measured in
instruction cycles (lgyc) where one I equals two processor clock cycles. EMI data
access durations are denoted by “N” Iyc. N can easily be obtained from Table 4-10
on page 4-19 and Table 4-11 on page 4-20 by dividing the number of clock cycles by
2. For cases where the number of clock cycles is odd, N can be rounded up
(conservative approach), or for consecutive EMI accesses N can be rounded
alternately up and down.

The EMI pipeline mechanism operates according to the following rules:
= |If both read and write data paths are free (EBSY =0 and EBDF = 0), and a
trigger is generated, it is considered as the first trigger. When this occurs:
— EBSY is set immediately,
— the address calculation is executed at the next I¢y, and

— the external access starts at the next cycle after I, and ends N I later.
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= |f an access is being processed (EBSY = 1), an additional trigger can be
generated. This trigger will be considered pending if:

— the address calculation is executed overlapping the last Iy of the current
access, and/or

— the external access immediately follows, thus providing full bus
bandwidth.

e EBAR is incremented and updated (if EINR = 1 for read, or EINW =1 for
write) one |y after the address calculation time frame.

= Following a read access, the data is available on EDRR, and can be read by the
DSP core:

— SRAM modes—at the first I, after completing the external access
— Fast DRAM mode—at the last I of the external access
— Slow DRAM mode—at the I after the last I of the external access

Special consideration should be given when triggering a new access after two read
accesses since the EMI Data Register Buffer (EDRB) can be full if the EMI Data Read
Register (EDRR) is also full. In this case the new trigger will remain pending and the
new access will not take place until the EDRB is empty. The status of the EDRB can be
verified by checking the ECSR EBDF flag. If EBDF = 0 after a read operation, the
EDRB is empty and it is possible to start a new access immediately. Figure 4-8
illustrates the EMI pipeline.

leyc Flow | 1 lo Ih I I3 IN-1| IN IN+1| IN+2| IN+3
. , read | . read

Core Operation | trigl EBAR| 1192 EDRR trig3
EMI Operation compl| incrl comp?2| incr2

(C

p))
EBSY /

(C

poJ
Data Access # 1 >< Data Access # 2
(C

| | | »’ | | | | |
AA0300k

External Access

N

Figure 4-8 EMI Pipeline

MOTOROLA DSP56004 User’s Manual 4-39



External Memory Interface

EMI Operating Considerations

The following assumptions apply to Figure 4-8:

= First trigger is generated at 1_; (trigl)

= The address computation of trigl is done at l,. The external access of trigl
begins at I;. Its duration is N Iy

= The optional increment and update of EBAR due to trigl is done at I;.
= Updated EBAR of trigl can be read from the core starting from I,.
= Next trigger (trig2) can be driven starting from I,.
= The address computation of trig2 is done at Iy;.
= The optional increment and update of EBAR due to trig2 is done at Iy + 1.
= [faccess #1 is a read access, the data can be read at the DSP core at:
- Iy +1 for SRAM
— Iy for Fast DRAM mode
- Iy -1 for Slow DRAM mode

45.2 Read Data Transfer

When ERTS = 0, read accesses are triggered by writing an offset to the EOR. When
ERTS = 1, read accesses are triggered by reading the EDRR. The word address for a
read access is generated by subtracting the offset (stored in the EOR) from the base
address (stored in one of the EBARX). After obtaining the word address, it is
transformed into one or more physical addresses for the actual read accesses. A data
word read can require one, two, three, four, or six memory accesses, as specified by
the bits EWL[1:0] and EBW. The nibbles or bytes read are held in the EDRB until the
whole word is formed. After completing the required number of memory accesses,
the data word formed in the EDRB is transferred to the EDRR, setting the EDRF
status bit, if EDRR is empty. Optionally, the read interrupt can be generated if read
interrupts are enabled. If another data-word-read transfer is pending and the EDRB
is empty, the EMI controller executes the new memory transfer. If the DSP has read
the data from the EDRR (clearing EDRF), the contents of the EDRB (if full) is
transferred to the EDRR again, setting the EDRF status bit. If no other read request is
pending, memory accesses cease. The EMI read interrupt can also be generated when
both the EDRB and the EDRR are full. In this case, a single fast interrupt service with
two MOVEP instructions can read two data words.
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The memory read transfer starts only if the EDRB is empty. Data formed in the EDRB
is transferred to the EDRR only if the EDRR is empty. This feature ensures

synchronization between DSP reads of data and memory reads, even if the DSP is not
emptying the EDRR in real time, as can happen while debugging via the OnCE port.

The EBARX can optionally be post-incremented by one after each read transfer. In
this case, the incremented value will be available in the EBARX at the end of the first
executed instruction after all memory read accesses have occurred for this particular
memory-read transfer.

Example 4-2 Successive Memory-Read Transfers with ERTS =0

The following procedure describes a sequence of successive memory-read
transfers with ERTS = 0. This procedure utilizes the pipeline property for better
performance.

novep #RAM X: <<ECSR ; define menory access node

novep #BAR0, X: <<EBARD ; define base address

novep #COFF_1, X <<ECR0 ; trigger first menmory read transfer
; (using EBARD)

novep #COFF_2, X <<ECR0 ; initiate the second read transfer
; (pi pelined)

; this will be pending until the
; previous transfer term nates
- ; performother operations
- ; or poll EDRF for EDRR full
- ; or wait a sufficient nunber of Icyc

: and then,
novep X: <<EDRRO, X0 ; read the data del ayed by COFF_1
novep #COFF_3, X <<ECRO ; initiate the next nenmory read transfer

- ; performother operations
- ; or poll EDRF for EDRR full
- ; or wait a sufficient nunber of Icyc

; and then,
novep X: <<EDRRO, X0 ; read the data del ayed by CFF 2
novep #COFF_4, X <<ECR0 ; initiate the next nenory read transfer

- ; performother operations

- ; or poll EDRF for EDRR full

- ; or wait a sufficient nunber of Icyc
; and then,

novep X: <<EDRRD, X0 ; read the data del ayed by COFF 3

- ; performother operations

- ; or poll EDRF for EDRR full

- ; or wait a sufficient nunber of Icyc
: and then,

novep X <<EDRRO, X0 ; read the data del ayed by CFF_4
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Example 4-3 Successive Memory-Read Transfers with ERTS =1

The following procedure describes a sequence of successive memory-read
transfers when ERTS = 1. This procedure utilizes the pipeline property for better
performance. Note that the first two memory-read transfers are triggered by
writing to the EOR (ERTS = 0) and then switching over to triggering by reading the
EDRR (ERTS = 1). Since all subsequent read triggers are done by reading the
EDRR, this method of triggering is most efficient when combined with
post-increment of EBAR while keeping the offset constant.

movep
movep
movep
movep

bset

novep

bel r

#RAM X: <<ECSR
#BARD, X: <<EBARD
#OFF_1, X: <<ECRO
#OFF_2, X: <<ECRD

#ERTS, X: <<ECSR

X <<EDRRO, X0

X <<EDRRO, X0

X: <<EDRRO, X0

X <<EDRRO, X0

#ERTS, X <<ECSR

define access node with ERTS = 0
define base address

trigger first read transfer
initiate the second read transfer
(pi pel i ned)

typically OFF 1 = CFF 2

change trigger node: set ERTS = 1
perf orm ot her operations

or poll EDRF for EDRR full

or wait a sufficient nunber of Icyc
and t hen,

read the data triggered by witing
OFF_1 performother operations

or poll EDRF for EDRR full

or wait a sufficient nunber of Icyc
and t hen,

read the data triggered by witing
CFF_2 performot her operations

or poll EDRF for EDRR full

or wait a sufficient nunber of Icyc
and t hen,

read the data triggered by the first
EDRR r ead.

perf orm ot her operations

or poll EDRF for EDRR full

or wait a sufficient nunber of Icyc
and t hen,

read the data triggered by the
second EDRR read

read EDRR as required

t hen when only two nore reads

are required, turn-off

triggering fromEDRR

set ERTS=0 (turn off EDRR triggering)
perform ot her operations

or poll EDRF for EDRR full

or wait a sufficient nunber of Icyc
and t hen,
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Example 4-3 Successive Memory-Read Transfers with ERTS =1 (Continued)

novep X: <<EDRRO, X0 ; read the data triggered by
; the (n-3) EDRR read.
; performother operations
; or poll EDRF for EDRR full
; or wait a sufficient nunber of Icyc
: and then,
novep X: <<EDRRO, X0 ; read the data triggered by
; the (n-2) EDRR read

45.3 Write-Data Transfer

Write transfers are triggered by writing data into the EMI Data Write Register
(EDWR). The word address for a write transfer is obtained by subtracting the
contents of the EWOR from the contents of the EBARX (the contents of EOR is of no
significance in a memory-write transfer). When new data is written into the EDWR,
the EDWE status bit is cleared (data register full). The data is then transferred to the
EDRB (if the EDRB is empty), setting EDWE. The EMI controller then performs a
number of memory write cycles. A data-word-write transfer can require one, two,
three, four, or six memory accesses, as specified by bits EWL[1:0] and EBW. The
nibbles or bytes written are read from the EDRB until the whole word is stored. If
EDWR is empty, the next data word to be written to memory can be stored in EDWR,
triggering a pending (pipelined) write operation. A pending-write operation will
proceed as soon as the EDRB is empty, permitting the transfer of the contents of
EDWR to the buffer. The DSP programmer can interrogate the EDWE status bit or,
optionally, the write interrupt can be generated when EDWE is set. Alternatively, the
DSP programmer can choose to write to EDWR after a minimum number of
instruction cycles such that EDWR can be guaranteed to be empty.

A memory-write transfer only starts when the EDRB is full (loaded with the data to
be stored to memory). Data is only transferred from EDWR to the EDRB if the buffer
is empty. This feature ensures synchronization between memory writes and DSP
writes, as long as the DSP ensures that writes to EDWR occur only if EDWR is empty.
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Example 4-4 Successive Memory-Write Transfers

The following procedure describes a sequence of successive memory-write
transfers. This procedure utilizes the pipeline property for better performance.
Note that EBARX should either be post-incremented by one after each write or a
new base address should be stored in EBARX before the write trigger, otherwise
the same word address (and the same physical addresses) will be written.

novep #RAM X: <<ECSR ; define the nenory transfer node
novep #COFF, X <<BEWR ; store address offset to be used
novep #BAR0, X <<EBARD ; store base address
novep #DATA 1, X <<EDWRO ; trigger first memory wite transfer
novep #DATA 2, X' <<EDWRO ; trigger the second wite transfer

; (pi pelined)

; this will be pending until the
; previous transfer term nates

- ; performother operations

- ; or poll EDWE for EDWR enpty

- ; or wait a sufficient nunber of Icyc
: and then,

novep #DATA 3, X <<EDWRO ; trigger the next nenory wite

- ; transfer performother operations

- ; or poll EDWE for EDWR enpty

- ; or wait a sufficient nunber of Icyc
; and then,

novep #DATA 4, X: <<EDWRO ; trigger the next nenory wite
; transfer
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Example 4-5 Block Transfer from Internal to External Memory

The following procedure performs a block-data transfer of N words (N>1) from
internal DSP memory to external memory, without checking status flags or using
interrupts. Using this method, it is necessary to know how much time is taken by
each memory access. For this particular example, it is assumed that the EMI is
accessing an external SRAM with zero wait states, transferring 24-bit words over
an 8-bit bus, resulting in 12 clock cycles (6 instruction cycles) per word transfer.

w_transfer

nove #w buff,r7 ; pointer to internal nenory
novep #w of f, x: EWOR : wite offset
novep #w_base, x: EBARD : wWite base address
novep #RAM x: ECSR ; BENW=1
novep y: (r7)+, x: EDARO ; first wite
do #(N-1), end_w ;o N>1
novep y: (r7)+, x: EDARO ; initiate next wite
rep #2 ; wait 8 clock cycles

; (4 inst cycles)
nop ; or do sonething useful
end_w

45.4 EMI Operation During Stop

The EMI operation cannot continue when the DSP is in the Stop state, since no DSP
clocks are active. Note that DRAM refresh cycles are suspended, effectively causing
the loss of data in the DRAMSs. While the DSP is in the Stop state, the EMI will remain
in the individual reset state and the status bits in ECSR will be cleared. No control
bits in the ECSR and ERCRs are affected.

4.5.5 EMI Operation During Wait

The EMI will continue operating even if the DSP is in the Wait state. Ongoing and
pending EMI accesses will complete normally. Then, the EMI will remain in the Idle
state until more read- or write-access triggers arrive from the DSP core, after the
device exits the Wait state. No control or status bits in the ECSR and ERCR are
affected by the Wait state.
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4.6 DATA-DELAY STRUCTURE

Delayed data structures, commonly used in audio DSP algorithms, can be
implemented by means of data-delay buffers in memory. A data-delay buffer is a
bank of memory in which data samples are stored in a sequential manner and where
a relationship exists between time delay and memory location. The longest delay for
a given data sequence corresponds to the length of the data-delay buffer (the size of
the memory bank). Data-delay buffers of any length, within the available memory
range, are supported by the EMI.

A memory buffer for delayed data is defined in terms of a base address and a
collection of offset values (the taps). Data-delay buffers are implemented in the EMI
by means of “windows” that move over all the memory address range. The base
address points to the latest stored (newest) data sample, and offset values are
subtracted from the base address to generate addresses that point to delayed data
samples. The amount of the delay is defined by the offset value. Normally, the base
address of each data-delay buffer is incremented every time a new data sample is
stored and this causes the window to move one position ahead in the range of
physical memory addresses. The data-delay structure is illustrated in Figure 4-9.

Points to Delayed Base Address
Data Sample. Offset (Points to Latest Data Sample).
Value
! Buffer 1
Ascending u. er
Address Pointer
Progression (EBAR)
Over The Buffer 0
Entire Pointer
Memory (EBAR)
Space.
Illustration of One data-delay Buffer Illustration of Two Independent
Moving Along the Memory Address Range Data-delay Buffers of Different Lengths

[[1 Region of valid delayed data AA0401

Figure 4-9 lllustration of the Data-Delay Structure
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The EMI architecture is capable of managing several concurrent data-delay
processes. Each data-delay buffer is defined by its own base address. Multiple
data-delay buffers can be implemented by saving and restoring the contents of the
EBARX as required. The maximum delay required in a data sequence implicitly
determines the data-delay buffer length. Two restrictions must be considered:

= The programmer must define non-overlapping initial memory regions for the
data-delay buffers within the available memory address range.

= The data-delay buffers must be updated at the same speed; that is, new data
samples are stored at the same rate in all buffers. This ensures that no
data-delay buffer will overwrite the data of another buffer.

Normally, the DSP programmer determines the base address values arbitrarily such
that non-overlapped buffers are guaranteed. This is done in the initialization stage
only. Afterwards, the programmer need not be concerned with the base address
value.

To summarize, the data-delay buffer is normally handled, in the steady state (after
initialization and buffer-filling stage), as follows:

= Upon receiving a new data sample, the data sample is temporarily saved in an
internal memory location. It might be used in many audio algorithms as the
most recent data sample.

= Any number of random-delayed samples are read from the specific buffer in
the external memory by requesting read operations with different offset
values while EBARX is loaded with the base address for the specific data
buffer. This is operation is accomplished by writing the desired offset values
to the EOR, triggering the read operation. The contents of EBARX should be
kept constant during the read operations; that is, keep EINR =0 in the ECSR.

= The most recent data sample (temporarily held in an internal memory
location) is stored to the specified data buffer in the external memory by
writing the data word to the Data Write Register when EINW (in the ECSR) is
set. In this way the new sample is stored in the external memory data buffer
while EBARX is incremented, preparing the base address for the next sample.

= The contents of EBARX should now be saved to an internal memory location
to be used in future accesses to this data-delay buffer.
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4.7

EMI-TO-MEMORY CONNECTION

The EMI can be easily interfaced directly to both SRAM and DRAM devices via its
external pins. No interface logic is required. Usually the hardware designer will
connect DRAM or SRAM to the EMI to implement data buffers that will be accessed
using the Relative Addressing modes. It is possible to concurrently connect an
additional static memory device if one of the GPIO pins or another external source is
used as device select for the device and if the device is accessed using the Absolute
Addressing mode. The Absolute Addressing mode is useful for program bootstrap or

overlays.

Figure 4-10 shows how to connect two 256 K x 4 DRAM devices for the data buffers
and an SRAM for program bootstrap or overlays.

MA[14:0]
MDI[7:0]

M

<
Py
Ol

DSP
(EMI)

GPIO3

A[14:0]
DQ[7:0]

(MCMB0256A)

YY VY

o =/ mi

SRAM

Absolute
Addressing

DRAM
Relative
Addressing

. A[8:0]
3 DQ[3:0]

DRAM
MCM514256A

YY VY
e
>
(0]

A[8:0]
DQ[3:0]

DRAM
MCM514256A

AA0260k

Figure 4-10 DRAM for Data Delay Buffers and for SRAM for Bootstrap
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Figure 4-11 shows how to connect four 32 K x 8 SRAM devices for the data buffers
and an SRAM for program bootstrap or overlays. For applications requiring SRAM
devices for implementation of the data-delay buffers (e.g., for noise considerations)
and requiring addressing of more than 256 K x 8 physical locations, it is possible to
use the DRAM Addressing modes with a large array of SRAM devices. An external
latch must be used to demultiplex the row and column addresses and in this way to
obtain the SRAM address.

Figure 4-11 SRAM for Data Delay Buffers and for Bootstrap

Addressing

> [1.4:-01 I
[1.4-0O1 I
» E I: [14-01 I
JAlL4:0]
DQ[7:0]
>V | SRAM
»[d | Mcme206
) el
/59 V_V
e{EC
> E
| A[14:0]
- DQ[7:0]
SRAM
MCM60256A
GPIO3 _
E
> \W
» G

Addressing

AA0261k
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Figure 4-12 shows how to connect a 512 K x 8 SRAM to the EML.

MA[14:0]

MRAS

DSP
(EMI)

MA[9:0]
- D[9:0]
D—FF
IDT74FCT821A
9:0] f—
O|CLK QLe:0]
»| A[18:0]
- > DQ[7:0]
> W
» G
» CS

IDTMP4008S

DRAM
Relative
Addressing

AA0262k

Figure 4-12 Replacing DRAMs with SRAMs for Large Arrays

4.8

EMI TIMING

Table 4-20 shows the maximum DSP clock frequencies while using typical DRAM

devices:

Table 4-20 Maximum DSP Clock Frequencies When Using DRAM

DRAM Max Freq EDTM
MCM54400A—60 ns 66 MHz 0
81 MHz 1
MCM54400A—70 ns 50 MHz 0
81 MHz 1
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Table 4-21 shows the maximum DSP clock frequencies while using typical SRAM
devices):

Table 4-21 Maximum DSP Clock Frequencies When Using SRAM

SRAM Max Freq ESTMI3:0]
MCM6226—25 ns 81 MHz 0000
MCM6206—35 ns 66 MHz 0000

Table 4-22 shows the maximum DSP clock frequencies while using typical EPROMs
using the absolute addressing SRAM mode devices:

Table 4-22 Maximum DSP Clock Frequencies When Using EPROM

EPROM Max Freq ESTM[3:0]
WS57C256—35 ns 66 MHz 0000
WS57C256—70 ns 50 MHz 0000
WS57C256—90 ns 50 MHz 0001
WS57C256—120 ns 46 MHz 0010

4.8.1 Timing Diagrams for DRAM Addressing Modes

When operating in the DRAM modes, the timing is defined by the ECSR EDTM bit.
The timing is classified as Fast (EDTM = 0) or Slow (EDTM =1).
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48.1.1 Fast Timing Mode

Figure 4-13 shows the Absolute Addressing mode timing for an 8-bit word/8-bit bus
memory access or physical memory access. The numbers in the table are
memory-access clock cycles and correspond to clock cycles of the timing figure
directly below. Data accesses are left-justified such that the 8-bit word is read from
and written into the upper-most byte of the 24-bit word (bits 23-16).

8-bit word/8-bit bus—Relative Addressing, or each physical access in
the Absolute Addressing modes

Set up row address 1123

R/W Bits 23-16 4 |56

Finish last R/W cycle 718

Start new memory 1] 2

cycle
ew | [ LT LT L UL

nacress W pffress X foam  Xediress

MCAS

t I I t

| | I o\ | /1 | | | |
| | | | | | | | | | I
Read b= - == == =T -k == = o -
MRD, \, . . . /1 1 N\
| t T T T | | | ] |
! f T 1 T T T T T T i
MWR ! | | | | | | | | | |
| | I | ' : : | | | |

| | | ;
Data In ————— X \Iégltlg /\ —
. | ! ! I . - / I I I |
Write¢ = == == = = 1 = = = — = == = = =
wr L\ /T N\

! : L ; ;
1T T T T T T : : : T 1
MRD I I I I I I I I I I
! ! ! |/ | | | | | | |
! ! ! ! Valid \ ! . |
Data Out ; ; ; K Data — : : :
I I I I I AA0403

Figure 4-13 Fast Read or Write DRAM Access Timing—1
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Figure 4-14 shows the timing using Relative Addressing mode for a 16-bit
word/8-bit bus memory access or an 8-bit word/4-bit bus memory access. The
numbers in the table are memory access clock cycles and correspond to clock cycles
of the timing figure directly below. Data accesses are left-justified such that the 16-bit
word is read from and written into the upper-most two bytes of the 24-bit word
(bits 23-8). Data is transferred one byte at a time for 16-bit words or four bits at time

for 8-bit words.

16-bit word/8-bit bus, or 8-bit word/4-bit bus—Relative Addressing
Set up row address 1123
R/W Bits 23-16; 23-20 5 6
R/W Bits 15-8; 19-16 7 8 9
Finish last R/W cycle 10 | 11
New memory cycle 1| 2
ew | [LTU LT U U UL L
|
Row Column Last Column Row |
Address >< Address >< Address >< Address Address
o\
MRAS | | I | | | I | I | | | I |
— — ) ——
MCAS | T N /0 N\ /S
Read £ = b —|= = = T = E—l- =T b o - 4
MRD, \\ . . . . o 0 /00N
| t T T T T T T | | |
| | | | | | | | | | | | [ [
MWR ! | | | | | | | | | | | | |
| | | | ' ' ' : | | | |
Data In E E E : <>< %g{g >—<>< \églt'g > : : E E
Write |-—|——|——:—.——.——i——i——.—i——l——l—-r—-r
I | | | | | | | | | 1 | ! !
MWR \ ! | | | | | | /o | | \ ! !
| 4 + + t
—_ U I ] ] ] I ] I : : : 1 !
MRD 1 ! ! | | | | | | | | | ! !
| | | | | | | | | | | | | !
: : : V4 Valid Valid \ ! ! ! :
Data Out ! ! \ Data Data /] : , ,
AA0404
Figure 4-14 Fast Read or Write DRAM Access Timing—2
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Figure 4-15 shows the timing using Relative Addressing mode for a 16-bit
word/4-bit bus memory access. The numbers in the table are memory-access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left-justified such that the 16-bit word is read from and written into the
upper-most two bytes of the 24-bit word (bits 23-8).

16-bit word/4-bit bus—Relative Addressing
Set up row address 1123
R/W Bits 23-16 4 | 5|6
R/W Bits 19-16 7 8 9
R/W Bits 15-12 10 | 11 | 12
R/W Bits 11-8 13 | 14 | 15
Finish last R/W cycle 16 | 17
New memory cycle 1| 2
1 1 1 1 1 1 1 1 1 1 1 1 1 :
Sipigagtqigipigugiginininiy
|
Row Column Last Column Row |
Address >< Address X Address ) Address Address
N YA N e U
MRAS | I I | > | I I 2 I I I I | I I
I L L =y ! | |
WCAS | | |
Read - — — —, !
MRD |, \, |
' ' ]
I ] ]
MWR | | |
| | |
Data In : : :
Write = — — — ' ; |
| | | | | | !
MWR | \. | / | | \ |
| 4 4 —) + + —)— + | | |
— T U T I I I I I I | | | ' !
MRD 1 ! ! | S | | | S | | | | | ! !
| | | | | | | | | | | | ! !
! ! ! ! Valid Valid \ . ! !
Data Out | | | ,6 Data >b Data / : | | |
| | ' \ \ | | '\ | | ' | ! !

Figure 4-15 Fast Read or Write DRAM Access Timing—3
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Figure 4-16 shows the timing using Relative Addressing mode for a 20-bit
word/8-bit bus memory access, 24-bit word/8-bit bus memory access, or 12-bit
word/4-bit bus memory access. The numbers in the table are memory-access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left-justified such that the 20-bit, 24-bit, or 12-bit word is read from and
written into the upper-most 20, 24, or 12 bits of the 24-bit word. Data is transferred
one byte at a time for 16- and 20-bit words or four bits at time for 12-bit words.

20-bit or 24-bit word/8-bit bus, or 12-bit word/4-bit bus—Relative Addressing
Set up row address 1123
R/W Bits 23-16 4 5 6
R/W Bits 15-8 7 8 9
R/W Bits 7-4/0 10 | 11 | 12
Finish last R/W cycle 13 | 14
New memory cycle 1] 2
1 1 1 1 1 1 1 1 1 1 1 1 1 :
SigigEtaigigtginipigiginiy
|
Row Column Last Column Row
Address >< Address X Address ) Address Address
; : : 1 | | I I I I : : 1 |
MRAS | \ | | > 2 I |
S —— - —
MCAs: : :
Read = — — —,
MRD | \| | |
— —
MWR ! ! ! I I
| | | ! |
I I I \
Data In T T
. | | | / :
Write = =— — =— ™ |
MWR  \1 o
[ 4 4 —) + —} + | | |
T U T I I I I I I | | | ' !
MRD 1 ! ! | S | | | S | | | | | ! !
| | | | | | | | | | | | ! !
! ! ! ! Valid Valid \ . ! !
Data Out ; ; , Data >b Data /. : , |
| ' ' ' \ I 1 1 \ | ' ' ' '

AA0406
Figure 4-16 Fast Read or Write DRAM Access Timing—4
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Figure 4-17 shows the timing using Relative Addressing mode for a 20-bit
word/4-bit bus memory access. The numbers in the table are memory-access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left-justified such that the 20-bit word is read from and written into the
upper-most portion of the 24-bit word (bits 23-4).

20-bit word/4-bit bus—Relative Addressing
Set up row address 1123
R/W Bits 23-20 4 5 6
R/W Bits 19-16 7 8 9
R/W Bits 15-12 10 | 11 | 12
R/W Bits 11-8 13 | 14 | 15
R/W Bits 7-4 16 | 17 | 18
Finish last R/W cycle 19 | 20
New memory cycle 1] 2
Sipigagtqigipiqigiginininiy
|
Row Column Last Column Row
Address >< Address X Address ) Address Address:
; : : 1 | | I I I ] : : 1 |
MRAS | \ | | > 2 I |
I L L } } | |
MCAS | | | |
Read = — — — '
MRD | \! | |
— l
MWR ! ! ! I
| | | |
Data In ————— :
Write :- - :— —: :
MWR © \1 o
[ 4 4 —) + | | |
T T T T I | | | | | ! !
MRD 1 | I | S | | | | | | | !
| | | | | | | | | | ! !
R R Valid Valid ' v .
Data Out ; ; , Data Data /. : , |

AA0407
Figure 4-17 Fast Read or Write DRAM Access Timing—5
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Figure 4-18 shows the timing using Relative Addressing mode for a 24-bit
word/4-bit bus memory access. The numbers in the table are memory-access clock
cycles and correspond to clock cycles of the timing figure directly below.

24-bit word/4-bit bus—Relative Addressing

Set up row address 1123

R/W Bits 23-20 4 ) 6

R/W Bits 19-16 718109

R/W Bits 15-12 10 | 11 | 12

R/W Bits 11-8 13|14 | 15

R/W Bits 7-4 16 | 17 | 18

R/W Bits 3-0 19 | 20 | 21

Finish last R/W cycle

22 | 23

New memory cycle

1| 2

CLK

Address

MRAS

MCAS

Read
MRD

MWR

Data In
Write
MW

Py

MR

W)

Data Out

Row

Column Last Column Row

UL éf apigigigugiy
{

Address Address
I 1 ]

N

| ]
i>< Address
N\

—
T
§

>b Data

1 \ 1 1 1

T T
; :6 Valid :

AA0408

Figure 4-18 Fast Read or Write DRAM Access Timing—6
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48.1.2

memory-access clock cycles and correspond to clock cycles of the timing figure

Slow Timing Mode
Figure 4-19 shows the Absolute Addressing mode timing for an 8-bit word/8-bit bus
memory access or physical memory access. The numbers in the table are

directly below. Data accesses are left-justified such that the 8-bit word is read from
and written into the upper-most byte of the 24-bit word (bits 23-16).

8-bit word/8-bit bus—Relative Addressing, or each physical access in the

Absolute Addressing modes

Set up row address 112|134
R/W Bits 23-16 5/6|7]|8
Finish last R/W cycle 9|10|11|12
New memory cycle 1]2
|
Row Column Row
Address X Address X Address XAddress
| | | | | | | . . + . | |
wers \L L [T
I T T T T T T I I I | I
| | | | | | | | | | | | | | |
MCAS | | | | | \| | | ’ | | | | | | |
| | | | | | | | | | | |
Read = = == p= = == o= e o e o e e ] — e
MRD , \' o0 /l Coo o\
| | | | | | | | | | | | | | |
1 | | | | | | | | | | | | | |
MWR T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | |
| | | | | [ 1 : 1 | | | | | |
Data In ————T—— {X Yalid } —
Write 1= = =i = — = = — = = = —i— = — — — =
MWR O\ / Coro o\
1 | | | | | | | 1 1 1 | 1 | |
MRD L 1 1 L 1 1 1 L 1 1 1 L 1 1 J
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
1 1 1 | 1 /_._._\ 1 1 | 1 1 1
Data Out |——+——H [

Figure 4-19 Slow Read or Write DRAM Access Timing—1

AA0409
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Figure 4-20 shows the timing using Relative Addressing mode for a 16-bit
word/8-bit bus memory access or 8-bit word/4-bit bus memory access. The numbers
in the table are memory access clock cycles and correspond to clock cycles of the
timing figure directly below. Data accesses are left justified such that the 16-bit word
is read from and written into the upper-most two bytes of the 24-bit word (bits 23-8).
Data is transferred one byte at a time for 16-bit words or four bits at time for 8-bit

words.

16-bit word/8-bit bus, or 8 bit word/4-bit bus—Relative Addressing

Set up row address 11234
R/W bits 23-16; 23-20 5/6|71|8
R/W bits 15-8; 19-16 9 (10]11(12
Finish last R/W cycle 13|14 (15|16
New memory cycle 1|2
|— |— |— |— |— |— |— |— IninininininEnEnln
CLK ( | | | | | | |
|
Row Column Last Column Row
Address X Address X Address X Address XAddress:
I I I I I I I I I I I 1 1 1 1 1 I |
wres \l L0
| + + + + + + + + + + + | | | | | |
I I I I I | | | | | | I I I I I I |
MCAS ! | | | | | | | | | | | /| | | | | | |
| | | | | | | | | | | | | | | | | | |
Read o ok —— o — —— o — — o — — o — — e b o — e -]
MRD I\ 0 o / Co o a\
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
MWR f f f f f f f f f f f f f f f f f I
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| | | | 1 Valld Va“d \ 1 1 1 1 1 1
oaain ————— Bl M 8
Write [mm e | — e m— —— —— —— —— — —— b —— b — — — -]
| | | | | | | | | | | t t t t | |
MWRIN D 0 0 I/ TN I\ L
MRD —————————
| | | | | | | | | | | | | | | | | | |
0 [ vaid \ vaid A0
Data Out : : : : : \ Data X Data [ [ [ [ [ I

Figure 4-20 Slow Read or Write DRAM Access Timing—2

AA0410

MOTOROLA

DSP56004 User’'s Manual

4-59



External Memory Interface
EMI Timing

Figure 4-21 shows the timing using Relative Addressing mode for a 16-bit
word/4-bit bus memory access. The numbers in the table are memory access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left justified such that the 16-bit word is read from and written into the
upper-most two bytes of the 24-bit word (bits 23-8).

16-bit word/4-bit bus—Relative Addressing
Set up row address 11234
R/W Bits 23-20 56|78
R/W Bits 19-16 9110|1112
R/W Bits 15-12 1314|1516
R/W Bits 11-8 17(18|19(20
Finish last R/W cycle 21|22 (23|24
New memory cycle 1|2
e [TUTRUUUUUUUUUUTL
|
Row Column Last Column Row |
Address X Address % Address % Address XAddress:
I I | I |
weas) \l || ) / B
! i i T N
I I I | I I
MCAS ! I I | \ / I |
Read :— —:- —: — :— ———————————————— :— -:
MRD | \| | | |
| | | |
| | |

)

é | |
| |
valid Valid \ L
Data In ———— <X Data Data | —
Write —_— ] e | — = =\ o — e — — — :_ .:
MWR / \ o

|

MRD

Data Out

Figure 4-21 Slow Read or Write DRAM Access Timing—3
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Figure 4-22 shows the timing using Relative Addressing mode for an 20-bit
word/8-bit bus memory access, 24-bit word/8-bit bus memory access, or 12-bit
word/4-bit bus memory access. The numbers in the table are memory access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left justified such that the 20-bit, 24-bit, or 12-bit word is read from and
written into the upper-most 20-bits, 24-bits, or 12-bits of the 24-bit word. Data is
transferred one byte at a time for 16-bit and 12-bit words or four bits at time for 12-bit
words.

20-bit or 24-bit word/8-bit bus, or 12-bit word/4-bit bus—Relative Addressing

Set up row address 112|134

R/W Bits 23-16; 23-20 51678

R/W Bits 15-8; 19-16 9110(11|12

R/W Bits 7-4/0; 15-12 13(14|15|16

Finish last R/W cycle 1718|1920

=
N

New memory cycle

ew ([T U UL
I
Row Column Last Column Row |
Address X Address % Address % Address XAddress:
[ [ | [ 1
MRAS l;\l L > > / L

. ' ' hY
T T T 1 T T
MCAS ' | 1 \ / L
Read :— —:- —:— :— ———————————————— :—-:.
MRD : \: . | / \
| | | | | |
MWR —— ) ) —
| | | | é | |
| | | | | |
P Valid Valid |\ Lo
Data In ——=——— <X Data Data | —
Write '= - - T T T Ty T T oo — = -
WWR O\ / \
VIRD ————— ¢ —
1 1 1 | z > 1 1
1 1 1 | 1 1

Vali Vali

Data Out (——— a Data )P Data ) o —

Figure 4-22 Slow Read or Write DRAM Access Timing—4
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Figure 4-23 shows the timing using Relative Addressing mode for a 20-bit
word/4-bit bus memory access. The numbers in the table are memory access clock
cycles and correspond to clock cycles of the timing figure directly below. Data
accesses are left justified such that the 20-bit word is read from and written into the
upper-most portion of the 24-bit word (bits 23-4).

20-bit word/4-bit bus—Relative Addressing

Set up row address 11234
R/W Bits 23-20 5|/6|7|8
R/W Bits 19-16 9]10(11|12
R/W Bits 15-12 1314|1516
R/W Bits 11-8 17(18]19|20
R/W Bits 7-4 2122|2324
Finish last R/W cycle 25|26 |27 |28
New memory cycle 1|2
e [TUTR U UUUUUUUTL
|
Row Column Last Column Row |
Address X Address % Address % Address XAddress:
I I | I |
weas |\l LD ) / B
! i i T N
I I I I I
MCAS ! I I \ / I |
Read :— —:- —: — e e ——— o o — ———— — — — — — — :— -:
MRD | \ 1 |
| |
| |

)
é I I
I I
Lo Valid Valid |\ P
Data In ———— <X Data Data | —
WIrite 1= =k =l o o | o o o o e\ o o — — = — :_.;
MWR / \ |

| |
| | I
I I |
MRD — z > —
I I I |
I I I |
Valid Valid
Data Out ,— Q Datla » Datla ) —

v AA0413 '
Figure 4-23 Slow Read or Write DRAM Access Timing—5
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Figure 4-24 shows the timing using Relative Addressing mode for a 24-bit
word/4-bit bus memory access. The numbers in the table are memory access clock
cycles and correspond to clock cycles of the timing figure directly below.

24-bit word/4-bit bus—Relative Addressing
Set up row address 11234
R/W Bits 23-20 5(6[7]|8
R/W Bits 19-16 9 (10(11|12
R/W Bits 15-12 13|14|15|16
R/W Bits 11-8 1718|1920
R/W Bits 7-4 2122|2324
R/W Bits 3-0 2526|2728
Finish last R/W cycle 29(30|31|32
New memory cycle 1]2
e [T UU U UUUUTUL
padress 00§ om0 cgmer” P
- T N aaan '
! ' hY

r“‘
| I i
|

<
By,
O

)
é I I
| I I
b Valid valid |\ P
Data In ——— <X Data Data | —
WIte 1= =, ==l e o | o o o o e\ o o — — = — :_.;
MWR / \ |

| |
| | !

| | !

MRD — ::

| | 2 > I !

\ | | |

L Valid valid '\ -

Data Out - (\ Data » Data [ AA0414! !

Figure 4-24 Slow Read or Write DRAM Access Timing—6
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4.8.2 Timing Diagrams for SRAM Addressing Modes

When operating in the SRAM modes, the timing is selected by the ESTM bits in the
ECSR (see Section 4.2.7 on page 4-10). Figure 4-25 shows the timing diagrams for
read and write operations to/from SRAM memory. The cycle timing is shown at the
top; there are two clock cycles to set up the transfer and then from 1 to 16 cycles (as
determined by the ESTM bits), followed by the last cycle. This completes one
memory access. There can be from one to six memory accesses needed to transfer one
word, as shown in Table 4-11 on page 4-20.

One Nibble or Byte Access Repeat
L1 L2 <ESTM+L 0 ast

0O

—

~

—
___|H

| |
MRAS ! . ! ) )
MCAS | | -g %
Read :-----:----Ih--- UL I ----:----
| | | | |
MWR - - : ! -
|
|
|
|

|
MRD /

Address : i>< l Q\ (

S I S D R

—
—

|
Write IF----
|
|
|
|
|

AN

L

. q : AA0415 |
Figure 4-25 SRAM Read/Write Timing
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SERIAL HOST INTERFACE
INTRODUCTION

5.1 INTRODUCTION

The Serial Host Interface (SHI) is a serial 1/0 interface that provides a path for
communication and program/coefficient data transfers between the DSP and an
external host processor. The SHI is capable of communicating with other serial
peripheral devices as well. The SHI may be configured to interface directly to either
of two well-known and widely used synchronous serial buses: the Serial Peripheral
Interface (SP1) bus defined by Motorola and the Inter Integrated-circuit Control (1°C)
bus defined by Philips. The SHI handles both SPI and 12C bus protocols, as required,
from a slave or a single-master device. In order to minimize DSP overhead, the SHI
supports single-, double-, and triple-byte data transfers. The SHI has a ten-word
receive First-In, First-Out (FIFO) register that permits receiving up to thirty bytes
before generating a receive interrupt. This reduces the DSP overhead for data
reception.

When configured in the SPI mode, the SHI is able to:

= Identify its slave selection (in Slave mode)

= Simultaneously transmit data (shift out serially) and receive data (shift in
serially)

= Directly operate with words 8, 16, and 24 bits long

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

= Generate a separate vectored interrupt in the event of a receive exception
= Generate a separate vectored interrupt in the event of a bus-error exception
= Generate the serial clock signal (in Master mode)

When configured in the 1°C mode, the SHI is able to:

= Detect/generate Start and Stop events

= ldentify its slave (ID) address (in Slave mode)

= ldentify the transfer direction (receive/transmit)

= Transfer data byte-wise according to the SCL clock line
= Generate an ACK signal following a byte receive

= Inspect an ACK signal following a byte transmit

= Directly operate with words 8, 16, and 24 bits long
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= Generate vectored interrupts separately for receive and transmit events and
update status bits

= Generate a separate vectored interrupt if a receive exception occurs
= Generate a separate vectored interrupt if a bus error exception occurs

= Generate the clock signal (in Master mode)

5.2 SERIAL HOST INTERFACE INTERNAL ARCHITECTURE

The DSP views the SHI as a memory-mapped peripheral in the X data memory space.
The DSP may use the SHI as a normal memory-mapped peripheral using standard
polling or interrupt programming techniques. 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 single master configuration allows the DSP to directly
connect to dumb peripheral devices. For that purpose, a programmable baud-rate
generator is included to generate the clock signal for serial transfers. The host side
invokes the SHI, for communication and data transfer with the DSP, through a shift
register that may be accessed serially using either the 1°C or the SPI bus protocols.
Figure 5-1 shows the SHI block diagram.

The SHI clock generator generates the serial clock to the SHI if the interface operates
in the Master mode. The clock generator is disabled if the interface operates in the
Slave mode. When the SHI operates in the Slave mode, the clock is external and is
input to the SHI. Figure 5-2 illustrates the internal clock path connections. It is the
user’s responsibility to select the proper clock rate within the range as defined in the
12C and SPI bus specifications.

5.3 SERIAL HOST INTERFACE PROGRAMMING MODEL

The Serial Host Interface programming model is divided in two parts: the host side and
the DSP side. The registers that are available to the programmer on the host side are
shown in Figure 5-3 on page 5-6, and the registers that are available to the programmer
on the DSP side are shown in Figure 5-4 on page 5-7. These registers are described in
the following paragraphs. The interrupt vector table for the Serial Host Interface is
shown in Table 5-1, and the exceptions generated by the SHI are prioritized as
shown in Table 5-2 on page 5-6.
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Host Accessible

SERIAL HOST INTERFACE PROGRAMMING MODEL

DSP Accessible

DSP
B Clock B Global
— | Generator |- Data
Bus
SCK/SCL HCKR |<—3
-
HCSR [<——>
MISO/SDA Controller
< > Logic
HTX | ———]
MOSI/HAO | pin *
T | Conwol | INPUT/OUTPUT Shift Register
ogic (IOSR)
SS/HA2
—_—
Y
HREQ HRX
Slave (FIFO)
Address
» Recognition
unit
(SAR) - HSAR [<——>
—24 BIT AA0416k
Figure 5-1 Serial Host Interface Block Diagram
HMST
o _\/] SHI Clock
. J, HMST = Q
Divide | | PMdeby 1 | | piide by Clock SHI
= by2 [ Di _dtob 64_ lor8 Logic Controller
HDMO-HDM5 HRS CPHA,CPOL,HI’C AA0417K
Figure 5-2 SHI Clock Generator
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Table 5-1 SHI Interrupt Vectors

Address Interrupt Source
P: $0020 SHI Transmit Data

P: $0022 SHI Transmit Underrun Error

P: $0024 SHI Receive FIFO Not Empty

P: $0026 Reserved

P: $0028 SHI Receive FIFO Full

P: $002A SHI Receive Overrun Error

P: $002C SHI Bus Error

Table 5-2 SHI Internal Exception Priorities

Priority Exception

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

23 0
| IOSR | VO shift Register (IOSR)

AA0418

Figure 5-3 SHI Programming Model—Host Side
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SHI I2C Slave Address Register (HSAR)
X: $FFF2

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

Lo frmsfuaefuas] e P F 7 T T P F P F P T T T T |

SHI Clock Control Register (HCKR)
X: $FFFO

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

| | | | | | | | | | |HFM1|HFMO| | | |HDMSIHDM4IHDM3IHDM2|HDM1|HDMO| HRS |CPOL|CPHA|

SHI Control/Status Register (HCSR)
X: $FFF1

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| I'iBUS\IHBERlHROEIHRFFl |HRNE| |HTDE|HTUE|HRIE1|HRIEO| HTIE | HBIE |HIDLEI—(RQE#IRQEO'HMST'HFIFO' | HM1 | HMO | HI2C | HEN |

SHI Receive Data FIFO (HRX)
(read only, X: $FFF3)
23 0

HRX

FIFO (10 Words Deep)

SHI Transmit Data Register (HTX)
(write only, X: $FFF3)
23 0

| HTX

D Reserved bit, read as 0, should be written with 0 for future compatibility. AA0419

Figure 5-4 SHI Programming Model—DSP Side

5.3.1 SHI Input/Output Shift Register (IOSR)—Host Side

The variable length Input/Output Shift Register (IOSR) can be viewed as a
serial-to-parallel and parallel-to-serial buffer in the SHI. The IOSR is involved with
every data transfer in both directions (read and write). Data is shifted in and out
Most Significant Bit (MSB) first in compliance with the I1°C and SPI bus protocols. The
IOSR cannot be accessed directly either by the host processor or by the DSP. It is fully
controlled by the SHI controller logic. In single-byte data transfer modes, the highest
byte of the IOSR is activated as a shift register. In 16-bit data transfer modes, the two
higher bytes of the IOSR are activated as the shift register. In 24-bit transfer modes,
all three bytes of the IOSR comprise the shift register (see Figure 5-5).
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23 16 15 8 7 0

| |

—

J

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 AA0420K

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

5.3.2 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 clears the HTDE flag. The
DSP may program the HTIE bit to cause a Host transmit data interrupt when HTDE
is set (see 5.3.6.10 HCSR Transmit-Interrupt Enable (HTIE)—Bit 11 on page 5-16).
Data should not be written to the HTX until HTDE is set in order to prevent
overwriting the previous data. HTX is reset to the empty state when in Stop mode
and during hardware reset, software reset, and individual reset.

In the single-byte data transfer mode the most significant byte of the HTX is
transmitted; in the double-byte mode the two most significant bytes, and in the
triple-byte mode all the HTX is transferred.

5.3.3 SHI Host Receive Data FIFO (HRX)—DSP Side

The 24-bit Host Receive data FIFO (HRX) is a ten-word-deep, First-In, First-Out
(FIFO) register used for Host-to-DSP data transfers. The serial data is received via the
shift register and then loaded into the HRX. In the single-byte data transfer mode, the
most significant byte of the shift register is transferred to the HRX (the other bits are
filled with 0s); in the double-byte mode the two most significant bytes (the least
significant byte is filled with 0s) are transferred, and in the triple-byte mode, all 24
bits are transferred to the HRX. The HRX may be read by the DSP while the FIFO is
being loaded from the shift register. The HRX is reset to the empty state (cleared)
when the chip is in Stop mode, and during hardware reset, software reset, and
individual reset.
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5.34 SHI Slave Address Register (HSAR)—DSP Side

The 24-bit Slave Address Register (HSAR) is used when the SHI operates in the 1°C
Slave mode and is ignored in the other operational modes. HSAR holds five bits of
the 7-bit slave address of the device. The SHI also acknowledges the general call
address (all Os, 7-bit address, and a 0 R/W bit) specified by the 1°C protocol. HSAR
cannot be accessed by the host processor.

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

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

Part of the 1°C slave address is stored in the read/write HA[6:3], HAL bits of HSAR.
The full 7-bit slave address is formed by combining the HA[6:3], HAL bits with the
HAO and HAZ2 pins to obtain the HA[6:0] slave address. The full 7-bit slave address is
compared to the received address byte whenever an 1°C master device initiates an
12C bus transfer. Du ring hardware reset or software reset, the HA[6:3] bits are set to
1011 while HA1 is cleared; this results in a default slave address of

1011 HA2_0_HAO.

5.35 SHI Clock Control Register (HCKR)—DSP Side

The SHI Clock Control Register (HCKR) is a 24-bit read/write register that controls
the SHI clock generator operation. The HCKR bits are cleared during hardware reset
or software reset, except for CPHA, which is set. The HCKR bits should be modified
only while the SHI is in the individual reset state (HEN = 0 in the HCSR). The HCKR
is not affected by the Stop state. Note that the maximum-allowed internally
generated bit clock frequency is f/, for the SPI mode and f./g for the 1°C mode (the
maximum-allowed externally generated bit clock frequency is fe</5 for the SPI mode
and fec/5 for the 1°C mode). The programmer should not use the combination

HRS =1 and HDM|[5:0] = 000000, since it may cause synchronization problems and
improper operation (it is therefore considered an illegal combination). The HCKR
bits are described in the following paragraphs.

5.3.5.1 Clock Phase and Polarity (CPHA and CPOL)—Bits 1-0

The programmer may select any of four combinations of Serial Clock (SCK) phase
and polarity when operating in the SPI mode (refer to Figure 5-6 on page 5-11). The
clock polarity is determined by the Clock Polarity (CPOL) control bit, which selects
an active-high or active-low clock. When CPOL is cleared, it produces a steady-state
low value at the SCK pin of the master device whenever data is not being transferred.
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If the CPOL bit is set, a high value is produced at the SCK pin of the master device
whenever data is not being transferred.

The Clock Phase (CPHA) bit controls the relationship between the data on the MISO
and MOSI pins and the clock produced or received at the SCK pin. This control bit is
used in conjunction with the CPOL bit to select the desired clock-to-data relationship.
The CPHA bit, in general, selects the clock edge that captures data and allows it to
change states. It has its greatest impact on the first bit transmitted (MSB) in that it
does or does not allow a clock transition before the data capture edge.

When in Slave mode and CPHA = 0, the SS line must be deasserted and asserted by
the external master between each successive word transfer. SS must remain asserted
between successive bytes within a word. The DSP core should write the next data
word to HTX when HTDE = 1, clearing HTDE. However, the data will be transferred
to the shift register for transmission only when SS is deasserted. HTDE is set when
the data is transferred from HTX to the shift register.

When in Slave mode and CPHA = 1, the SS line may remain asserted between
successive word transfers. The SS must remain asserted between successive bytes
within a word. The DSP core should write the next data word to HTX when

HTDE =1, clearing HTDE. The HTX data will be transferred to the shift register for
transmission as soon as the shift register is empty. HTDE is set when the data is
transferred from HTX to the shift register.

When in Master mode and CPHA = 0, the DSP core should write the next data word
to HTX when HTDE = 1, clearing HTDE; the data is transferred immediately to the
shift register for transmission. HTDE is set only at the end of the data word
transmission. Note that the master is responsible for deasserting and asserting the
slave SS line between word transmissions.

When in Master mode and CPHA = 1, the DSP core should write the next data word
to HTX when HTDE = 1, clearing HTDE. The HTX data will be transferred to the shift
register for transmission as soon as the shift register is empty. HTDE is set when the
data is transferred from HTX to the shift register.

The clock phase and polarity should be identical for both the master and slave SPI
devices. CPHA and CPOL are functional only when the SHI operates in the SPI
mode, and are ignored in the 1°C mode. The CPHA bit is set and the CPOL bit is
cleared during hardware reset and software reset.
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SS

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

SCK (CPOL =0, CPHA =1) |_

SCK (CPOL=1,CPHA=0) J

SCK (CPOLZl,CPHA:l)I_ L L L L L
s —IDEOEOOEEOOEMD—
Ll L] ]

Internal Strobe for Data Capture AA0421

Figure 5-6 SPI Data-To-Clock Timing Diagram

5.3.5.2 HCKR Prescaler Rate Select (HRS)—Bit 2

The HRS bit controls a prescaler in series with the clock generator divider. This bit is
used to extend the range of the divider when slower clock rates are desired. When
HRS is set, the prescaler is bypassed. When HRS is cleared, the fixed divide-by-eight
prescaler is operational. HRS is ignored when the SHI operates in the Slave mode.
The HRS bit is cleared during hardware reset and software reset.

5.3.5.3 HCKR Divider Modulus Select (HDM[5:0])—Bits 8-3

The HDM[5:0] bits specify the divide ratio of the clock generator divider. A divide
ratio between one and sixty-four (HDM[5:0] = 0 to $3F) may be selected. When the
SHI operates in the Slave mode, the HDM[5:0] bits are ignored. The HDM[5:0] bits
are cleared during hardware reset and software reset.

5.354 HCKR Reserved Bits—Bits 23-14, 11-9
These bits in HCKR are reserved and unused. They are read as 0s and should be
written with Os for future compatibility.

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

The read/write control bits HFM[1:0] specify the operational mode of the noise
reduction filters as described in Table 5-3. The filters are designed to eliminate
undesired spikes that might occur on the clock and data-in lines and allow the SHI to
operate in noisy environments when required. One filter is located in the input path
of the SCK/SCL line and the other is located in the input path of the data line (i.e., the
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SDA line when in 12C mode, the MISO line when in Master SPI mode, and the MOSI
line when in Slave SPI mode).

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

When HFM1 = 1 and HFMO = 0, the narrow-spike-tolerance filter mode is selected. In
this mode the filters eliminate spikes with durations of up to twenty nanoseconds.
This mode is suitable for use in mildly noisy environments and imposes some
limitations on the maximum achievable bit-rate transfer.

When HFM1 = 1 and HFMO = 1, the wide-spike-tolerance filter mode is selected. In
this mode the filters eliminate spikes up to one-hundred nanoseconds. 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.

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

Table 5-3 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

After changing the filter bits in the HCKR register 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 register).

Similarly, after changing the 12C bit in the HCSR or the CPOL bit in the HCKR, while
the filter mode bits are in the 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 register).
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5.3.6 SHI Control/Status Register (HCSR)—DSP Side

The HCSR register is a 24-bit read/write register that controls the Serial Host
Interface operation and reflects its status. Each bit is described in one of 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.

5.3.6.1 HCSR Host Enable (HEN)—BIt O

The read/write control bit Host Enable (HEN) enables the overall operation of the
SHI. When HEN is set, SHI operation is enabled. When HEN is cleared, the SHI is
disabled (individual reset state, see below). The HCKR register and the HCSR control
bits are not affected when HEN is cleared. When operating in Master mode, HEN
should be cleared only after the SHI is idle (HBUSY = 0). HEN is cleared during
hardware reset and software reset.

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

5.3.6.2 HCSR I1°C/SPI Selection (HI°C)—Bit 1

The read/write control bit HI?C 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. HI?C affects the functionality of the SHI pins as
described in Section 2 Pin Descriptions. It is recommended that an SHI individual
reset be generated (HEN cleared) before changing HI2C. HIC is cleared during
hardware reset and software reset.

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

The read/write control bits HM[1:0] select the size of the data words to be
transferred, as shown in Table 5-4. HM[1:0] should be modified only when the SHI
is idle (HBUSY = 0). HM[1:0] are cleared during hardware reset and software reset.

5.36.4 HCSR Reserved Bits—Bits 23, 18, 16, and 4

These bits in HCSR are reserved and unused. They are read as 0s and should be
written with Os for future compatibility.

Table 5-4 SHI Data Size

HM1 HMO Description

0 0 8-bit data
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Table 5-4 SHI Data Size (Continued)

HM1 HMO Description
0 1 16-bit data
1 0 24-bit data
1 1 Reserved
5.3.6.5 HCSR FIFO-Enable Control (HFIFO)—BIit 5

The read/write control bit HCSR FIFO-enable control (HFIFO) selects the size of the
receive FIFO. When HFIFO is cleared, the FIFO has a single level. When HFIFO is set,
the FIFO has ten 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.

5.3.6.6 HCSR Master Mode (HMST)—DBit 6

The read/write control bit HCSR Master (HMST) determines the operating mode of
the SHI. If HMST is set, the interface operates in the Master mode. If HMST is
cleared, the interface operates in the Slave mode. The SHI supports a single-master
configuration, in both 12C and SPI modes. When configured as an SPI Master, the SHI
drives the SCK line and controls the direction of the data lines MOSI and MISO. The
SS line must be held deasserted in the SPI Master mode; if the SS line is asserted
when the SHI is in SPI Master mode, a bus error will be generated (the HCSR HBER
bit will be set; see 5.3.6.17 Host Bus Error (HBER)—BIt 21). When configured as an
12C Master, the SHI controls the 12C 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.

5.3.6.7 HCSR Host Request Enable (HRQE[1:0])—Bits 8-7

The read/write Host Request Enable control bits (HRQE[1:0]) are used to enable the
operation of the HREQ pin. When HRQE[1:0] are cleared, the HREQ pin is disabled
and held in the high impedance state. If either HRQEO or HRQEL1 are set and the SHI
is operating in a Master mode, the HREQ pin becomes an input that controls the
serial clock; deasserting HREQ will suspend the Serial Clock. If either HRQEO or
HRQEL are set and the SHI is operating in a Slave mode, HREQ becomes an output
and its operation is defined as shown inTable 5-5. HRQE[1:0] should be modified
only when the SHI is idle (HBUSY = 0). HRQE[1:0] are cleared during hardware reset
and software reset.

5-14 DSP56004 User’s Manual MOTOROLA



SERIAL HOST INTERFACE
SERIAL HOST INTERFACE PROGRAMMING MODEL

Table 5-5 HREQ Function In SHI Slave Modes

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

5.3.6.8 HCSR Idle (HIDLE)—BIt 9

The read/write control/status bit Host Idle (HIDLE) is used only in the 1°C Master
mode; it is ignored otherwise. It is only possible to set the HIDLE bit during writes to
the HCSR register. HIDLE is cleared by writing to HTX.

To ensure correct transmission of the slave address byte, HIDLE should be set only
when the HTX is empty (HTDE = 1). After HIDLE is set, a write to the HTX will clear
HIDLE and cause the generation of a Stop event, a Start event, and then the
transmission of the eight MSBs of the data as the slave address byte.

While HIDLE is cleared, data written to the HTX will be transmitted ‘as is.” If the SHI
completes transmitting a word and there is no new data in the HTX, the clock will be
suspended after sampling ACK.

HIDLE selects the kind of acknowledge that the receiver sends after correct reception
of a byte. If HIDLE is cleared, the reception will be acknowledged by sending a ‘0’ bit
on the SDA line at the ACK clock tick. If HIDLE is set, the reception will not be
acknowledged (a ‘1’ bit is sent). It is used to signal an end-of-data to a slave
transmitter by not generating an ACK on the last byte. As a result, the slave
transmitter must release the SDA line to allow the master to generate the Stop event.
If the SHI completes receiving a word and the HRX FIFO is full, the clock will be
suspended before transmitting an ACK.

While HIDLE is cleared the bus is busy, that is, the Start event was sent but no Stop
event was generated. Setting HIDLE will cause a Stop event.

HIDLE is set while the SHI is not in the I1°C Master mode. HIDLE is set during
hardware reset, software reset, individual reset, and while the chip is in the Stop
state.
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5.3.6.9 HCSR Bus-Error Interrupt Enable (HBIE)—Bit 10

The read/write HCSR Bus-error Interrupt Enable (HBIE) control bit 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 will request SHI Bus-Error interrupt service from the
interrupt controller. HBIE is cleared by hardware reset and software reset.

Note: Clearing HBIE will mask a pending bus-error interrupt only after a
one-instruction-cycle delay. If HBIE is cleared in a long interrupt service
routine, it is recommended that at least one other instruction separate the
instruction that clears HBIE and the RTI instruction at the end of the interrupt
service routine.

5.3.6.10 HCSR Transmit-Interrupt Enable (HTIE)—Bit 11

The read/write HCSR Transmit-Interrupt Enable (HTIE) control bit is used to enable
the SHI transmit data interrupts. If HTIE is cleared, transmit interrupts are disabled,
and the HTDE status bit must be polled to determine if the SHI transmit-data register
is empty. If both HTIE and HTDE are set and HTUE is cleared, the SHI will request
SHI transmit-data interrupt service from the interrupt controller. If both HTIE and
HTUE are set, the SHI will request SHI transmit-underrun-error interrupt service
from the interrupt controller. HTIE is cleared by hardware reset and software reset.

Note: Clearing HTIE will mask a pending transmit interrupt only after a
one-instruction cycle-delay. If HTIE is cleared in a long interrupt service
routine, it is recommended that at least one other instruction separate the
instruction that clears HTIE and the RTI instruction at the end of the interrupt
service routine.

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

The read/write HCSR Receive Interrupt Enable (HRIE[1:0]) control bits are used to
enable the SHI receive-data interrupts. If HRIE[1:0] are cleared, receive interrupts are
disabled, and the HRNE and HRFF (Bits 17 and 19, see below) status bits must be
polled to determine if there is data in the receive FIFO. If HRIE[1:0] are not cleared,
receive interrupts will be generated according to Table 5-6. HRIE[1:0] are cleared by
hardware reset and software reset.

Note: Clearing HRIE[1:0] will mask a pending receive interrupt only after a
one-instruction-cycle delay. If HRIE[1:0] are cleared in a long interrupt service
routine, it is recommended that at least one other instruction separate the
instruction that clears HRIE[1:0] and the RTI instruction at the end of the
interrupt service routine.
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Table 5-6 HCSR Receive Interrupt Enable Bits

HRIE[1:0] Interrupt Condition

00 Disabled N.A.

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

10 Reserved N.A.

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

5.3.6.12 HCSR Host Transmit Underrun Error (HTUE)—Bit 14

The read-only status bit Host Transmit Underrun Error (HTUE) indicates that a
transmit-underrun error occurred. Transmit-underrun errors can occur only when
operating in a Slave mode (in a Master mode, transmission occurs in an on-demand
basis and no underrun can occur). It is set when both the shift register and the HTX
register are empty and the external master begins reading the next word:

« When operating in the 1°C mode, HTUE is set in the falling edge of the ACK
bit. In this case, the SHI will retransmit the previously transmitted word.

= When operating in the SPI mode, HTUE is set at the first clock edge if
CPHA =1, itis set at the assertion of SS if CPHA = 0.

If a transmit interrupt occurs with HTUE set, the transmit-underrun interrupt vector
will be generated. If a transmit interrupt occurs with HTUE cleared, the regular
transmit-data interrupt vector will be 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.

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

The read-only status bit Host Transmit Data Empty (HTDE) indicates that 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 for a special case in SPI Master
mode when CPHA = 0 (see HCKR). When operating in the SPI Master mode with
CPHA =0, HTDE is set after the end of the data word transmission. HTDE is cleared
when HTX is written by the DSP. HTDE is set by hardware reset, software reset, SHI
individual reset, and during the Stop state.

5.3.6.14 Host Receive FIFO Not Empty (HRNE)—Bit 17

The read-only status bit Host Receive FIFO Not Empty (HRNE) indicates that the
Host Receive FIFO (HRX) contains at least one data word. HRNE is set when the
FIFO is not empty. HRNE is cleared when HRX is read by the DSP, reducing the
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number of words in the FIFO to 0. HRNE is cleared during hardware reset, software
reset, SHI individual reset, and during the Stop state.

5.3.6.15 Host Receive FIFO Full (HRFF)—Bit 19

The read-only status bit Host Receive FIFO Full (HRFF) indicates that the Host
Receive FIFO (HRX) is full. HRFF is set when the HRX FIFO is full. HRFF is cleared
when HRX is read by the DSP 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.

5.3.6.16 Host Receive Overrun Error (HROE)—Bit 20

The read-only status bit Host Receive Overrun Error (HROE) indicates that a
data-receive overrun error occurred. Receive-overrun errors cannot occur when
operating in the 1°C Master mode, since the clock is suspended if the receive FIFO is
full. HROE is set when the shift register (IOSR) is filled and ready to transfer the data
word to the HRX FIFO and the FIFO is already full (HRFF is set). When a
receive-overrun error occurs, the shift register is not transferred to the FIFO. If a
receive interrupt occurs with HROE set, the receive-overrun interrupt vector will be
generated. If a receive interrupt occurs with HROE cleared, the regular receive-data
interrupt vector will be generated. HROE is cleared by reading the HCSR register
with HROE set, followed by reading HRX. HROE is cleared by hardware reset,
software reset, SHI individual reset, and during the Stop state.

5.3.6.17 Host Bus Error (HBER)—Bit 21

The read-only status bit Host Bus Error (HBER) indicates that an SHI bus error
occurred when operating as a master (HMST set). In I1°C mode, HBER is set if the
transmitter does not receive an acknowledge after a byte is transferred; in this case, a
Stop event will be generated and then transmission will be suspended. In SPI mode,
the bit is set if SS is asserted; in this case, 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.

5.3.6.18 HCSR Host Busy (HBUSY)—Bit 22

The read-only status bit Host Busy (HBUSY) indicates that the 12C bus is busy (when
in the 1°C mode) or that the SHI itself is busy (when in the SPI mode). When
operating in the 12C mode, HBUSY is set after the SHI detects a Start event and
remains set until a Stop event is detected. When operating in the SPI Slave mode,
HBUSY is set while SS is asserted. When operating in the SPI Master mode, HBUSY is
set if the HTX register is not empty or if the IOSR shift register is not empty. HBUSY
is cleared otherwise. HBUSY is cleared by hardware reset, software reset, SHI
individual reset, and during the Stop state.
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5.4 CHARACTERISTICS OF THE SPI BUS

The SPI bus consists of two serial data lines, Master In, Slave Out (MISO), Master
Out, Slave In (MOSI), a Serial Clock line (SCK), and a Slave Select line (SS). During an
SPI transfer, a byte is shifted out one data pin while a different byte is simultaneously
shifted in through a second data pin. It can be viewed as two 8-bit shift registers
connected together in a circular manner, where one shift register is located on the
master side and the other on the slave side. Thus, the data bytes in the master and
slave are effectively exchanged. The MISO and MOSI data pins are used for
transmitting and receiving serial data. When the SPI is configured as a master, MISO
is the master data input line, and MOSI is the master data output line. When the SPI
is configured as a slave, these pins reverse functionality.

Clock control logic allows a selection of clock polarity and a choice of two
fundamentally different clocking protocols to accommodate most available
synchronous serial peripheral devices. When the SPI is configured as a master, the
control bits in the HCKR select the appropriate clock rate, as well as the desired clock
polarity and phase format (see Figure 5-6 on page 5-11).

The Slave Select (SS) line allows individual selection of a slave SPI device; slave
devices that are not selected do not interfere with SPI bus activity (they keep their
MISO output pin in the high-impedance state). When the SHI is configured as an SPI
master, the SS line should be held high. If the SS line is driven low when the SHI is in
SPI Master mode, a bus error will be generated (the HCSR HBER bit will be set).

5.5 CHARACTERISTICS OF THE I°C BUS

The 1°C serial bus consists of two bi-directional lines, one for data signals (Serial Data
and Acknowledge—SDA) and one for clock signals (Serial Clock—SCL). Both the
SDA and SCL lines must be connected to a positive supply voltage via a pull-up
resistor.
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5.5.1

Overview

The I1°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 will be interpreted
as control signals (see Figure 5-7)

e

Data line Change
| stable: | of data |
[ data valid i allowed AA0422k

Figure 5-7 1%C Bit Transfer

Accordingly, the 1°C bus protocol defines the following events:

Bus not busy: both data and clock lines remain high

Start data transfer: the Start event is defined as a change in the state of the data
line, from high to low, while the clock is high (see Figure 5-8)

Stop data transfer: the Stop event is defined as a change in the state of the data
line, from low to high, while the clock is high (see Figure 5-8)

Data valid: the data line contains 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

_ =4 L — — 4

Start event Stop event AA0423
Figure 5-8 1°C Start and Stop Events

5-20

DSP56004 User’'s Manual MOTOROLA



SERIAL HOST INTERFACE
CHARACTERISTICS OF THE I°C BUS

Within the 12C bus specifications, a low-speed mode (2 kHz clock rate) and a
high-speed mode (100 kHz clock rate) are defined. The SHI operates in the
high-speed mode only.

By definition, a device that generates a signal is called a “transmitter,” and a device
that receives a signal from a transmitter is called a “receiver.” The device that
controls the signal is called the “master” and the devices that are controlled by the
master are called “slaves.”

Each 8-bit word is followed by one acknowledge bit. This acknowledge bit is a high
level put on the bus by the transmitter when the master generates an extra
acknowledge-related clock pulse. A slave receiver that is addressed is obliged to
generate an acknowledge after the reception of each byte. Also, a master receiver
must generate an acknowledge after the reception of each byte that has been clocked
out of the slave transmitter.

The device that acknowledges has to pull down the SDA line during the
acknowledge clock pulse in such a way that the SDA line is stable low during the
high period of the acknowledge-related clock pulse (see Figure 5-9).

A master receiver must signal an end-of-data to the slave transmitter by not
generating an acknowledge on the last byte that has been clocked out of the slave. In
this case the transmitter must leave the data line high to enable the master generation
of the Stop event.

Handshaking may also be accomplished by use of the clock synchronizing
mechanism. Slaves can hold the SCL line low, after receiving and acknowledging a
byte, to force the master into a wait state until the slave is ready for the next byte
transfer. The SHI supports this feature when operating as a master and will wait until
the slave releases the SCL line before proceeding with the data transfer.
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Figure 5-9 Acknowledgment on the 1°C Bus

55.2 I2C Data Transfer Formats

1°C bus data transfers follow the following format: after the Start event, a slave
address is sent. This address is 7 bits wide. The eighth bit is a data direction bit
(R/W)-0’ indicates a transmission (write), and ‘1’ indicates a request for data (read).
A data transfer is always terminated by a Stop event generated by the master.
However, if the master still wishes to communicate on the bus, it can generate
another Start event, and address another slave without first generating a Stop event
(this feature is not supported by the SHI when operating as an 1°C master). This
method is also used to provide indivisible data transfers. Various combinations of
read/write formats are illustrated in Figure 5-10 and Figure 5-11. Note that the first
data byte in a write-bus cycle can be used as a user-defined control byte (e.g., to
determine the location to which the subsequent data bytes should be transferred).

5.6 SHI PROGRAMMING CONSIDERATIONS

The SHI supports both SPI and 1°C bus protocols and can be configured to operate as
a slave or a single master device. Once the operating mode is selected, the SHI may
communicate with an external device by receiving and/or transmitting data. Before
changing the SHI operational mode, an SHI individual reset should be generated by
clearing the HEN bit. The following paragraphs describe programming
considerations for each operational mode.
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ACK from ACK from ACK from
Slave Slave Slave
S| Slave Address | 0 | A| First Data Byte A Data Byte AlS P
1 1 1
' 3 | weoow b
Start R/W Data Bytes Start or
Bit Stop Bit  ap0425

Figure 5-10 1°C Bus Protocol For Host Write Cycle

ACK from ACK from No ACK
Slave Master from Master
S| Slave Address | 1 | A Data Byte A| Last Data Byte 1| P
| | |
' b L woww '
Start R/W Data Bytes Stop
Bit Bit  Aa0426

Figure 5-11 1°C Bus Protocol For Host Read Cycle

5.6.1 SPI Slave Mode

The SPI Slave mode is entered by enabling the SHI (HEN = 1), selecting the SPI mode
(HI%C = 0), and selecting the Slave mode of operation (HMST = 0). The programmer
should verify that the CPHA and CPOL bits (in the HCKR register) 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:

e SCK/SCL is the SCK serial clock input.

= MISO/SDA is the MISO serial data output.

e MOSI/HAQO is the MOSI serial data input.

= SS/HAZ2 is the SS Slave Select input.

< HREQ is the Host Request output.

In the SPI Slave mode, a receive, transmit, or full-duplex data transfer may be
performed. Actually, the interface simultaneously performs both data receive and
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transmit. The status bits of both receive and transmit paths are active; however, the
programmer may disable undesired interrupts and ignore non-relevant 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 if the HTDE status bit is set. If no writes to HTX
occurred, the contents of HTX are not transferred to IOSR, so the data that is shifted
out when receiving is the same as the data present in the IOSR shift register at the
time. The HRX FIFO contains valid receive data, which may be read by the DSP, if
the HRNE status bit is set.

The HREQ output pin, if enabled for receive (HRQE1-HRQEO = 01), is asserted when
the IOSR is ready for receive and the HRX FIFO is not full; this operation guarantees
that the next received data word will be stored in the FIFO. The HREQ output pin, if
enabled for transmit (HRQE1-HRQEO = 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 (HRQE1-HRQEO = 11), it is asserted when the receive and transmit
conditions are true simultaneously. 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.
Connecting the HREQ line between two SHI-equipped DSPs, one operating as an SPI
master and the other as an SPI slave, enables full hardware handshaking if operating
with CPHA = 1.

The SS line should be kept asserted during a data word transfer. If the SS line is
deasserted before the end of the data word transfer, the transfer is aborted and the
received data word is lost.

5.6.2 SPI Master Mode

The SPI Master mode is initiated by enabling the SHI (HEN = 1), selecting the SPI
mode (HI?C = 0), and selecting the Master mode of operation (HMST = 1). Before
enabling the SHI as an SPI Master, 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.
e MISO/SDA is the MISO serial data input.
e MOSI/HAO is the MOSI serial data output.
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= SS/HAZ2 is the SS input. It should be kept deasserted (high) for proper
operation.

= HREQ is the Host Request input.

The external slave can be selected either by using external logic or by activating a
GPIO pin connected to its SS pin. However, the SS input pin of the SPI Master should
be held deasserted (high) for proper operation. If the SPI Master SS pin is asserted,
the Bus Error status bit (HBER) is set. If the Bus error Interrupt Enable (HBIE) bit is
also set, the SHI will request an SHI Bus Error interrupt service from the DSP
interrupt controller.

In the SPI Master mode the DSP must write to HTX in order to perform a receive, a
transmit, or a full-duplex data transfer. Actually, the interface performs simultaneous
data receive and transmit. The status bits of both receive and transmit paths are
active; however, the programmer may disable undesired interrupts and ignore
non-relevant status bits. In a data transfer, the HTX is transferred to IOSR, clock
pulses are generated, the IOSR data is shifted out (via MOSI) and received data is
shifted in (via MISO). The DSP programmer may write HTX (if the HTDE status bit is
set) to initiate the transfer of the next word. The HRX FIFO contains valid receive
data, which may be read by the DSP, if the HRNE status bit is set.

It is recommended that an SHI individual reset (HEN cleared) be generated before
beginning data reception in order to reset the receive FIFO to its initial (empty) state
(e.g., when switching from transmit to receive data).

The HREQ input pin is ignored by the SPI master if HRQE[1:0] are cleared, and
considered if either of them is set. When asserted by the slave, HREQ indicates that
the external slave is ready for the next data transfer. As a result, the SPI master sends
clock pulses for the full data word transfer. HREQ is deasserted by the external slave
at the first clock pulse of the new data transfer. When deasserted, HREQ will prevent
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 and the other as an SPI slave, enables full hardware handshaking if

CPHA = 1. For CPHA =0, HREQ should be disabled by clearing HRQE[1:0].

5.6.3 IC Slave Mode

The 1°C Slave mode is entered by enabling the SHI (HEN = 1), selecting the 1°C mode
(HI2C = 1), and selecting the Slave mode of operation (HMST = 0). In this operational
mode the contents of HCKR are ignored. When configured in the I°C Slave mode, the
SHI external pins operate as follows:
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= SCK/SCL is the SCL serial clock input.

= MISO/SDA is the SDA open drain serial data line.
e MOSI/HAO is the HAO slave address input.

= SS/HAZ2 is the HA2 slave address input.

= HREQ is the Host Request output.

When the SHI is enabled and configured in the 12C Slave mode, the SHI controller
inspects the SDA and SCL lines to detect a Start event. Upon detection of the Start
event, the SHI receives the Slave Address byte and enables the slave address
recognition unit. If the Slave Address byte was not identified as its personal address,
the SHI controller will fail to acknowledge this byte by not driving low the SDA line
at the ninth clock pulse (ACK = 1). However, it continues to poll the SDA and SCL
lines to detect a new Start event. If the personal slave address was correctly
identified, the Slave Address byte is acknowledged (ACK =0 is sent) and a
receive/transmit session is initiated according to the eighth bit of the received Slave
Address byte (the R/W bit).

5.6.3.1 Receive Data in I°C Slave Mode

A receive session is initiated when the personal slave address has been correctly
identified and the R/W bit of the received Slave Address byte has been cleared.
Following a receive initiation, data in the SDA line is shifted into IOSR MSB first.
Following each received byte, an acknowledge (ACK = 0) is sent at the ninth clock
pulse via the SDA line. Data is acknowledged bytewise, as required by the 1°C bus
protocol, and is transferred to the HRX FIFO when the complete word (according to
HM[1:0]) is filled into IOSR. It is the responsibility of the programmer to select the
correct number of bytes in an 1°C frame so that they fit in a complete number of
words. For this purpose, the Slave Address byte does not count as part of the data,
and therefore, it is treated separately.

In a receive session, only the receive path is enabled and HTX to IOSR transfers are
inhibited. The HRX FIFO contains valid data, which may be read by the DSP if the
HRNE status bit is set. When the HRX FIFO is full and IOSR is filled, an overrun
error occurs and the HROE status bit is set. In this case, the last received byte will not
be acknowledged (ACK =1 is sent) and the word in the IOSR will not be transferred
to the HRX FIFO. This may inform the external 1°C master of the occurrence of an
overrun error on the slave side. Consequently the 1°C master may terminate this
session by generating a Stop event.

The HREQ output pin, if enabled for receive (HRQE[1:0] = 01), is asserted when the
IOSR is ready to receive and the HRX FIFO is not full; this operation guarantees that
the next received data word will be 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
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the external 12C master. Connecting the HREQ line between two SHI-equipped DSPs,
one operating as an 1°C master and the other as an I1°C slave, enables full hardware
handshaking.

5.6.3.2 Transmit Data In 1°C Slave Mode

A transmit session is initiated when the personal slave address has been correctly
identified and the R/W bit of the received Slave Address byte has been set.
Following a transmit initiation, the IOSR is loaded from HTX (assuming the latter
was not empty) and its contents are shifted out, MSB-first, on the SDA line.
Following each transmitted byte, the SHI controller samples the SDA line at the ninth
clock pulse, and inspects the ACK status. If the transmitted byte was acknowledged
(ACK = 0), the SHI controller continues and transmits the next byte. However, if it
was not acknowledged (ACK = 1), the transmit session is stopped and the SDA line is
released. Consequently, the external master may generate a Stop event in order to
terminate the session.

HTX contents are transferred to IOSR when the complete word (according to
HM[1:0]) has been shifted out. It is, therefore, the responsibility of the programmer to
select the correct number of bytes in an 12C frame so that they fit in a complete
number of words. For this purpose, the Slave Address byte does not count as part of
the data, and therefore, it is treated separately.

In a transmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO
transfers are inhibited. When the HTX transfers its valid data word to IOSR, the
HTDE status bit is set and the DSP may write a new data word to HTX. If both IOSR
and HTX are empty, an underrun condition occurs, setting the HTUE status bit; if
this occurs, the previous word will be retransmitted.

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 is ready to transmit the next data word. HREQ is deasserted at the first clock
pulse of the next transmitted data word. The HREQ line may be used to interrupt the
external 1°C master. Connecting the HREQ line between two SHI-equipped DSPs,
one operating as an 12C master and the other as an 12C slave, enables full hardware
handshaking.

5.6.4 I2C Master Mode

The 12C Master mode is entered by enabling the SHI (HEN = 1), selecting the 1°C
mode (HIZC = 1) and selecting the Master mode of operation (HMST = 1). Before
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enabling the SHI as an 12C master, the programmer should program the appropriate
clock rate in HCKR.

When configured in the 12C Master mode, the SHI external pins operate as follows:

= SCK/SCL is the SCL serial clock output

< MISO/SDA is the SDA open drain serial data line
e MOSI/HAQOQ is the HAO slave address input

= SS/HAZ2 is the HA2 slave address input

= HREQ is the Host Request input

In the 1°C 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 will be interpreted as being a Slave Address byte. This data byte
must specify the slave address to be selected and the requested data transfer
direction. Note that 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) will be shifted out, independent of the word length selected by
the HM[1:0] bits.

In order for the DSP to initiate a data transfer the following actions are to be
performed:

e The DSP tests the HIDLE status bit.

« |fthe HIDLE status bit is set, the DSP writes the Slave Address and the R/W
bit to the most significant byte of HTX.

= The SHI generates a Start event.

= The SHI transmits one byte only, internally samples the R/W direction bit
(last bit), and accordingly initiates a receive or transmit session.

= The SHI inspects the SDA level at the ninth clock pulse to determine the ACK
value. If acknowledged (ACK = 0), it starts its receive or transmit session
according to the sampled R/W value. If not acknowledged (ACK = 1), the
HBER status bit in HCSR is set, which will cause an SHI Bus Error interrupt
request if HBIE is set, and a Stop event will be generated.

The HREQ input pin is ignored by the 1°C master if HRQE1 and HRQEQO are cleared,
and considered if either of them is set. When asserted, HREQ indicates that the
external slave is ready for the next data transfer. As a result, the 1°C master sends
clock pulses for the full data word transfer. HREQ is deasserted by the external slave
at the first clock pulse of the next data transfer. When deasserted, HREQ will prevent
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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 1°C
master and the other as an I1°C slave, enables full hardware handshaking.

5.6.4.1 Receive Data in 1°C Master Mode

A receive session is initiated if the R/W direction bit of the transmitted Slave
Address byte is set. Following a receive initiation, data in SDA line is shifted into
IOSR MSB first. Following each received byte, an acknowledge (ACK = 0) is sent at
the ninth clock pulse via the SDA line if the HIDLE control bit is cleared. Data is
acknowledged bytewise, as required by the 1°C bus protocol, and is transferred to the
HRX FIFO when the complete word (according to HM[1:0]) is filled into IOSR. It is
the responsibility of the programmer to select the correct number of bytes in an 12C
frame so that they fit in a complete number of words. For this purpose, the Slave
Address byte does not count as part of the data, and therefore, it is treated separately.

If the 1°C slave transmitter is acknowledged, it should transmit the next data byte. In
order to terminate the receive session, the programmer should set the HIDLE bit at
the last required data word. As a result, the last byte of the next received data word is
not acknowledged, the slave transmitter releases the SDA line, and the SHI generates
the Stop event and terminates the session.

In a receive session, only the receive path is enabled and the HTX-to-IOSR transfers
are inhibited. If the HRNE status bit is set, the HRX FIFO contains valid data, which
may be read by the DSP. When the HRX FIFO is full, the SHI suspends the serial
clock just before acknowledge. In this case, the clock will be reactivated when the
FIFO is read (the SHI gives an ACK =0 and proceeds receiving) or when HIDLE is set
(the SHI gives ACK =1, generates the Stop event, and ends the receive session).

5.6.4.2 Transmit Data In I°C Master Mode

A transmit session is initiated if the R/W direction bit of the transmitted Slave
Address byte is cleared. Following a transmit initiation, the IOSR is loaded from HTX
(assuming HTX is not empty) and its contents are shifted out, MSB-first, on the SDA
line. Following each transmitted byte, the SHI controller samples the SDA line at the
ninth clock pulse, and inspects the ACK status. If the transmitted byte was
acknowledged (ACK = 0), the SHI controller continues transmitting the next byte.
However, if it was not acknowledged (ACK = 1), the HBER status bit is set to inform
the DSP side that a bus error (or overrun, or any other exception in the slave device)
has occurred. Consequently, the 1°C master generates a Stop event and terminates
the session.

HTX contents are transferred to the IOSR when the complete word (according to
HM[1:0]) has been shifted out. It is, therefore, the responsibility of the programmer to
select the right number of bytes in an 12C frame so that they fit in a complete number
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of words. Remember that for this purpose, the Slave Address byte does not count as
part of the data.

In a transmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO
transfers are inhibited. When the HTX transfers its valid data word to the IOSR, the
HTDE status bit is set and the DSP may write a new data word to HTX. If both IOSR
and HTX are empty, the SHI will suspend the serial clock until new data is written
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).

5.6.5 SHI Operation During Stop

The SHI operation cannot continue when the DSP is in the Stop state, since no DSP
clocks are active. While the DSP is in the Stop state, the SHI will remain in the
individual reset state.

While in the individual reset state:

e 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

e the HCSR and HCKR control bits are not affected
It is recommended that the SHI be disabled before entering the Stop state.
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Introduction

6.1 INTRODUCTION

The DSP communicates with data sources and sinks through its Serial Audio
Interface (SAI). The SAI is a synchronous serial interface dedicated for audio data
transfers. It provides a full duplex serial port for serial connection with a variety of
audio devices such as Analog-to-Digital (A/D) converters, Digital-to-Analog (D/A)
converters, CD devices, etc. The SAl implements a wide range of serial data formats
currently in use by audio manufacturers. Examples are:

- 1% (Inter Integrated-circuit Sound) format (Philips)
< CDP format (Sony)

< MEC format (Matsushita)

= Most Industry-Standard A/D and D/A

The SAI consists of independent transmit and receive sections and a shared
baud-rate generator. The transmitter and receiver sections may each operate in either
the Master or Slave mode. In the Master mode the serial clock and the word select
lines are driven internally according to the baud-rate generator programming. In the
Slave mode these signals are supplied from an external source. The transmitter
consists of three transmit-data registers, three fully synchronized output- shift
registers, and three serial-data output lines controlled by one transmitter controller.
This permits data transmission to one, two, or three stereo audio devices
simultaneously. The receiver consists of two receive-data registers, two fully
synchronized input-shift registers, and two serial data input lines controlled by one
receiver controller. This permits data reception from one or two stereo audio devices
simultaneously.

The following is a short list of the SAI features:

Programmable serial clock generator with high resolution:

fsek = fosc/21 (for i > 1)
< Maximum external serial clock rate equal to one third of the DSP core clock
= Separate transmit and receive sections
= Master or Slave operating modes
= Three synchronized data transmission lines
< Two synchronized data reception lines
= Double-buffered
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= User programmable to support a wide variety of serial audio formats

= Three receive interrupt vectors: Receive Left Channel, Receive Right Channel,
and Receive with Exception

e Three transmit interrupt vectors: Transmit Left Channel, Transmit Right
Channel, and Transmit with Exception

6.2 SERIAL AUDIO INTERFACE INTERNAL ARCHITECTURE

The SAl is functionally divided into three parts: the baud-rate generator, the receiver
section, and the transmitter section. The receive and transmit sections are completely
independent and can operate concurrently or separately. The following paragraphs
describe the operation of these sections.

6.2.1 Baud-Rate Generator

The baud-rate generator produces the internal serial clock for the SAI if either or both
of the receiver and transmitter sections are configured in the Master mode. The
baud-rate generator is disabled if both receiver and transmitter sections are
configured as slaves. Figure 6-1 illustrates the internal clock path connections. The
receiver and transmitter clocks can be internal or external depending on the
configuration of the Receive Master (RMST) and Transmit Master (TMST) control
bits.

TM%T =0
TClock
_© > TX
@E} ‘o)
4 TMST =1
TMST
RMST =0
° RClock
SR . I
RMST =1

RMST _f Internal Clock

Prescale Divider
F Divide | | DivideBy1 | | DivideBy1 | |
OSC ™™ By2 or To
Divide By 8 Divide By 256
PSR PMO-PM7 AADAZTK

Figure 6-1 SAIl Baud-Rate Generator Block Diagram
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6.2.2 Receive Section Overview

The receive section contains two receivers and consists of a 16-bit control/status
register, two 24-bit shift registers, and two 24-bit data registers. These two receivers
share the same control mechanism, therefore the bit clock, word select line, and all
control signals generated in the receive section simultaneously affect both receivers.
The receiver section can be configured as a master driving its bit clock and word
select lines from the internal baud-rate generator, or as a slave receiving these signals
from an external source. When both receivers are disabled, the receive controller
becomes idle, the status bits RLDF and RRDF (see Section 6.3.2 Receiver
Control/Status Register (RCS), below) are cleared, and the receive section external
pins are tri-stated. The block diagram of the receiver section is shown in Figure 6-2.

Global Data Bus (GDB)

23 0

15 ] 0

RXO0 Data Register

Rx Control/Status (RCS)

A 23 o
. . SDIO
Y > RXO0 Shift Register e
< 23 0
Status
RCLOCK b .
—p| Rx Controner < RX1 Data Reglster
23 0
Control SDI1
> RX1 Shift Register [——

AA0428

Figure 6-2 SAI Receive Section Block Diagram

The 24-bit shift registers receive the incoming data from the Serial Data In pins (SDIO
and SDI1, or SDIx). Data is shifted in at the transitions of the serial receive clock
SCKR. Data is assumed to be received MSB first if RDIR is cleared, and LSB first if
RDIR is set. Data is transferred to the SAI receive data registers after 16, 24, or 32 bits
have been shifted in, as determined by the word length control bits RWL1 and
RWLO. A special control mechanism is used to emulate a 32-bit shift register in the
event that the word length is defined as 32 bits. This is done by disabling eight data
shifts at the beginning/end of the data word transfer, according to the RDWT bit in
the RCS register. These shift registers cannot be directly accessed by the DSP.
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6.2.3 SAIl Transmit Section Overview

The transmit section contains three transmitters and consists of a 16-bit
control/status register, three 24-bit shift registers, and three 24-bit data registers.
These three transmitters are controlled by the same control mechanism, therefore, the
bit clock, word select line, and all control signals generated in the transmit section
equally affect all three transmitters. The transmit section can be configured as a
master driving its bit clock and word select lines from the internal baud-rate
generator, or as a slave receiving these signals from an external source. Each of the
three transmitters can be enabled separately. When a transmitter is disabled, its
associated Serial Data Out (SDO) pin goes to high level. When all transmitters are
disabled, the transmit controller becomes idle, the status bits TRDE and TLDE are
cleared, and the transmit section external pins, Word Select Transmit (WST) and
Serial Clock Transmit (SCKT), are tri-stated. The transmitter section is illustrated in
Figure 6-3.
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Global Data Bus (GDB)

23 ] 0

15 v 0

TXO0 Data Register

Transmit Control/Status (TCS)

23 ] 0

A SDO0

> TXO0 Shift Register —>

\

< 23 0

<

Status

» TX1 Data Register
TCLOCK )
—_—> Transmit Controller <

<

23 v 0

Control SDO1
> TX1 Shift Register —>

23 ] 0

_— TX2 Data Register

23 Y 0

SDO2
» TX2 Shift Register —>

AA0429k

Figure 6-3 SAIl Transmit Section Block Diagram

The transmitter section data path consists of three fully synchronized sets of data and
shift registers capable of operating simultaneously. In each set, the 24-bit shift
register contains the data being transmitted. Data is shifted out to the associated SDO
pin at the transitions of the serial transmit clock SCKT. Data is shifted out MSB first if
TDIR is cleared, and LSB first if TDIR is set. The number of bits shifted out before the
shift register is considered empty and ready to be reloaded can be 16, 24, or 32 bits as
determined by the TWL1 and TWLO control bits in the TCS register. A special control
mechanism is used to emulate a 32-bit shift register if the word length is defined as 32
bits. This is done by enabling eight data shifts at the beginning/end of the data word
transfer, according to the TDWE bit in the TCS register. These shift registers cannot
be directly accessed by the DSP.
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6.3 SERIAL AUDIO INTERFACE PROGRAMMING MODEL

The Serial Audio Interface registers that are available to the programmer are shown
in Figure 6-4. The registers are described in the following paragraphs.

Baud Rate Control Register (BRC)X: $FFEQ
23 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| | | | | | | [ Psr | Pm7 | Pm6 | Pms [ Pma | Pm3 | PMm2 | PML | PMoO|
)

Receive Control/Status Register (RCS) X: $FFE1
23 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ ¢ [rrOF[RLDF|  |RxL [ RXIE | RDOWT [RREL[RCKP[RLRS| RDIR |[RWL1[RWLO|RMST] [R1EN|ROEN]

2)

~

Transmit Control/Status Register (TCS) X: $FFE4
23 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|:§: [TRDE| TLDE]| [ ™xiL | TxIE [TDWE| TREL [TCKP|TLRS| TDIR [TWL1[TWLO[TMST|T2EN]| T1EN]| TOEN]
J

23 0 Receiver 0 Data Register
I:l Reserved Bit(s) read-only

X: $FFE2

23 0 Receiver 1 Data Register

read-only
X: $FFE3

23 0 Transmitter 0 Data Register

write-only
X: $FFES

23 0 Transmitter 1 Data Register

write-only
X: $FFE6

23 0 Transmitter 2 Data Register

write-only
X: $FFE7

AA0430k

Figure 6-4 SAIl Registers

The SAI interrupt vectors can be located in either of two different regions in memory.
The transmit interrupt vector locations are controlled by TXIL bit in the Transmit
Control Status (TCS) register. Similarly, the receive interrupt vector locations are
controlled by RXIL bit in the Receive Control Status (RCS) register. The interrupt
vector locations for the SAI are shown in Table 6-1. The interrupts generated by the
SAl are prioritized as shown in Table 6-2.
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Table 6-1 SAI Interrupt Vector Locations

Interrupt TXIL=0 TXIL=1 RXIL=0 RXIL=1
Left Channel Transmit P: $0010 P: $0040 — —
Right Channel Transmit P: $0012 P: $0042 — —
Transmit Exception P: $0014 P: $0044 — —
Left Channel Receive — — P: $0016 P: $0046
Right Channel Receive — — P: $0018 P: $0048
Receive Exception — — P: $001A P: $004A

Table 6-2 SAI Internal Interrupt Priorities

Priority Interrupt
Highest SAI Receive

SAI Transmit

SAI Left Channel Receive

SAI Left Channel Transmit

SAI Right Channel Receive
Lowest SAIl Right Channel Transmit

6.3.1 Baud Rate Control Register (BRC)

The serial clock frequency is determined by the control bits in the Baud Rate Control
register (BRC) as described in the following paragraphs. The BRC is illustrated in
Figure 6-4 on page 6-8. The maximum allowed internally generated bit clock
frequency is f,4./4 and the maximum allowed external bit clock frequency is f,./3.
BRC bits should be modified only when the baud-rate generator is disabled (i.e.,
when both receiver and transmitter sections are defined as slaves or when both are in
the individual reset state); otherwise improper operation may result. When read by
the DSP, the BRC appears on the two low-order bytes of the 24-bit word, and the
high-order byte is read as 0s. The BRC is cleared during hardware reset and software
reset.
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6.3.1.1 Prescale Modulus select (PM[7:0])—Bits 7-0

The PM[7:0] bits specify the divide ratio of the prescale divider in the SAl baud-rate
generator. A divide ratio between 1 and 256 (PM[7:0] = $00 to $FF) may be selected.
The PM[7:0] bits are cleared during hardware reset and software reset.

Note: The programmer should not use the combination PSR = 1 and
PM[7:0] = 00000000, since it may cause synchronization problems and
improper operation (it is considered an illegal combination).

6.3.1.2 Prescaler Range (PSR)—Bit 8

The Prescaler Range (PSR) bit controls a fixed divide-by-eight prescaler connected in
series with the variable prescale divider. This bit is used to extend the range of the
prescaler for those cases in which a slower clock rate is desired. When PSR is set, the
fixed prescaler is bypassed. When PSR is cleared, the fixed divide-by-eight prescaler
is operational. The PSR bit is cleared during hardware reset and software reset.

6.3.1.3 BRC Reserved Bits—Bits 15-9
Bits 15-9 in the BRC are reserved and unused. They read as 0s and should be written
with Os for future compatibility.

6.3.2 Receiver Control/Status Register (RCS)

The Receiver Control/Status register (RCS) is a 16-bit read/write control/status
register used to direct the operation of the receive section in the SAI (see Figure 6-4
on page 6-8). The control bits in the RCS determine the serial format of the data
transfers, whereas the status bits of the RCS are used by the DSP programmer to
interrogate the status of the receiver. Receiver-enable and interrupt-enable bits are
also provided in the RCS. When read by the DSP, the RCS appears on the two
low-order bytes of the 24-bit word, and the high-order byte is read as 0s. Hardware
reset and software reset clear all the bits in the RCS. If both ROEN and R1EN bits are
cleared, the receiver section is disabled and it enters the individual reset state. The
individual reset state is entered 1 instruction cycle after bits ROEN and R1EN are
cleared. While in the Stop or individual reset state, the status bits in RCS are also
cleared. Stop or individual reset do not affect the RCS control bits. The programmer
should change the RCS control bits (except for RXIE) only while the receiver section
is in the individual reset state (i.e., disabled), otherwise improper operation may
result. The RCS bits are described in the following paragraphs.

6.3.2.1 RCS Receiver 0 Enable (ROEN)—BIt 0

The read/write Receiver 0 Enable (ROEN) control bit enables the operation of SAI
Receiver 0. When ROEN is set, Receiver 0 is enabled. When ROEN is cleared, Receiver
0 is disabled. If both ROEN and R1EN are cleared, the receiver section is disabled,
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which is equivalent to the individual reset state. The ROEN bit is cleared during
hardware reset and software reset.

6.3.2.2 RCS Receiver 1 Enable (R1IEN)—Bit 1

The read/write Receiver 1 Enable (R1EN) control bit enables the operation of SAI
Receiver 1. When R1EN is set, Receiver 1 is enabled. When R1EN is cleared, Receiver
1 is disabled. If both ROEN and R1EN are cleared, the receiver section is disabled,
which is equivalent to the individual reset state. The R1EN bit is cleared during
hardware reset and software reset.

6.3.2.3 RCS Reserved Bit—Bits 13 and 2
Bits 13 and 2 in the RCS are reserved and unused. They read as 0s and should be
written with Os for future compatibility.

6.3.2.4 RCS Receiver Master (RMST)—Bit 3

The read/write control bit Receiver Master (RMST) switches the operation of the
receiver section between Master and Slave modes. When RMST is set, the SAI
receiver section is configured as a master. In the Master mode the receiver drives the
SCKR and WSR pins. When RMST is cleared, the SAI receiver section is configured as
a slave. In the Slave mode, the SCKR and WSR pins are driven from an external
source. The RMST bit is cleared during hardware reset and software reset.

6.3.2.5 RCS Receiver Word Length Control (RWL[1:0])—Bits 4 and 5
The read/write Receiver Word Length (RWL[1:0]) control bits are used to select the
length of the data words received by the SAI. The data word length is defined by the
number of serial clock cycles between two edges of the word select signal. Word
lengths of 16, 24, or 32 bits may be selected as shown in Table 6-3.

Table 6-3 Receiver Word Length Control

RWL1 RWLO Number of Bits/Word
0 0 16
0 1 24
1 0 32
1 1 Reserved

The receive data registers are always loaded with 24 bits when a new data word
arrives. If the 16-bit word length is selected, the received 16-bit data word will be
placed in the 16 most significant bits of the receive data register, independent of the
Receiver data shift Direction bit (RDIR, see below), while the 8 least significant bits of
the receive data register are cleared. If a 32-bit word length is selected, 8 bits are
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discarded according to the Receiver Data Word Truncation (RDWT) control bit (see
below). RWL][1:0] are also used to generate the word select indication when the
receiver section is configured as master (RMST = 1). The RWL[1:0] bits are cleared
during hardware reset and software reset.

6.3.2.6 RCS Receiver Data Shift Direction (RDIR)—Bit 6

The read/write Receiver data shift Direction (RDIR) control bit selects the shift
direction of the received data. When RDIR is cleared, receive data is shifted in most
significant bit first. When RDIR is set, the data is shifted in least significant bit first
(see Figure 6-5). The RDIR bit is cleared during hardware reset and software reset.

1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16

SCKR | || || | || | || || | || | || || | || | || || | ||

MSB LSB

RDIR=0

LSB MSB

RDIR =1

AA0431

Figure 6-5 Receiver Data Shift Direction (RDIR) Programming

6.3.2.7 RCS Receiver Left Right Selection (RLRS)—Bit 7

The read/write Receiver Left Right Selection (RLRS) control bit selects the polarity of
the Receiver Word Select (WSR) signal that identifies the Left or Right word in the
input bit stream. When RLRS is cleared, WSR low identifies the Left data word and
WSR high identifies the Right data word. When RLRS is set, WSR high identifies the
Left data word and WSR low identifies the Right data word (see Figure 6-6). The
RLRS bit is cleared during hardware reset and software reset.

RLRS =0
WSR Left Right
WSR Left Right
RLRS =1 —

AA0432

Figure 6-6 Receiver Left/Right Selection (RLRS) Programming
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6.3.2.8 RCS Receiver Clock Polarity (RCKP)—Bit 8

The read/write Receiver Clock Polarity (RCKP) control bit selects the polarity of the
receiver serial clock. When RCKRP is cleared, the receiver clock polarity is negative.
When RCKP is set, the receiver clock polarity is positive. Negative polarity means
that the Word Select Receive (WSR) and Serial Data In (SDIXx) lines change
synchronously with the negative edge of the clock, and are considered valid during
positive transitions of the clock. Positive polarity means that the WSR and SDIx lines
change synchronously with the positive edge of the clock, and are considered valid
during negative transitions of the clock (see Figure 6-7). The RCKP bit is cleared
during hardware reset and software reset.

AA0433

Figure 6-7 Receiver Clock Polarity (RCKP) Programming

6.3.2.9 RCS Receiver Relative Timing (RREL)—Bit 9

The read/write Receiver Relative timing (RREL) control bit selects the relative timing
of the Word Select Receive (WSR) signal as referred to the serial data input lines
(SDIx). When RREL is cleared, the transition of WSR, indicating start of a data word,
occurs together with the first bit of that data word. When RREL is set, the transition
of WSR occurs one serial clock czycle earlier (together with the last bit of the previous
data word), as required by the 1S format (see Figure 6-8). The RREL bit is cleared
during hardware reset and software reset.
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RREL =0 | |
WSR —| Left Right
'mMsB LSB| MSB LSB | MSB
| | |
SDI
! | |
RREL = 1 ! !
WSR —I Left Right |
|
LSB MSB LSB MSB Ls:B MSB
SDI
! ! AA0434
Figure 6-8 Receiver Relative Timing (RREL) Programming
6.3.2.10 RCS Receiver Data Word Truncation (RDWT)—Bit 10

The read/write Receiver Data Word Truncation (RDWT) control bit selects which
24-bit portion of a received 32-bit word will be transferred from the shift register to
the data register. When RDWT is cleared, the first 24 bits received are transferred to
the data register. When RDWT is set, the last 24 bits received are transferred to the
data register. The RDWT bit is ignored if RWL[1:0] are set for a word length other
than 32 bits (see Figure 6-9 on page 6-14).The RDWT bit is cleared during hardware
reset and software reset.

| | |
12 4 6 8 10121416182022242628303212 4 6 8 10121416 1820 22 24 26 28 3032

so |

WSR Left Right

RDWT =0
SDI

RDWT =1
SDI

AA0435k
Figure 6-9 Receiver Data Word Truncation (RDWT) Programming
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6.3.2.11 RCS Receiver Interrupt Enable (RXIE)—Bit 11

When the read/write Receiver Interrupt Enable (RXIE) control bit is set, receiver
interrupts for both left and right data words are enabled, and the DSP is interrupted
if either the RLDF or RRDF status bit is set. When RXIE is cleared, receiver interrupts
are disabled, however, RLDF and RRDF bits still indicate the receive data register full
conditions and can be polled for status. Note that clearing RXIE will mask a pending
receiver interrupt only after a one-instruction-cycle delay. If RXIE is cleared in a long
interrupt service routine, it is recommended that at least one other instruction should
be inserted between the instruction that clears RXIE and the RTI instruction at the
end of the interrupt service routine.

There are three different receive data interrupts that have separate interrupt vectors:

1. Left Channel Receive interrupt is generated when RXIE =1, RLDF = 1, and

RRDF = 0.
2. Right Channel Receive interrupt is generated when RXIE = 1, RLDF =0, and
RRDF = 1.

3. Receive interrupt with exception (overrun) is generated when RXIE =1,
RLDF =1, and RRDF = 1. This means that the previous data in the receive data
register was lost and an overrun occurred.

To clear RLDF or RRDF during Left or Right channel interrupt service, the receive
data registers of the enabled receivers must be read. Clearing RLDF or RRDF will
clear the respective interrupt request. If the “Receive interrupt with exception”
indication is signaled (RLDF = RRDF = 1) then RLDF and RRDF are both cleared by
reading the RCS register, followed by reading the receive data register of the enabled
receivers.

Note: Receivers 0 and 1 share the same controller. This means that the enabled
receivers will be operating in parallel and any interrupt signaled will indicate
a condition on all enabled receive data registers. The RXIE bit is cleared
during hardware reset and software reset.

6.3.2.12 RCS Receiver Interrupt Location (RXIL)—Bit 12

The read/write Receiver Interrupt Location (RXIL) control bit determines the
location of the receiver interrupt vectors. When RXIL =0, the Left Channel Receiver,
the Right Channel Receiver and the Receiver Exception interrupt vectors are located
in Program addresses $16, $18, and $1A, respectively. When RXIL = 1, the Left
Channel Receiver, the Right Channel Receiver and the Receiver Exception interrupt
vectors are located in program addresses $46, $48, and $4A, respectively. The RXIL
bit is cleared during hardware reset and software reset. Refer to Table 6-1

on page 6-9.
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6.3.2.13 RCS Receiver Left Data Full (RLDF)—Bit 14

Receiver Left Data Full (RLDF) is a read-only status bit that, together with RRDF (see
below), indicates the status of the enabled receive data registers. RLDF is set when
the left data word (as indicated by WSR pin and the RLRS bit in the RCS) is
transferred to the receive data registers after it was shifted in via the shift register of
the enabled receiver. Since audio data samples are composed of left and right data
words that are read alternately, normal operation of the receivers occurs when either
RLDF or RRDF is set, in a corresponding alternating sequence. A receive overrun
condition is indicated when both RLDF and RRDF are set. RLDF is cleared when the
DSP reads the receive data register of the enabled receiver, provided that

(RLDF 0 RRDF = 1). In case of a receive overrun condition, (RLDF « RRDF = 1),
RLDF is cleared by first reading the RCS, followed by reading the receive data
register of the enabled receivers. RLDF is also cleared by hardware and software
reset, when the DSP is in the Stop state, and when all receivers are disabled (ROEN
and R1EN cleared). If RXIE is set, an interrupt request will be issued when RLDF is
set. The vector of the interrupt request will depend on the state of the receive overrun
condition. The RLDF bit is cleared during hardware reset and software reset.

6.3.2.14 RCS Receiver Right Data Full (RRDF)—Bit 15

Receiver Right Data Full (RRDF) is a read-only status bit which, in conjunction with
RLDF, indicates the status of the enabled receive data register. RRDF is set when the
right data word (as indicated by the WSR pin and the RLRS bit in RCS) is transferred
to the receive data registers after being shifted in via the shift register of the enabled
receiver. Since audio data samples are composed of left and right data words that are
read alternately, normal operation of the receivers occurs when either RLDF or RRDF
is set, in a corresponding alternating sequence. A receive overrun condition is
indicated when both RLDF and RRDF are set. RRDF is cleared when the DSP reads
the receive data register of the enabled receiver, provided that (RLDF 0 RRDF = 1).
In case of a receive overrun condition, (RLDF « RRDF = 1), RRDF is cleared by first
reading the RCS, followed by reading the receive data register of the enabled
receiver. RRDF is also cleared by hardware reset and software reset, when the DSP is
in the Stop state, and when all receivers are disabled (ROEN and R1EN cleared). If
RXIE is set, an interrupt request will be issued when RRDF is set. The vector of the
interrupt request will depend on the state of the receive overrun condition. The
RRDF bit is cleared during hardware reset and software reset.
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6.3.3 SAl Receive Data Registers (RX0 and RX1)

The Receive data registers (RX0 and RX1) are 24-bit read-only registers that accept
data from the receive shift registers when all bits of the incoming data words have
been received. The receive data registers alternately contain left-channel and
right-channel data. The first data to appear in the data registers, after enabling
operation of the respective receivers, will be the data for the left channel.

6.3.4 Transmitter Control/Status Register (TCS)

The TCS is a 16-bit read/write control/status register used to direct the operation of
the transmit section in the SAI. The TCS register is shown in Figure 6-4 on page 6-8.
The control bits in the TCS determine the serial format of the data transfers. The
status bits of the TCS are used by the DSP programmer to interrogate the status of the
transmitter section. Separate transmit enable and interrupt enable bits are also
provided in the TCS. When read by the DSP, the TCS appears on the two low-order
bytes of the 24-bit word, and the high-order byte is read as 0s. Hardware reset and
software reset clear all the bits in TCS. When the TOEN, T1EN, and T2EN bits are
cleared, the SAI transmitter section is disabled and it enters the individual reset state
after a one instruction cycle delay. While in the Stop or individual reset state, the
status bits in TCS are cleared. Stop or individual reset do not affect the TCS control
bits. The programmer should change TCS control bits (except for TXIE) only while
the transmitter section is in the individual reset state, otherwise improper operation
may result. The TCS bits are described in the following paragraphs.

6.3.4.1 TCS Transmitter 0 Enable (TOEN)—BIt O

The read/write control bit TOEN enables the operation of the SAI Transmitter 0.
When TOEN is set, Transmitter 0 is enabled. When TOEN is cleared, Transmitter 0 is
disabled and the SDOO line is set to high level. If TOEN, T1EN, and T2EN are cleared,
the SAI transmitter section is disabled and enters the individual reset state. The TOEN
bit is cleared during hardware reset and software reset.

6.3.4.2 TCS Transmitter 1 Enable (T1IEN)—BIt 1

The read/write control bit TLEN enables the operation of the SAI Transmitter 1.
When T1EN is set, Transmitter 1 is enabled. When T1EN is cleared, Transmitter 1 is
disabled and the SDO1 line is set to high level. If TOEN, T1EN and T2EN are cleared,
the SAI transmitter section is disabled and enters the individual reset state. The TIEN
bit is cleared during hardware reset and software reset.
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6.3.4.3 TCS Transmitter 2 Enable (T2EN)—Bit 2

The read/write control bit T2EN enables the operation of the SAI Transmitter 2.
When T2EN is set, Transmitter 2 is enabled. When T2EN is cleared, Transmitter 2 is
disabled and the SDO2 line is set to high level. If TOEN, T1EN, and T2EN are cleared,
the SAI transmitter section is disabled and enters the individual reset state. The T2EN
bit is cleared during hardware reset and software reset.

6.3.4.4 TCS Transmitter Master (TMST)—Bit 3

The read/write control bit Transmitter Master (TMST) determines whether the
transmitter section operates in the Master or Slave mode. When TMST is set, the SAI
transmit section is configured as master. In the Master mode the transmitter drives
the SCKT and WST pins. When TMST is cleared, the SAI transmitter section is
configured as a slave. In the Slave mode, the SCKT and WST pins are driven from an
external source. The TMST bit is cleared during hardware reset and software reset.

6.3.4.5 TCS Transmitter Word Length Control (TWL[1:0])—Bits 4 & 5
The read/write control bits Transmitter Word Length (TWL[1:0]) are used to select
the length of the data words transmitted by the SAI. The data word length is defined
by the number of serial clock cycles between two edges of the word select signal.
Word lengths of 16, 24, or 32 bits may be selected as shown in Table 6-4.

Table 6-4 Transmitter Word Length

TWL1 TWLO Number of Bits per Word
0 0 16
0 1 24
1 0 32
1 1 Reserved

If the 16-bit word length is selected, the 16 MSBs of the transmit data registers will be
transmitted according to the data shift direction selected (see TDIR bit, below). If
32-bit word length is selected, the 24-bit data word from the transmit data register is
expanded to 32 bits according to the TDWE control bit (see TDWE, below). TWL[1:0]
are also used to generate the word select indication when the transmitter is
configured as master (TMST = 1). The TWL[1:0] bits are cleared during hardware
reset and software reset.

6.3.4.6 TCS Transmitter Data Shift Direction (TDIR)—Bit 6

The read/write Transmitter data shift Direction (TDIR) control bit selects the shift
direction of the transmitted data. When TDIR is cleared, transmit data is shifted out
MSB first. When TDIR is set, the data is shifted out LSB first (see Figure 6-10). The
TDIR bit is cleared during hardware reset and software reset.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SCKT| | || | || | || | || | || | || | || | || | || | || |

MSB LSB
LSB MSB
TDIR=1
AA0436k

Figure 6-10 Transmitter Data Shift Direction (TDIR) Programming

6.3.4.7 TCS Transmitter Left Right Selection (TLRS)—Bit 7

The read/write Transmitter Left Right Selection (TLRS) control bit switches the
polarity of the Word Select Transmit (WST) signal that identifies the left or right
word in the output bit stream. When TLRS is cleared, WST low identifies the left data
word and WST high identifies the right data word. When TLRS is set, WST high
identifies the left data word and WST low identifies the right data word (see

Figure 6-11). The TLRS bit is cleared during hardware reset and software reset.

TLRS=0 oo et Right

TLRs = 1 WST Left Right

AA0437k

Figure 6-11 Transmitter Left/Right Selection (TLRS) Programming

6.3.4.8 TCS Transmitter Clock Polarity (TCKP)—Bit 8

The read/write Transmitter Clock Polarity (TCKP) control bit switches the polarity
of the transmitter serial clock. When TCKP is cleared, the transmitter clock polarity is
negative. Negative polarity means that the Word Select Transmit (WST) and Serial
Data Out (SDOX) lines change synchronously with the negative edge of the clock,
and are considered valid during positive transitions of the clock. When TCKP is set,
the transmitter clock polarity is positive. Positive polarity means that the WST and
SDOx lines change synchronously with the positive edge of the clock, and are
considered valid during negative transitions of the clock (see Figure 6-12). The TCKP
bit is cleared during hardware reset and software reset.
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A
WST —|

AA0438k

Figure 6-12 Transmitter Clock Polarity (TCKP) Programming

6.3.4.9 TCS Transmitter Relative Timing (TREL)—Bit 9

The read/write Transmitter Relative timing (TREL) control bit selects the relative
timing of the WST signal as referred to the serial data output lines (SDOx). When
TREL is cleared, the transition of WST, indicating the start of a data word, occurs
together with the first bit of that data word. When TREL is set, the transition of WST
occurs one serial clock cycle earlier (together with the last bit of the previous data
word), as required by the 1°S format (see Figure 6-13).The TREL bit is cleared during
hardware reset and software reset.

TREL =01 I I

WST —| Left Right

|MSB LSB| MSB LSB | MSB

| | |
SDO

| | |
TREL = 1! | |
WST —| Left Right |

| | |

LSB MSB LSB MSB LSB MSB

| |
SDO

I I
AA0439

Figure 6-13 Transmitter Relative Timing (TREL) Programming

6.3.4.10 TCS Transmitter Data Word Expansion (TDWE)—-Bit 10

The read/write Transmitter Data Word Expansion (TDWE) control bit selects the
method used to expand a 24-bit data word to 32 bits during transmission. When
TDWE is cleared, after transmitting the 24-bit data word from the transmit data
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register, the last bit is transmitted eight times. When TDWE is set, the first bit is
transmitted 8 times and then the 24-bit data word from the transmit data register is
transmitted. The TDWE bit is ignored if TWL[1:0] are set for a word length other than
32 bits (see Figure 6-14). The TDWE bit is cleared during hardware reset and
software reset.

| | |
12 4 6 8 10121416182022242628303212 4 6 8 10121416 18 20 22 24 26 28 3032
SCKT {

WST Left Right

TDWE =0
SDI

TDWE =1
SDO

AA0440k
Figure 6-14 Transmitter Data Word Expansion (TDWE) Programming

6.3.4.11 TCS Transmitter Interrupt Enable (TXIE)—Bit 11

When the read/write Transmitter Interrupt Enable (TXIE) control bit is set,
transmitter interrupts for both left and right data words are enabled, and the DSP is
interrupted if either the TLDE or TRDE status bit is set. When TXIE is cleared,
transmitter interrupts are disabled. However, the TLDE and TRDE bits still signal the
transmit data register empty conditions. Clearing TXIE will mask a pending
transmitter interrupt only after a one-instruction-cycle delay. If TXIE is cleared in a
long interrupt service routine, it is recommended that at least one other instruction
should be inserted between the instruction that clears TXIE and the RTI instruction at
the end of the interrupt service routine.

There are three different transmit data interrupts that have separate interrupt
vectors:

1. Left Channel Transmit interrupt is generated when TXIE = 1, TLDE =1, and
TRDE = 0. The transmit data registers should be loaded with the left data
words.

2. Right Channel Transmit interrupt is generated when TXIE =1, TLDE =0, and
TRDE = 1. The transmit data registers should be loaded with the right data
words.

3. Transmit interrupt with exception (underrun) is generated when TXIE = 1,
TLDE =1, and TRDE = 1. This means that old data is being retransmitted.
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To clear TLDE or TRDE during left or right channel interrupt service, the transmit
data registers of the enabled transmitters must be written. Clearing TLDE or TRDE
will clear the respective interrupt request. If the “Transmit interrupt with exception”
indication is signaled (TLDE = TRDE = 1) then TLDE and TRDE are both cleared by
reading the TCS register, followed by writing to the transmit data register of the
enabled transmitters.

Note: Transmitters 0, 1, and 2 share the same controller. This means that the enabled
transmitters will be operating in parallel and any interrupt that is signaled will
indicate a condition on all enabled transmit data registers. The TXIE bit is
cleared during hardware reset and software reset.

6.3.4.12 TCS Transmitter Interrupt Location (TXIL)—Bit 12

The read/write Transmitter Interrupt Location (TXIL) control bit selects the location
of the transmitter interrupt vectors. When TXIL =0, the Left Channel Transmitter, the
Right Channel Transmitter, and the Transmitter Exception interrupt vectors are
located in program addresses $10, $12, and $14, respectively. When TXIL =1, the Left
Channel Transmitter, the Right Channel Transmitter, and the Transmitter Exception
interrupt vectors are located in program addresses $40, $42, and $44, respectively.
The TXIL bit is cleared during hardware reset and software reset. Refer to Table 6-1
on page 6-9.

6.3.4.13 TCS Reserved Bit—DBit 13
Bit 13 in TCS is reserved and unused. It is read as 0s and should be written with 0 for
future compatibility.

6.3.4.14 TCS Transmitter Left Data Empty (TLDE)—Bit 14

Transmitter Left Data Empty (TLDE) is a read-only status bit that, in conjunction
with TRDE, indicates the status of the enabled transmit data registers. TLDE is set
when the right data words (as indicated by the TLRS bit in TCS) are simultaneously
transferred from the transmit data registers to the transmit shift registers in the
enabled transmitters. This means that the transmit data registers are now free to be
loaded with the left data words. Since audio data samples are composed of left and
right data words that are transmitted alternately, normal operation of the
transmitters is achieved when only one of the status bits (TLDE or TRDE) is set at a
time. A transmit underrun condition is indicated when both TLDE and TRDE are set.
TLDE is cleared when the DSP writes to the transmit data registers of the enabled
transmitters, provided that (TLDE [0 TRDE = 1). When a transmit underrun
condition occurs, (TLDE « TRDE = 1), the previous data (which is still present in the
data registers) will be re-transmitted. In this case, TLDE is cleared by first reading the
TCS register, followed by writing the transmit data registers of the enabled
transmitters. If TXIE is set, an interrupt request will be issued when TLDE is set. The
vector of the interrupt request will depend on the state of the transmit underrun
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condition. TLDE is cleared by hardware reset and software reset, when the DSP is in
the Stop state, and when all transmitters are disabled (T2EN, T1EN, and TOEN
cleared).

6.3.4.15 TCS Transmitter Right Data Empty (TRDE)—BIt 15

Transmitter Right Data Empty (TRDE) is a read-only status bit that, in conjunction
with TLDE, indicates the status of the enabled transmit data registers. TRDE is set
when the left data words (as indicated by the TLRS bit in TCS) are simultaneously
transferred from the transmit data registers to the transmit shift registers in the
enabled transmitters. This indicates that the transmit data registers are now free to be
loaded with the right data words. Since audio data samples are composed of left and
right data words that are transmitted alternately, normal operation of the
transmitters is achieved when only one of the status bits (TLDE or TRDE) is set at a
time. A transmit underrun condition is indicated when both TLDE and TRDE are set.
TRDE is cleared when the DSP writes to the transmit data register of the enabled
transmitters, provided that (TLDE [0 TRDE = 1). When a transmit underrun
condition occurs, (TLDE e+ TRDE = 1), the previous data (which is still present in
the data registers) will be re-transmitted. In this case, TRDE is cleared by first reading
the TCS register, followed by writing the transmit data registers of the enabled
transmitters. If TXIE is set, an interrupt request will be issued when TRDE is set. The
vector of the interrupt request will depend on the state of the transmit underrun
condition. The TRDE is cleared by hardware and software reset, when the DSP is in
the Stop state, and when all transmitters are disabled (T2EN, T1EN and TOEN
cleared).

6.3.5 SAIl Transmit Data Registers (TX2, TX1 and TXO0)

The three Transmit data registers (TX2, TX1, and TXO0) are each 24 bits wide. Data to
be transmitted is written to these registers and is automatically transferred to the
associated shift register after the last bit is shifted out. The transmit data registers
should be written with left channel and right channel data alternately. The first word
to be transmitted, after enabling the operation of the respective transmitter, will be
the left channel word.
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6.4 PROGRAMMING CONSIDERATIONS

This section discusses some important considerations for programming the SAL.

6.4.1 SAIl Operation During Stop

The SAI operation cannot continue when the DSP is in the Stop state, since no DSP
clocks are active. Incoming serial data will be ignored. While the DSP is in the Stop
state, the SAI sections will remain in the individual reset state and the status bits in
the RCS and TCS registers will be cleared. No control bits in the RCS and TCS
registers are affected. It is recommended that the SAI be disabled before entering the
Stop state.

6.4.2 Initiating a Transmit Session

The recommended method of initializing a transmit session is to first write valid data
to the transmit data registers and then enable the transmit operation. This will ensure
that known data will be transmitted as soon as the transmitters are enabled (if
operating in the Master mode), or as soon as the word select event for the Left word
is detected on the WST pin (if operating in the Slave mode). Note that even though
the TRDE and TLDE status flags are always cleared while the transmitter section is in
the individual reset state, the transmit data registers may be written in this state. The
data will remain in the transmit data registers while the transmitter section is in the
individual reset state, and will be transferred to the transmit shift registers only after
the respective transmitters are enabled and when the Left word transmission slot
occurs (immediately for Master mode, or according to WST for Slave mode).

6.4.3 Using a Single Interrupt to Service Both Receiver and
Transmitter Sections

It is possible to use a single interrupt routine to service both the receiver and
transmitter sections if both sections are fully synchronized. To ensure full
synchronization, both sections must operate with the same protocol and the same
clock source. Only the receive interrupts (RXIE = 1) should be enabled for proper
operation in this configuration. When the condition arises for the receive interrupt to
occur, the same interrupt service routine may be used to read data from the receiver
section and to write data to the transmitter section.
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When operating in the Master mode, the following initialization procedure is
recommended:

1. Write the Left data words to the transmit data registers.

2. Enable the operation of the SAI receivers while ensuring that RXIE = 1 (RCS
register).

3. Enable the operation of the SAI transmitters while ensuring that TXIE =0 (TCS
register). Enabling the transmitters will transfer the Left data words from the
transmit data registers to the shift registers.

4. Poll the TRDE status bit in the TCS register to detect when it is possible to load
the Right data words into the transmit data registers. Write the Right data
words to the transmit data registers when TRDE is set.

5. From now on, the receive interrupts should be used to service both the
transmitters and receivers. When the Left channel receive interrupt is
generated, the interrupt service routine should write the Left data words to
the transmitters and read the received Left data words from the receivers
(repeat this methodology for the Right channel receivers/transmitters).

6.4.4 SAl State Machine

When the SAI operates in the Slave mode and the bit clock and word select inputs
change unexpectedly, irregular or unexpected operation might result. In particular,
this can happen when SCKR (SCKT) runs freely and WSR/WST transitions occur
earlier or later than expected (in terms of complete bit clock cycles). In order to
explore the SAI reaction in such irregular conditions, the operation of the SAI state
machine is described here. After completion of a data word transfer (or upon exiting
the individual reset state) the SAI searches for the particular WSR/WST transition
with regard to the Left/Right orientation of the next expected word. For example,
after completion of a Right data word transfer or upon exiting the individual reset
state, the SAI searches for a WSR/WST transition, which determines the start of a
Left data word transfer. Similarly, after completion of a Left data word transfer, the
SAl searches for a WSR/WST transition, which determines the start of a Right data
word transfer. As soon as the correct transition is detected the SAI begins to shift the
data in (receive) or out (transmit) one shift per bit-clock cycle. A data word transfer is
complete when the number of the incoming bit clocks in SCKR (SCKT) since the
detection of the correct WSR/WST transition reaches the value of the
pre-programmed data word length. During a data word transfer (i.e., before
completion), all transitions in WSR/WST are ignored. After completion of a data
word transfer the SAI stops shifting data in and out until the next correct WSR/WST
transition is detected.
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Programming Considerations

As a result, when the WSR/WST transition appears earlier than expected, the
transition is ignored and the next pair of data words (right and left) is lost. Likewise,
when the WSR/WST transition appears later than expected, in the time period
between the completion of the previous word and the appearance of the late
WSR/WST transition, the data bits being received are ignored and no data is
transmitted.

These characteristics can be used to disable reception or transmission of undesired

data words by keeping SCKR (SCKT) running freely and gating WSR/WST for a
certain number of bit-clock cycles.

£S5
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General Purpose Input/Output

Introduction

7.1 INTRODUCTION

The General Purpose Input/Output (GPIO) pins are used for control and handshake
functions between the DSP and external circuitry. The GPIO port has four 1/0
signals (GPIO0-GPI103) that are controlled through a memory-mapped register. Each
GPIO signal may be individually programmed as an output or as an input.

7.2  GPIO PROGRAMMING MODEL

The GPIO pins are controlled through the GPIO control/data Register (GPIOR),
which is illustrated in Figure 7-1. The register is described in the following
paragraphs.

7 6 5 4 3 2 1

0
| | | | [GD3 [ Gb2 | b1 [ Gpo | CPIOR
X:$FFF7

15 14 13 12 11 10 9 8
| | | | [GDD3] GDD2[GDD1[GDDO|

23 22 21 20 19 18 17 16
| | | | |GCS|GC2|GC1|GCO|
] reserved Bit AA0441

Figure 7-1 GPIO Control/Data Register

7.3  GPIO REGISTER (GPIOR)

The GPIO Register (GPIOR) is a 24-bit read/write control/data register used to
operate and configure the GPIO pins. The control bits in the GPIOR select the
direction of data transfer for each pin, whereas the data bits in the GPIOR are used to
read from or write to the GPIO pins. Hardware reset and software reset clear all the
bits in GPIOR. The GPIOR bits are described in the following paragraphs.

MOTOROLA DSP56004 User’s Manual 7-3



General Purpose Input/Output
GPIO Register (GPIOR)

7.3.1  GPIOR Data Bits (GD[3:0])—Bits 3-0

The read/write GPIO Data bits (GDJ[3:0]) are used to read from or write to the
corresponding GPIO[3:0] pins. If the GPIOXx pin is defined as an input, the GDx bit
will reflect the logic value present on the GPIOXx pin. If the GP1OXx pin is defined as an
output, the GPIOx pin will reflect the value written to the GDx bit. The GD[3:0] bits
are cleared during hardware reset and software reset.

7.3.2 GPIOR Reserved Bits—Bits 4-7, 12-15, and 20-23

These bits are reserved and unused. They read as 0s and should be written with 0s
for future compatibility.

7.3.3 GPIOR Data Direction Bits (GDD[3:0])—Bits 11-8

The read/write GPIO Data Direction bits (GDD[3:0]) select the direction of data
transfer for each of the GPI1O[3:0] pins (see Table 7-1). When the GDDx bit is cleared,
the corresponding GPIOXx pin is defined as an input. When the GDDx bit is set, the
corresponding GPIOXx pin is defined as an output. The GDD[3:0] bits are cleared
during hardware reset and software reset.

Table 7-1 GPIO Pin Configuration

GDDx GCx GPIO Pin Definition
0 0 Disconnected
0 1 Input
1 0 Standard active high/active low output
1 1 Open-drain output

7.3.4 GPIOR Control Bits (GC[3:0])—Bits 19-16

The read/write GPIO Control bits (GCJ[3:0]) select the type of output buffer for each
of the GP10[3:0] pins when the pins are defined as outputs, and select whether or not
the input buffer is connected to the pin when the pin is defined as an input.
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= When the GCx bit is cleared and the GDDx bit is cleared (the pin is defined as
an input), the corresponding GP1Ox pin input buffer is disconnected from the
pin and does not require an external pull-up (see Table 7-1 and Figure 7-2).

< When the GCx bit is set and the GDDx bit is cleared (the pin is defined as
input), the corresponding GPIOx pin input buffer is connected to the pin (see
Table 7-1 and Figure 7-2).

< When the GCx bit is cleared and the GDDx bit is set (the pin is defined as
output), the corresponding GPIOx pin output buffer is defined as a standard
active high/active low type (see Table 7-1 and Figure 7-2).

= When the GCx bit is set and the GDDx bit is set (the pin is defined as output),
the corresponding GPIOx pin output buffer is defined as an open-drain type
(see Table 7-1 and Figure 7-2).

The GC[3:0] bits are cleared during hardware reset and software reset.
GDD

/_/EGDD

~ Buffer
GDO-GD3 Control*

GDD

. : . .
See Table 7-1 GPIO Pin Configuration. AA0442K

Figure 7-2 GPIO Circuit Diagram
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BOOTSTRAP ROM AND DATA ROM
CONTENTS

g
: 010010
1 _a n__ [1010103070110110
0
10101010010111
0 07001030010147l0/001010010111
; 1019010101101
1000101010100100
0| /101010102001(910010101011101
010100101001411
! 1000101010190700
—(01000101010111
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BOOTSTRAP ROM AND DATA ROM CONTENTS

A.1 DSP56004 BOOTSTRAP PROGRAM

; BOOTSTRAP OCDE FOR DSP56004 - (C) Copyright 1991 Mtorol a Inc.
; Revised January 21, 1992.

; Bootstrap through the SH and EM.

; Assunes 32 words of bootstrap ROMin the address range P: $0-P:. $1F pl us
; 32 words of bootstrap ROMin the address range P: $100- P: $11F.

; Al bootstrap nodes will clear (wite a $000000 word) the internal
7 X Y and P RAM.

bcr equ $fffe ; BCR Regi ster
ogdbr equ $fffc ; OnCE (DB Regi ster
gpi or equ $Fff7 ; GPIO Control /Data Regi ster
gdd3 equ 11 ; direction bit for GPI B
gd3 equ 3 ; data bit for GPI B
ecsr equ $ffeb ; EM Control/Status Regi ster
edrrO equ $ffea ; EM Data Read Register
ebar 0 equ $f f e8 ; EM Base Address Register O
eor 0 equ $f fe9 ; EM Ofset Register
edrf equ 13 ; EM EDRR Full flag
hr ne equ 17 ; SH FIFO Not Enmpty fl ag

hr x equ $Fff3 ; SH HRX FI FO

hcsr equ $Fffl ; SH Control/Status Regi ster
hi 2c equ 1 ; SH 11C Enable Control Bit
na equ 0 ; OVR Mode A

nb equ 1 ; CVR Mbde B

nc equ 4 ; OVR Mode C

org pl:$0,pl:$0 ; bootstrap code starts at $0

start clr a #<0,r0

novep a, x: ber ; clear BCR register

rep #256 : clear X and Y Data RAMs

nove a,l:(r0)+
move #<0,r0

rep #512 ; clear Program RAM
nove a, p: (r0)+
j set #nt, onr, shild ;| f MC MB: MA=1xx, go load from SH

; This is the routine that |oads fromexternal EPROM

; If M2 MB:MA=001, the internal PRAMis |oaded with 1,536 consecutive

; bytes froman EPROM connected to the EM. The EPROMis located at the EM

; address $0, when operating the EM in the Absol ute Addressi ng SRAM node

; (EAMR- EAMD=000). It is assumed that the EPROMis sel ected (enabl ed) through

; the GPIGB pin, which is driven low by this bootstrap node. The GPl (8 out put

; is programmed to be of the active high/active |owtype. The bytes will be

; condensed into 512 24-bit words and stored in contiguous PRAM rmenory | ocati ons
; starting at P:$0. Note that the routine |oads data starting with the | east

; significant byte of P:$0. The OnCE i s enabl ed by the EM boot strap.

epront d novep a, x: ogdbr ; enabl e the OnCE
nove #<0,r0 ; start |oading code at P:$0
novep a, x: ebar0 ; EPROM starting address
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novep #$FQD085, x: ecsr ; EM control
; EBWE1, BEW.1- EW.0=10, EAM2- EAMD=000, El NR=1, El NW&0, El S1- El S0=00,
; ERTS=0, ETDMF1, ESTMB-ESTMD=1111, EME=1
bset #gdd3, x: gpior ; enabl e EPROM ( GPl CB=0)
; @GD3- Gb0=0000, GDD3- GbD0=1000, GC3- G20=0000
do #512, | oopl
novep a, x: eor0 ; trigger read
jclr #edrf,x:ecsr,* ; wait for EDRR full
novep x:edrr0,p: (r0)+ ; store in Program RAM
_loopl
bset #gd3, x: gpi or ; di sabl e EPROM ( &GPl (B8=1)
; @3- Gb0=1000, GDD3- GDD0=1000, GC3- G20=0000
; Exit bootstrap ROM

exit andi #$ec, ont ; set operating node to O (and trigger an exit from
; boot strap node).
nop ; Delay needed for p. Mde change
jmp <$0 ; Then go to | oaded program

; This is the routine that |oads fromthe Serial Host Interface.

; MCMB: MA=101 - Bootstrap fromSH (SPl)

; MC MB: MA=111 - Bootstrap fromSH (110

; If MCMB.MA=1x1, the internal PRAMis |oaded with 512 words recei ved

; through the Serial Host Interface (SH). The SH operates in the slave
; mode, with the 10-word FIFO enabl ed, and with the HREQ pi n enabl ed for
; receive operation. The word size for transfer is 24 bits. The SH

; operates in the SPI or in the I1C node, according to the bootstrap

; mode. The ONCE is enabl ed by the bootstrap code.

shild jclr #ma, ont, ma_0
shild_ 1 novep a, x: ogdbr ; enabl e the OnCE
nove #$0002A9, x1 ; SH control word (SPI)

; HENF1, H 2C=0, HMVL- HWD=10, HFI FO=1, HVBT=0,

; HRCE1- HRCEO=01, H DLE=1, HBI E=0, HTI E=0, HR El- HR EO=00
nove #<0,r0 ; start loading code at P:$0
jmp <$100
org pl:$100, pl: $100 ; Start of second 32-word group
jclr #nb,onr,shi _loop ; If MZ MB MA=101, then SPI
bset #hi 2c, x1 ; 11C (H2C=1)

shi _loop nmovep x1, x: hcsr ; enable SH
do #512, | oop2
jclr #hrne, x:hesr,* ; wait for HRX not enpty
novep X:hrx, p:(r0)+ ; store in Program RAM

_loop2
jnp <exit ; Finish
nma_0 jnp <shild_1 ; make MC MB: MA=1x0 equal to MC MB: MA=1x1
; This code fills the unused bootstrap romlocations with their address
dup $120-*
dc *
endm
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A.2 DSP56004ROM BOOTSTRAP PROGRAM

BOOTSTRAP OCDE FOR DSP56004ROM - (C) Copyright 1994 Motorol a Inc.

Revi sed April 21, 1994.

Bootstrap through EM, SH-SPI and SH -1 2C

;7 Assunmes 32 words of bootstrap ROMin the address range P: $0-P: $1F

comment !
!
ber equ $fffe ; BCR Regi ster
ogdbr equ $fffc ; ; OnCE (DB Regi ster
gpi or equ $Fff7 ; GPIO Control /Data Regi ster
gdd3 equ 11 ; direction bit for GPI B
gd3 equ 3 ; data bit for GPICB
ecsr equ $ffeb ; EM Control/Status Register
edrrO equ $ffea ; EM Data Read Register
ebar 0 equ $ffe8 ; EM Base Address Register 0O
eor0 equ $ffe9 ; EM O fset Register
edrf equ 13 ; EM EDRR Full flag
hr ne equ 17 ; SH FIFO Not Enpty flag
hr x equ $Fff3 ; SH HRX FIFO
hcsr equ $fffl ; SH Control/Status Register
hi 2c equ 1 ; SH 11C Enable Control Bit
na equ 0 7 OVR Mode A
nb equ 1 ; OVR Mode B
nc equ 4 ; OVR Mode C
org p: $0 ; bootstrap code starts at $0
start clr a #<0,1r0 ; 10 points to internal PRAM
bset #10, a0 ; PROM starting address ($0400)
jclr #ma, onT, exi t ;i f MCMB: MA=xx0 goto PRCM
downl d
clr a #$A9,r1l ; clear a0 - PRAM starting address,

; prepare SH control value inrl
HEN=1, H 2C=0, HMVL- HWD=10, HFI FO=1, HVBT=0,
HRCQEL- HRQEO=01, H DLE=0, HBI E=0, HII E=0, HR El- HR E0=00

movep al, x:ebarO ; EPROM starting address
j set #nt, ont, shild ; If MG MB: MA=1x1 |l oad from SH

This is the routine that | oads fromexternal EPROM

If MC MB: MA=001, the internal PRAMis | oaded with 768 consecutive

bytes froman EPROM connected to the EM. The EPROMis located at the EM
address $0, when operating the EM in the Absol ute Addressi ng SRAM node

( EAMB- EAMD=0000). It is assumed that the EPROMis sel ected (enabl ed) through
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; the GPI @B pin, which is driven Iow by this bootstrap node. The GPI (8 out put

; is programmed to be of the active high/active |owtype. The bytes will be

; condensed into 256 24-bit words and stored in contiguous PRAM nenory | ocations
; starting at P:$0. Note that the routine |oads data starting with the |east

; significant byte of P:$0.

epron d

novep  #$FQD085, x: ecsr ; EM control
; EBW1, BW.1- BW0=10, EAMWR- EAMD=000, El NR=1, El NW-0, El Si1- El S0=00,
; ERTS=0, ETDWF1, ESTMB-ESTMD=1111, EME=1

bset #gdd3, x: gpi or ; enabl e EPROM ( GPl (8=0)
; (@8- @0=0000, @D3- @D0=1000, GC3- G0=0000

do #256, _| oopl

nmovep al, x:eor0 ; trigger read

jclr #edrf, x: ecsr, * ;o wait for EDRR full

novep x:edrr0Q,p:(r0)+ ; store in Program RAM
_loopl

bset #gd3, x: gpi or ; disabl e EPROM ( GPl (B8=1)
; @8- G0=1000, GDD3- GDD0=1000, GC3- GX0=0000

jnp <exi t ; Exit bootstrap ROM

; This is the routine that |oads fromthe Serial Host Interface.

; MCMB: MA=101 - Bootstrap fromSH (SPI)

; M2 MBI MA=111 - Bootstrap fromSH (110

; If MCMB:MA=1x1, the internal PRAMis | oaded with 256 words recei ved

; through the Serial Host Interface (SH). The SH operates in the slave
; mode, with the 10-word Fl 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 |I1C node, according to the bootstrap

; node.

shild jclr #nb, ont, shi _loop ; If M MB: MA=101, then SPI
bset #hi 2c,rl ; 11C (H2C)
shi _| oop novep rl,x: hcsr ; enable SH
do #256, exi t
jclr #hr ne, x: hesr, * ; wait for HRX not enpty
nmovep  x:hrx, p:(r0)+ ; store in Program RAM
exit

; Exit bootstrap RCM

clr a a0, r0 ; 10 points to destination address
andi #$ec, omr ; set operating node to O

; (and trigger an exit from

; bootstrap node).

novep al, x: ber ; Delay needed for p. Mde change
; used to clear BCR register.
jnp (r0) ; Then go to destination address.
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A.3 ASSEMBLER CODE TO GENERATE X DATA ROM

; X DATA ROM OONTENTS FCR THE DSP56004 - (C GCopyright 1991 Mtorol a I nc.

;X Data ROM - first 128 words: |log base 2, argunent ranging fromO0.5 inclusive to 1
excl usi ve.

; Next 128 words: antilog base 2, with result ranging fromO0.5 inclusive to 1

excl usi ve.

; X ROM Menory nap:
X address ROMcontents

; (decinal) (decinal)

; 511 0. 99609375 anti | og(-0. 0056466)
;antilogz ()./) . .

; 384 0.5 antil og(-1.0)

; 383 -0. 0056466 | og( 0. 99609375)

; I og2 (x) ' '

2;56 l—l. 0 I 0g( 0. 5)

;X = 0.5 (1 + (addr-256)/128), where addr ranges from256 to 383 resulting in x rangi ng
from0.5 to
; 0. 99609375.

;y =-1.0 (1 - (addr-384)/128), where addr ranges from384 to 51 resulting iny ranging
from-1to

: - 0. 0056466.
; LOX TABLE

org xl:$100, xl : $100
addr set 256

dup 128

par amil set @VF(addr)
par an? set (1.0+(paraml-256.0)/128.0)/2.0
dc @RQ @O paran?)/ @0X 2))
addr set addr+1
endm
; ANTI LO® TABLE
org xl:$180, xI : $180
addr set 384
dup 128
par amil set @VF(addr)
par an? set ((paranl-384.0)/128.0)-1.0
dc @R @ON 2. 0, paran®))
addr set addr+1
endm
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A4

_CRG X $0100
L2_00 DC $800000
L2 01 DC $816FE5
L2 02 DC $82DCF3
L2 03 DC $844734
L2 04 DC $85AEB5
L2 05 DC $87137F
L2 06 DC $88759C
L2_ 07 DC $890618
L2-08 DC $8B31FB
L2-09 DC $8C8C51
L2-0A DC $8DE421
L2 0B DC $8F3976
L2_0C DC $908C59
L2 0D DC $91DCD2
L2_0E DC $932AEA
L2 OF DC $9476AA
L2 10 DC $95QD1A
L2 11 DC $970743
L2 12 DC $984C2C
L2 13 DC $98EDD
L2_14 DC $9ACF5E
L2_15 DC $9C0DB7
L2_16 DC $9D49EE
L2_17 DC $9E840C
L2_18 DC $9FBCL7
L2_19 DC $AOF216
L2 1A DC $A22610
L2 1B DC $A3580B
L2_1C DC $A4880F
L2 1D DC $A5B622
L2_1E DC $AGE24A
L2_1F DC $AB0CSC
L2 20 DC $A934F1
L2 21 DC $AASB7C
L2 22 DC $AB3034
L2 23 DC $ACA320
L2 24 DC $ADCA44
L2 25 DC $AEE3A5
L2_26 DC $B0014B
L2 27 DC $B11089
L2 28 DC $B23775
L2 29 DC $B35004
L2 2A DC $B466EC
L2 2B DC $B57C31
L2_2C DC $B68FDB
L2 2D DC $B7ALE6
L2 2E DC $B8B25F
L2 2F DC $B9C149
L2 30 DC $BACEAS

-1,
.- 0.
.- 0.
.- 0.
.- 0.
.- 0.
.- 0.
- 0.
;- 0.

.- 0.
.- 0.
.- 0.
.- 0.
.- 0.
- 0.
;- 0.
;- 0.
;- 0.
;- 0.
;- 0.
;- 0.
;- 0.
;- 0.
.- 0.
.- 0.

LOG, X TABLE (X DATA ROM)

0000000
9887727
9776322
9665771
9556059
9447175
9339108
9231844
9125372

. 9019679
. 8914756
. 8810589
. 8707169
. 8604486
. 8502529
. 8401287
. 8300750
. 8200909
. 8101754
. 8003277
. 7905467
. 7808315
. 7711813
. 7615952
. 7520725
. 7426121
. 7332134
. 7238756
. 7145978
. 7053792
. 6962192
. 6871171
. 6780719

6690831
6601501
6512718
6424479
6336778
6249605
6162957
6076826
5991206
5906091
5821475
5737352
5653718
5570565
5487889
5405684
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L2 31
L2 32
L2 33
L2 34
L2 35
L2 36
L2 37
L2 38
L2 39
L2 3A
L2 3B
L2 3C
L2 3D
L2 3E
L2 3F
L2_40
L2 41
L2_42
L2_43
L2 44
L2_45
L2_46
L2_47
L2_48
L2_49
L2_4A
L2 4B
L2_4C
L2 4D
L2 4E
L2_4F
L2 50
L2 51
L2 52
L2 53
L2 54
L2 55
L2 56
L2 57
L2 58
L2 59
L2 5A
L2 5B
L2 5C
L2 5D
L2 5E
L2 5F
L2 60
L2 61
L2 62
L2 63
L2 64
L2 65

BEEEEBEEEE8BEEE8BEE88EEE88E888888888888888888888888888

$BBDAS0
$BCE4ADS
$BDEDAD
$BEF50B
$BFFAF3
$OOFF6A
$C20274
$C30414
$CA044F
$C50328
$C600A3
$CBFCA
$CTF78F
$C8F107
$CIE930
$CAEOOD
$CBDLA2
$COCIF2
$CDBLOO
$CEAEDO
$CFIFE5
$DOBEC2
$D1L7CEA
$0269E1
$D355A9
$D44046
$D0529BA
$061209
$D6F934
$D7DF40
$DBCA2E
$DIAB02
$DASABE
$DB6C66
$DCACFA
$DD2CTF
$DEOAF7
$DEES64
$DFCAC
$E0AD27
$E17A83
$E253DD
$E32C39
$E40398
$SE4DOFE
$ESAFEB
$E683E3
$E75768
$ES29FB
$ESFBAO
$E9CCS7
$EAOC24
$EB6BO8

. 5323944
. 5242666
. 5161842
. 5081469
. 5001541
. 4922054
. 4843001
. 4764380
. 4686185
. 4608412
. 4531056
. 4454112
. 4377576
. 4301444
. 4225712
. 4150375
. 4075429
. 4000871
. 3926697
. 3852901
. 3779482
. 3706434
. 3633754
. 3561438
. 3489484
. 3417885
. 3346641
. 3275746
. 3205199
. 3134995
. 3065131
. 2995603
. 2926409
. 2857544
. 2789009
. 2720796
. 2652904
. 2585330
. 2518071
. 2451125
. 2384487
. 2318157
. 2252129
. 2186403
. 2120974
. 2055842
. 1991001
. 1926451
. 1862189
. 1798210
. 1734515
.1671100
. 1607962
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L2_66 DC $EC3905 ; - 0. 1545099
L2_67 DC $ED061D  ;-0.1482509
L2_68 DC $EDD252 ; - 0. 1420190
L2_69 DC $EE9DAY ; -0.1358138
L2_6A DC $EF681C  ;-0.1296353
L2_6B DC $F031B5 ;-0.1234831
L2_6C DC $FOFA73 ;-0.1173569
L2_6D DC $F1C257 ;- 0. 1112567
L2_6E DC $F28963 ; -0.1051823
L2_6F DC $F34F9B  ;-0.0991331
L2_70 DC $F414FE  ;-0.0931094
L2_71 DC $F4D98F  ;-0.0871106
L2_72 DC $F59D60 ; -0. 0811367
L2_73 DC $F66042 ;-0.0751874
L2_74 DC $F72267 ; - 0. 0692626
L2_75 DC $F7E3CL ; - 0. 0633620
L2_76 DC $F8A451 ; - 0. 0574855
L2_77 DC $F96419 ; -0.0516328
L2_78 DC $FA231B  ;-0. 0458037
L2_79 DC $FAE158 ; -0.0399981
L2_7A DC $FBOED2 ; - 0. 0342157
L2_7B DC $FC5BBA  ;-0.0284564
L2_7C DC $FD1782 ;-0.0227201
L2_7D DC $FDD2BC  ;-0.0170064
L2_7E DC $FESD38 ;-0. 0113153
L2_7F DC $FF46F9 ; - 0. 0056466

A5 2XTABLE (X DATA ROM)

_DATA X 0180
AL2_00 DC $400000  ;+0. 5000000
AL2_01 DC $4058F7  ;+0. 5027150
AL2_02 DC $40B269  ; +0. 5054446
AL2_03 DC $410C58  ; +0. 5081892
AL2_04 DC $4166C3  ; +0. 5109485
AL2_05 DC $41CLAD ; +0. 5137230
AL2 06 DC $421D14  ; +0. 5165124
AL2 07 DC $4278FB  ;+0. 5193170
AL2 08 DC $42D562  ; +0. 5221369
AL2 09 DC $433249  ; +0. 5249721
AL2 OA DC $438FBL  ; +0. 5278226
AL2 0B DC $43EDOB  : +0. 5306886
AL2_ 0C DC $444Q07  ; +0. 5335702
AL2 0D DC $44AAF7  ; +0. 5364674
AL2_OE DC $450A6B  ; +0. 5393804
AL2_OF DC $456A63  ; +0. 5423092
AL2_10 DC $45CAEL  ; +0. 5452539
AL2 11 DC $462BE5  : +0. 5482146
AL2 12 DC $468D70 : +0.5511913
AL2_13 DC $46EF82  ; +0. 5541842
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BOOTSTRAP ROM AND DATA ROM CONTENTS

AL2_14
AL2_15
AL2_16
A2 17
AL2_18
AL2_19
AL2 1A
AL2_1B
AL2_1C
AL2_1D
AL2_1E
AL2_1F
AL2_20
AL2 21
AL2 22
AL2 23
AL2_24
AL2_25
AL2_26
AL2_27
AL2_28
AL2_29
AL2_2A
AL2 2B
AL2_2C
AL2_2D
AL2 2E
AL2_2F
AL2_30
AL2 31
AL2 32
AL2 33
AL2_34
AL2_35
AL2_36
AL2_37
AL2_38
AL2_39
AL2_3A
AL2_3B
AL2_3C
AL2_3D
AL2_3E
AL2_3F
AL2_40
AL2_41
AL2_42
AL2_43
AL2_44
AL2_45
AL2_46
AL2_47
AL2_48

DC $47521D
DC $47B541
DC $4818EE
DC $487D26
DC $48E1EA
DC $494739
DC $49AD16
DC $4A1380
DC $4ATAT8
DC $4AELFF
DC $4B4A17
DC $4BB2BF
DC $4C1BF8
DC $4C85C4
DC $4CF023
DC $4D65B15
DC $4D369D
DC $4E32BA
DC $4E9F6D
DC $4FOCB7
DC $4F7A99
DC $4FE914
DC $505829
DC $50C7D7
DC $513822
DC $51A908
DC $521A38B
DC $528CAC
DC $52FF6B
DC $5372CA
DC $53E6CA
DC $545B6B
DC $5400AD
DC $554693
DC $55BD1D
DC $56344B
DC $56ACLF
DC $57249A
DC $579DBC
DC $581787
DC $5891FB
DC $590D19
DC $5988E2
DC $5A0557
DC $5A827A
DC $5B004A
DC $5B7EC
DC $5BFDF8
DC $5C7D08
DC $5CFE69
DC $5D7FAD
DC $5E01A5
DC $5E8452

; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
: 40.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.

5571934
5602189
5632608
5663192
5693944
5724860
5755947
5787201
5818624
5850219
5881985
5913924
5946035
5978322
6010784
6043421
6076237
6109231
6142403
6175755
6209289
6243005
6276904
6310986
6345255
6379709
6414350
6449180
6484197
6519406
6554806
6590399
6626183
6662163
6698338
6734709
6771277
6808045
6845012
6882180
6919550
6957122
6994898
7032880
7071068
7109463
7148067
7186880
7225904
7265140
7304589
7344252
7384131
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BOOTSTRAP ROM AND DATA ROM CONTENTS

AL2_49 DC $5F07B4
AL2_4A DC $5F8BCD
AL2_4B DC $60109D
AL2_AC DC $609626
AL2_4D DC $611069
AL2_4E DC $61A366
AL2_4F DC $622BIF
AL2 50 DC $62B395
AL2 51 DC $6330C8
AL2 52 DC $63C6BA
AL2 53 DC $64516C
AL2_54 DC $64DCDF
AL2_55 DC $656913
AL2_56 DC $65F60A
AL2_57 DC $668306
AL2 58 DC $671246
AL2_59 DC $67A18C
AL2 5A DC $68319A
AL2 5B DC $68C270
AL2_5C DC $69540F
AL2 5D DC $69E678
AL2_5E DC $6A79AD
AL2_5F DC $6BODAF
AL2 60 DC $6BA27E
AL2 61 DC $6C381D
AL2_62 DC $6CCESB
AL2_63 DC $6D65CA
AL2_64 DC $6DFDDC
AL2_65 DC $6E96CL
AL2_66 DC $6F307A
AL2 67 DC $6FCBO9
AL2_68 DC $70666F
AL2 69 DC $7102AD
AL2_6A DC $719FC5
AL2_6B DC $723DB6
AL2_6C DC $72DC83
AL2_6D DC $737C2D
AL2_6E DC $741CB5
AL2_6F DC $74BELC
AL2_70 DC $756063
AL2_71 DC $76038C
AL2_72 DC $76A798
AL2_73 DC $774C88
AL2_74 DC $77F25D
AL2_75 DC $789918
AL2_76 DC $7940BC
AL2_77 DC $79E948
AL2 78 DC $7A92BF
AL2_79 DC $7B3D21
AL2_7A DC $7BE870
AL2_7B DC $7C94AD
AL2_7C DC $7D41D9
AL2_7D DC $7DEFF7

; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
: 40.
: +0.
: +0.
: +0.
. +0.
: +0.
: +0.
: +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
: +0.
. +0.
. +0.
. +0.
: +0.
: +0.
: +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.
: +0.
: +0.
. +0.
. +0.
: +0.
: +0.
: +0.
; +0.
; +0.
; +0.
; +0.
; +0.
; +0.
: 40.
: 40.

7424226
7464539
7505070
7545822
7586795
7627990
7669410
7711054
7752924
7795022
7837348
7879905
7922691
7965710
8008964
8052452
8096175
8140137
8184338
8228778
8273458
8318383
8363551
8408964
8454624
8500532
8546689
8593097
8639756
8686669
8733836
8781260
8828942
8876883
8925083
8973545
9022270
9071261
9120517
9170040
9219832
9269896
9320230
9370838
9421721
9472880
9524317
9576033
9628030
9680309
9732872
9785720
9838856
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BOOTSTRAP ROM AND DATA ROM CONTENTS

AL2_7E DC $7E9F06 ; +0. 9892280
AL2_7F DC $7F4F09 ; +0. 9945995

A.6  SINE WAVE TABLE (Y DATA ROM)

CRG Y: $100

S 00 DC $000000
S 01 DC $03242B
S 02 DC $0647D9
S 03 DC $096A90
S 04 DC $0CSBD3
S 05 DC $OFAB27
S 06 DC $12C810
S 07 DC $15E214
S 08 DC $18F8B8
S 09 DC $1C0B32
S 0A DC $1F19F9
S 0B DC $2223A5
S 0C DC $25280C
S 0D DC $2826B9
S OE DC $2B1F35
S OF DC $2E110A
S 10 DC $30FBCS
S 11 DC $33DEF3
S 12 DC $36BA20 ; +0. 4275551140
S 13 DC $398CDD ; +0. 4496113062
S 14 DC $3CS6BA ; +0. 4713967144
S 15 DC $3F174A ; +0. 4928981960
S 16 DC $41CELE ; +0.5141026974
S 17 DC $447ACD ; +0. 5349975824
S 18 DC $471CED ; +0. 5555701852
S 19 DC $49B415 ; +0. 5758082271
S 1A DC $4C3FEO0 ; +0. 5956993103
S 1B DC $4EBFE9 ; +0. 6152315736
S 1C DC $5133CD ; +0. 6343932748
S 1D DC $539B2B ; +0. 6531729102
S 1E DC $55F5A5 ; +0. 6715589762
S 1F DC $58420D ; +0. 6895405054
S 20 DC $5A827A ; +0. 7071068287
S 21 DC $5CB421 ; +0. 7242470980
S 22 DC $5ED77D ; +0. 7409511805
S 23 DC $60EC38 ; +0. 7572088242
S 24 DC $62F202 ; +0. 7730104923
S 25 DC $64E889 ; +0. 7883464098
S 26 DC $66CF81 ; +0. 8032075167

+0. 0000000000
+0. 0245412998
+0. 0490676016
+0. 0735644996
+0. 0980170965
+0. 1224106997
+0. 1467303932
+0. 1709619015
+0. 1950902939
+0. 2191012055
+0. 2429800928
+0. 2667128146
+0. 2902846038
+0. 3136816919
+0. 3368898928
+0. 3598949909
+0. 3826833963
+0. 4052414000

S 27 DC $68A69F ; +0.8175848722
S 28 DC $6A6D99 ; +0.8314697146
S 29 DC $6C2429 ; +0. 8448535204
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BOOTSTRAP ROM AND DATA ROM CONTENTS

A DC $6DCAOD
DC $6F5F03
C DC $70E2CC
D DC $72552D
DC $73B5EC
DC $750403
DC $7641AF
DC $776CAF
DC $788484
DC $798A24
DC $7A7D05
DC $7B5D04
DC $7C29FC
DC $7CE3CF
DC $7D8ASF
DC $7E1D94
A DC $7E9D66
, 3B DC $7F0992
, 3C DC $7F6237
S 3D DC $7FA737
S 3E DC $7FD888
S 3F DC $7FF622
S 40 DC $7FFFFF
S 41 DC $7FF622
S 42 DC $7FDB88
S 43 DC $7FA737
S 44 DC $7F6237
S 45 DC $7F0992
S 46 DC $7E9D66
S 47 DC $7E1D94
S 48 DC $7DBASF
S 49 DC $7CE3CF
S 4A DC $7C29FC
S 4B DC $7B5D04
S 4C DC $7A7D05
S 4D DC $798A24
S 4E DC $788484
S 4F DC $776C4F
S 50 DC $7641AF
S 51 DC $750408
S 52 DC $73B5EC
S 53 DC $72552D
S 54 DC $70E2CC
S 55 DC $6F5F03
S 56 DC $6DCAOD
S 57 DC $6C2429
S 58 DC $6A6D99
S 59 DC $68A69F
S 5A DC $66CF81
S 5B DC $64E889
S 5C DC $62F202
S 5D DC $60EC38
S 5E DC $5ED77D

os]

U)l(/) |(/3! |(/Zl l(/JIUJIUJIU)I(DI(DI(DI(DICDI(DIU) l(/) lU) |(/)
©CoOo~NOOOUOAAWNPEFPOTM

WWWWWWwWWWwWWwWNNDNDNNDN

(0]
(os]

+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.

8577286005
8700870275
8819212914
8932244182
9039893150
9142097235
9238795042
9329928160
9415441155
9495282173
9569402933
9637761116
9700313210
9757022262
9807853103
9852777123
9891765118
9924796224
9951847792
9972904921
9987955093
9996988773
9999998808
9996988773
9987955093
9972904921
9951847792
9924796224
9891765118
9852777123
9807853103
9757022262
9700313210
9637761116
9569402933
9495282173
9415441155
9329928160
9238795042
9142097235
9039893150
8932244182
8819212914
8700870275
8577286005
8448535204
8314697146
8175848722
8032075167
7883464098
7730104923
7572088242
7409511805
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BOOTSTRAP ROM AND DATA ROM CONTENTS

DC $50B421
DC $5A827A
DC $5842DD
DC $55F5A5
DC $539B2B
DC $5133CD
DC $4EBFE9
DC $4C3FE0
DC $49B415
DC $471CED
DC $447ACD
A DC $41CE1E
DC $3F174A
C DC $3C56BA
D DC $398CDD
DC $36BA20
DC $33DEF3
DC $30FBCS
DC $2E110A
DC $2B1F35
DC $50B421
DC $5A827A
DC $5842DD
DC $55F5A5
DC $539B2B
DC $5133CD
DC $4EBFE9
DC $4C3FEO
DC $49B415
DC $471CED
DC $447ACD
, 6A DC $41CELE
> 6B DC $3F174A
, 6C DC $3C56BA
D DC $398CDD
DC $36BA20
DC $33DEF3
DC $30FBCS
DC $2E110A
DC $2B1F35
DC $2826B9
DC $25280C
DC $2223A5
DC $1F19F9
DC $1C0B82
DC $18F8B8
DC $15E214
A DC $12C810
DC $0FAB27
C DC $0C8BD3
D DC $096A90
DC $0647D9
DC $03242B

©CoOo~NOOUA~AWNEFEPOTM w O©CO~NOUPRARWNPFPOTINEFEFOTM vy} O©CoOoO~NOOOUA,WNPEFLPOT

Imlwlwlwlwlwlwlwlwlmlmlwlwlmlmlwlwlwlw (2] wlwlwlmlmlwlmlmlmlmlwlwlwlwl(nl(nlwlwlmlmlwlwlmlmlwlmlmlwlwl(nl(nlw
NN NN a NNNNNNNNINNNANNDDODDDDDDDDOODDDDNNDDUNNNDODDDDDDADDDDDDO DO DU

mm

+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.

7242470980
7071068287
6895405054
6715589762
6531729102
6343932748
6152315736
5956993103
5758082271
5555701852
5349975824
5141026974
4928981960
4713967144
4496113062
4275551140
4052414000
3826833963
3598949909
3368898928
7242470980
7071068287
6895405054
6715589762
6531729102
6343932748
6152315736
5956993103
5758082271
5555701852
5349975824
5141026974
4928981960
4713967144
4496113062
4275551140
4052414000
3826833963
3598949909
3368898928
3136816919
2902846038
2667128146
2429800928
2191012055
1950902939
1709619015
1467303932
1224106997
0980170965
0735644996
0490676016
0245412998
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BOOTSTRAP ROM AND DATA ROM CONTENTS

DC $000000
DC $FCDBDG
DC $F9B827
DC $F69570
DC $F3742D
DC $F054D9
DC $EDB7FO
DC $EALDEC
DC $E70748
DC $E3F47E
A DC $EOE607
DC $DDDCSB
C DC $DAD7F4
D DC $D7D947
E DC $D4EOCB
DC $DLEEF6
DC $CF043B
DC $0C210D
DC $C945E0
DC $067323
DC $C3A946
DC $CDESB6
DC $BE31E2
DC $BB8533
DC $BSE313
DC $B64BEB
A DC $B3Q020
DC $B14017
, 9C DC $AECC33
S 9D DC $AC64D5
S 9E DC $AA0ASB
S 9F DC $A7BD23
S A0 DC $A57D86
S Al DC $A34BDF
S A2 DC $A12883
S A3 DC $9F13C8
S M DC $9DODFE
S A5 DC $9B1777
S A6 DC $99307F
S A7 DC $975961
S A8 DC $959267
S A9 DC $93DBD7
S AA DC $9235F3
S AB DC $90A0FD
S AC DC $8F1D34
S AD DC $8DAADS
S AE DC $8C4A14
S AF DC $8AFB2D
S B0 DC $89BE51
Bl DC $8893B1
DC $877B7C

O©CoOoO~NOOOIA~WNPEO

@

O©CoOoO~~NOOOUTA,WNPEFLPOT

(/JIUJI(DIU)IU)I(DI(DI(DI(D I(Dl(n l(n I(/) I(/J I(/J l(/JI(IJIUJIU)IU)IU)I(DI(DICD IU) Iw l(n l(n I(/)
© 8 O (© © © © © (O O W WO W 000000 000000 Co 00 0 0 0

DC $8582FB

. 0000000000
. 0245412998
. 0490676016
. 0735644996
. 0980170965
. 1224106997
. 1467303932
. 1709619015
. 1950902939
. 2191012055
. 2429800928
. 2667128146
. 2902846038
. 3136816919
. 3368898928
. 3598949909
. 3826833963
. 4052414000
. 4275551140
. 4496113062
. 4713967144
. 4928981960
. 5141026974
. 5349975824
. 55565701852
. 5758082271
. 5956993103
. 6152315736
. 6343932748
. 6531729102
. 6715589762
. 6895405054
. 7071068287
. 7242470980
. 7409511805
. 7572088242
. 7730104923
. 7883464098
. 8032075167
. 8175848722
. 8314697146
. 8448535204
. 8577286005
. 8700870275
. 8819212914
. 8932244182
. 9039893150
. 9142097235
. 9238795042
. 9329928160
. 9415441155
. 9495282173
. 9569402933
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BOOTSTRAP ROM AND DATA ROM CONTENTS

I(DI(DI(DI(Dl(Dl(Dl(/)l(/Jl(/JlUJI(DIU) 9] (/) U') (D (DICDI(Dl(/)l(I)lU)l(/Jl(/JlUJIUJIUJI(D n U') (D U') (DI(Dl(nl(Dl(/)l(lJl(/Jl(fJIUJI(D 9] (/) U)I(DI(DICDI(DI(I)lU)l(Dl(/)

@ESEIQEHEQEE@QRBRB9889.889889899888988‘3‘8998898%%%%%gggcﬂ%@

$83D604
$831C31
$8275A1
$81E26C
$8162AA
$80F66E
$809DC9
DC $8058C9
DC $802778
DC $8009DE
DC $800000
DC $8009DE
DC $802778
DC $8058C9
DC $809DC9
DC $80F66E
DC $8162AA
DC $81E26C
DC $8275A1
DC $831C31
DC $83D604
DC $84A2FC
DC $8582FB
DC $8675DC
DC $877B7C
DC $8893B1
DC $89BE51
DC $8AFB2D
DC $8C4AL4
DC $8DAADS
DC $8F1034
DC $90A0FD
DC $9235F3
DC $93DBDY
DC $959267
DC $975961
DC $99307F
DC $9B1777
DC $9DODFE
DC $9F13C8
DC $A12883
DC $A34BDF
DC $A57086
DC $A7BC23
DC $AADASB
DC $AB4D6
DC $AECC33
DC $B14017
DC $B3C020
DC $B64BEB
DC $BBE313
DC $BB8533

BBEE88ESE

$84A2FC ;

. 9637761116
. 9700313210
. 9757022262
. 9807853103
. 9852777123
. 9891765118
. 9924796224
. 9951847792
. 9972904921
. 9987955093
. 9996988773
. 0000000000
. 9996988773
. 9987955093
. 9972904921
. 9951847792
. 9924796224
. 9891765118
. 9852777123
. 9807853103
. 9757022262
. 9700313210
. 9637761116
. 9569402933
. 9495282173
. 9415441155
. 9329928160
. 9238795042
. 9142097235
. 9039893150
. 8932244182
. 8819212914
. 8700870275
. 8577286005
. 8448535204
. 8314697146
. 8175848722
. 8032075167
. 7883464098
. 7730104923
. 7572088242
. 7409511805
. 7242470980
. 7071068287
. 6895405054
. 6715589762
. 6531729102
. 6343932748
. 6152315736
. 5956993103
. 5758082271
. 55565701852
. 5349975824
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BOOTSTRAP ROM AND DATA ROM CONTENTS

IARBEE Y

>TOO~NOOUTRA, WNERE

(os]

lewlwlwlwlwlwlwlmlmlmlmlmlmlwlm (0] (D (I) U) (I) (/)
m UL L A A A o A A

i

.

DC $BE31E2 ;
DC $COESBG6 ;
DC $C3A946 ;
DC $C67323 ;
DC $C945E0

DC $CC210D ;
DC $CF043B ;
DC $DLEEF6 ;
DC $DAEOCB ;
DC $D7D947 ;
DC $DAD7F4
DC $DDDCSB

DC $EOE6O7 ;
DC $E3F47E ;
DC $E70748 ;
DC $EALDEC ;
DC $ED37FO ;
DC $F054D9 ;
C DC $F3742D ;
D DC $F69570 ;
DC $F9B827 ;
DC $FCDBDS

. 5141026974
. 4928981960
. 4713967144
. 4496113062
. 4275551140
. 4052414000
. 3826833963
. 3598949909
. 3368898928
. 3136816919
. 2902846038
. 2667128146
. 2429800928
. 2191012055
. 1950902939
. 1709619015
. 1467303932
. 1224106997
. 0980170965
. 0735644996
. 0490676016
. 0245412998
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Programming Reference

A.1 INTRODUCTION

This section has been compiled as a reference for programmers. It contains a memory
map showing the addresses of all the DSP’s memory-mapped peripherals, an
interrupt priority table, an instruction set summary, and programming sheets for all
the programmable registers on the DSP. The programming sheets are grouped by the
central processor and each peripheral, and provide room to write in the value of each
bit and the hexadecimal value for each register. The programmer can photocopy
these sheets and reuse them for each application development project.

A.2 PERIPHERAL ADDRESSES

Figure A-1 is a memory map of the on-chip peripherals showing their addresses in
memory.

A.3 INTERRUPT ADDRESSES

Table A-1 on page B-5 lists the interrupt starting addresses and sources.

A.4 INTERRUPT PRIORITIES

Table A-2 on page B-6 lists the priorities of specific interrupts within interrupt
priority levels.

A.5 INSTRUCTION SET SUMMARY

Table A-3 on page B-7 summarizes the instruction set. For more detailed information
about the instructions, consult the DSP56000 Family Manual.

A.6 PROGRAMMING SHEETS

Figure A-2 on page B-14 through Figure A-17 on page B-29 are programming sheets
for the complete set of programmable registers on the DSP.
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Programming Reference

23 16 15 87 0

X:$FFFF [interrupt Priority Register (IPR)
X:$FFFE Reserved
X:$FFFD PLL Control Register (PCTL)
X:$FFFC Reserved
X:$FFFB Reserved
X:$FFFA Reserved
X:$FFF9 Reserved
X:$FFF8 Reserved
X:$FFF7 GPI1O Control/Data Register (GPIOR)
X:$FFF6 EMI Write Offset Register (EWOR)
X:$FFF5 Reserved
X:$FFF4 Reserved
X:$FFF3 SHI Receive FIFO/Transmit Register (HRX/HTX)
X:$FFF2 SHI I2C Slave Address Register (HSAR)
X:$FFF1 ISHI Host Control/Status Register (HCSR)
X:$FFFO SHI Host Clock Control Register (HCKR)
X:$FFEF EMI Refresh Control Register (ERCR)
X:$FFEE EMI Data Register 1 (EDRR1/EDWR1)
X:$FFED EMI Offset Register 1 (EOR1)
X:$FFEC EMI| Base Address Register 1 (EBAR1)
X:$FFEB EMI Control/Status Register (ECSR)
X:$FFEA EMI Data Register 0 (EDRRO/EDWRO)
X:$FFE9 EMI Offset Register 0 (EORO)
X:$FFE8 EMI Base Address Register 0 (EBARO)
X:$FFE7 SAI TX2 Data Register (TX2)
X:$FFE6 SAI TX1 Data Register (TX1)
X:$FFE5 SAI TX0 Data Register (TX0)
X:$FFE4 SAI TX Control/Status Register (TCS)
X:$FFE3 SAl RX1 Data Register (RX1)
X:$FFE2 SAlI RX0 Data Register (RX0)
X:$FFE1 SAI RX Control/Status Register (RCS)
X:$FFEO SAl Baud Rate Control Register (BRC)
X:$FFDF Reserved
X:$FFDE Reserved
X:$FFDD Reserved
X:$FFDC Reserved
X:$FFDB Reserved
X:$FFDA Reserved
X:$FFD9 Reserved
X:$FFD8 Reserved
X:$FFD7 Reserved
X:$FFD6 Reserved
X:$FFD5 Reserved
X:$FFD4 Reserved
X:$FFD3 Reserved

© ] T T
X:$FFCO I Reserved

|:| = Unused and reserved. Read as a random number. To ensure future compatibility, do not write to these registers.

|:| = Unused and reserved. Consult the appropriate chapter for information on how to ensure future compatibility.

Figure A-1 On-chip Peripheral Memory Map
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Programming Reference

Table A-1 Interrupt Starting Addresses and Sources

Interrupt IPL Interrupt Source
Starting Address

P:$0000 3 |Hardware RESET

P:$0002 3 |Stack Error

P:$0004 3 |Trace

P:$0006 3 |Swi

P:$0008 0-2 |IRQA

P:$000A 0-2 |IRQB

P:$000C Reserved

P:$000E Reserved

P:$0010 0—2 |SAIl Left Channel Transmitter if TXIL =0

P:$0012 0-2 |SAl Right Channel Transmitter if TXIL =0

P:$0014 0—2 [SAI Transmitter Exception if TXIL =0

P:$0016 0-2 |SAI Left Channel Receiver if RXIL =0

P:$0018 0-2 |SAIl Right Channel Receiver if RXIL =0

P:$001A 0-2 [SAIl Receiver Exception if RXIL =0

P:$001C Reserved

P:$001E 3 |NMI

P:$0020 0-2 [SHI Transmit Data

P:$0022 0—2 |SHI Transmit Underrun Error

P:$0024 0-2 |SHI Receive FIFO Not Empty

P:$0026 Reserved

P:$0028 0-2 [SHI Receive FIFO Full

P:$002A 0-2 |SHI Receive Overrun Error

P:$002C 0-2 [SHI Bus Error

P:$002E Reserved

P:$0030 0-2 |EMI Write Data

P:$0032 0-2 |EMI Read Data

P:$0034 0-2 |EMI EBARO Memory Wrap

P:$0036 0-2 |EMI EBAR1 Memory Wrap

P:$0038 Reserved

P:$003A Reserved

P:$003C Reserved

P:$003E 3 |lllegal Instruction

P: $0040 0-2 |SAI Left Channel Transmitter if TXIL =1

P: $0042 0-2 |SAIl Right Channel Transmitter if TXIL = 1

P: $0044 0-2 [SAIl Transmitter Exception if TXIL = 1

MOTOROLA
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Table A-1 Interrupt Starting Addresses and Sources (Continued)

Interrupt IPL Interrupt Source
Starting Address

P: $0046 0-2 [SAI Left Channel Receiver if RXIL = 1

P: $0048 0-2 [SAIl Right Channel Receiver if RXIL = 1

P: $004A 0-2 |SAIl Receiver Exception if RXIL = 1

P: $004C Reserved

P: $007E Reserved

Table A-2 Interrupt Priorities Within an IPL

Priority

|Interrupt

Level 3 (Nonmaskable)

Highest

Hardware RESET

lllegal Instruction

NMI

Stack Error

Trace

Lowest

SWiI

Levels 0, 1, 2 (Maskable)

Highest

IRQA (External Interrupt)

IRQB (External Interrupt)

SAl Receiver Exception

SAl Transmitter Exception

SAl Left Channel Receiver

SAl Left Channel Transmitter

SAl Right Channel Receiver

SAl Right Channel Transmitter

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

EMI EBARO Memory Wrap

EMI EBAR1 Memory Wrap

EMI Read Data

Lowest

EMI Write Data
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Table A-3 Instruction Set Summary (Sheet 1 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. Status Request
Program | Clock Bits:
Words |Cycles|s|L|E|lulN|Z|VIC

ABS D (parallel move) I+mv (24 my|*[*|*|*][*|*|*|—
ADC S,D (parallel move) 1+mv |2+mv w | x| x| * x| ] =
ADD SD (parallel move) 1+mv |2+mv x| %[ x[x][x]x]x
ADDL SD (parallel move) 14+mv [ 2+my|*|*|*|[*]*][x]|2]=*
ADDR S,D (parallel move) I+mv [ 24my|*[*|*|*[*[*|*|*
AND S,D (parallel move) l1+mv |[2+mv|*|* ?1?|0|—
AND(I) #xx,D 1 2 2121212121212
ASL D (parallel move) 1+mv |[24+my|*[*|*|*|*|*|?|?
ASR D (parallel move) l1+mv |2+mv i R I I R K0 D s
BCHG #n,X:<aa> l+ea |4+mvb|?(?|?|?|?|?|?|?

#n,X:<pp>

#n,X:.<ea>

#n,Y:<aa>

#n,Y:<pp>

#n,Y:<ea>

#n,D
BCLR #n,X:<aa> l+ea |[4+mvb|?|?(?|?2(?|?(?|?

#n,X:<pp>

#n,X:.<ea>

#n,Y .<aa>

#n,Y . <pp>

#n,Y .<ea>

#n,D
BSET #n,X:<aa> l+ea |4+mvb|?2(?[?|?2|?|?]|?|?

#n,X:.<pp>

#n,X.<ea>

#n,Y:<aa>

#n,Y:<pp>

#n,Y:<ea>

#n,D
— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
MOTOROLA DSP56004 User’s Manual B-7
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Table A-3 Instruction Set Summary (Sheet 2 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [ElulNn]z]v

BTST #n,X:<aa> l+ea |4+ mvb—*

#n,X:<pp>

#n,X:<ea>

#n,Y .<aa>

#n,Y:<pp>

#n,Y .<ea>

#n,D
CLR D (parallel move) 1+mv ([2+mv|*[*|?|?]?|?|?|—
CMP S1,S2 (parallel move) 1+myv |[2+my|*|[*|*|*|*|*|*
CMPM S1,S2 (parallel move) 1+myv | 2+my|*|[*|*|*|*|*]|*
DEBUG 1 4
DEBUGcc 1 4
DEC D 1 2 x| % | %[ x| *|*
DIV S,D 1 2 |4* ?
DO X:<ea>,expr 2 6+mv|*|*

X:<aa>,expr

Y:<ea>,expr

Y:<aa>,expr

HXXX, expr

S,expr
ENDDO 1 2
EOR S,D (parallel move) 1+mv |[2+mv|*|* ?1?|0—
ILLEGAL 1 8
INC D 1 2 x| % | %% | *|*
Jcc XXX l+ea 4+ jx
JCLR #n,X:<ea>,XxXxX 2 6+jx |*|*

#n, X.<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y .<ea>,XXXX

#n,Y :<aa>,XXXX

#N,Y :<pp>,XXXX

#n,S,XXXX

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Programming Reference

Table A-3 Instruction Set Summary (Sheet 3 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [ElulNnlz]v]c
JMP XXXX l+ea 4+ jx
ea
JScc XXXX l+ea 4+ jx
ea
JSCLR #n,X:<ea>,XXXX 2 6+jx |*|*

#n,X:<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y:<ea>,XXXX

#n,Y .<aa>,XXXX

#n,Y :<pp>,XXXX

#N,S, XXXX

JSET #n,X:<ea>,XXXx 2 6+jx |*|*

#n,X:<aa>,XXXX

#Nn,X:<pp>,XXXX

#n,Y .<ea>,XXXX

#n,Y:<aa>,XXXX

#N,Y :<pp>,XXXX

#N,S,XXXX
JSR XXX l+ea | 4+
ea
JSSET #n, X:<ea>, XXXX 2 6+jx |*|*

#n,X:<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y:<ea>,XXXX

#n,Y .<aa>,XXXX

#n,Y :<pp>,XXXX

#n,S,XXXX
LSL D (parallel move) 1+mv |[2+mv|*|* ?|?10(?
LSR D (parallel move) 1+mv |[2+mv|*|* ?1?10(?
LUA <ea>,D 1 4
MAC (#)s2,51,D (parallel move) 1+myv [2+4my|*[*|*|*|[*|*|*|—

(¥)S1,52,D (parallel move)

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)

0 indicates that the bit is cleared
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Programming Reference

Table A-3 Instruction Set Summary (Sheet 4 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s|L [ElulNlz]v]c
(®)S,#n,D (no parallel move) 1 2
MACR (¥)S2,S1,D (parallel move) 1+mv (24 my|*[*|*|*[*|*|*|—
(x)s1,s2,D (parallel move)
(x)S,#n,D (no parallel move) 1 2
MOVE S,D 1+mv |[2+mv|*|*
No parallel data move () mv mv
Immediate short (e )#xx,D mv mv
data move
Register to register (.....)S,D mv mv | *|*
data move
Address register update (.....)ea mv mv
X memory data move (....)X:<ea>D mv mv | *[*
(.....)X:<aa>D
(.....)S,X:<ea>
(.....)S,X:<aa>
(eeee ) BXOXOXXXX,D
Register and X memory (.....)X:<ea>D1 |S2,D2 mv mv | *|*
data move (....)S1,X:<ea> [S2,D2
(e )BXXxxxx,D1  |S2,D2
(....)A X:<ea> X0,A
(.....)B,X:<ea> X0,B
Y memory data move (.....)Y:<ea>D mv mv | *[*
(.....)Y:<aa>D
(.....)S,Y:<ea>
(.....)S,Y:<aa>
(eeee ) BXOXOXXXX,D
Register and Y memory (.....)81,D1 Y:.<ea>D2 mv mv | *|*
data move (...)S1,D1 S2,Y:<ea>
(.....)81,D1 HXXXXXX,D2
(-..-)YO,A AY <ea>
(.....)YO,B B,Y:<ea>

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared

B-10

DSP56004 User’'s Manual

MOTOROLA




Programming Reference

Table A-3 Instruction Set Summary (Sheet 5 of 7)

Mnemonic

Syntax

Parallel Moves

Instruction
Program
Words

Osc.
Clock
Cycles

Status Request
Bits:

LIE|JU|IN|Z|V|C

Long memory data move

)L:<ea>,D

myv

mv

)L:<aa>,D

)S,L:<ea>

)S,L:<aa>

XY memory data move

)X:<eax>D1

Y:<eay>D2

myv

mv

)X:<eax>,D1

S2,Y:<eay>

)S1,X:<eax>

Y:<eay>D2

)S1,X:<eax>

S2,Y:<eay>

MOVE(C)

X.<ea>,D1

1l+ea

2+ mvc|?

X:<aa>,D1

S1,X:<ea>

S1,X:<aa>

Y:.<ea>,D1

Y:<aa>,D1

Sl1,Y:<ea>

S1,Y:<aa>

S1,D2

S2,D1

HXXXX,D1

#xx,D1

MOVE(M)

P:<ea>,D

1+ea

2+
mvm

S,P:<ea>

S,P:<aa>

P:<aa>D

MOVE(P)

x:<pp>yD

1+ea

2+ mvp|~

X:<pp>,X:<ea>

X:<pp>,Y:<ea>

X:<pp>,P:<ea>

S, Xi<pp>

HXXXXXX, X:<pp>

X:<ea> X:<pp>

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table A-3 Instruction Set Summary (Sheet 6 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s|L [ElulNlz]v]c

MOVE(P) |Y:<ea>X:<pp>
(continued)

P:<ea>X:<pp>

Y:<pp>,D

Y:<pp>X:.<ea>

Y:<pp>,Y:<ea>

Y:<pp>,P:<ea>

S,Y:<pp>

HXXXXXX, Y :<pp>

X:<ea>,Y:<pp>

Y:<ea>,Y:<pp>

P:<ea>Y:<pp>
MPY (¥)S2,S1,D (parallel move) 1+mv (24 my|*[*|*|*|[*|*|*|—

(x)s1,s2,D (parallel move)

()S,#n,D (no parallel move) 1 2
MPYR (#)s2,51,D (parallel move) 1+myv [2+my|*[*|*|*|[*|*|*|—

(¥)S1,S2,D (parallel move)

(®)S,#n,D (no parallel move) 1 2
NEG D (parallel move) 1+mv |2+ my|*[*|*|*|*|*]|*|—
NOP 1 2
NORM Rn,D 1 2 | HF|FF| | ?
NOT D (parallel move) 1+mv |[2+mv|*|* ?1?|0}—
OR S,D (parallel move) 1+mv |[2+mv|*|* ?1?|0}—
ORI #xx,D 1 2 ?20?21?(?(?|?|?|?
REP X:<ea> 1 4+mv|?

X:<aa>

Y:<ea>

Y:<aa>

S

HXXX
RESET 1 4
RND D (parallel move) 1+myv [2+my|*[*|*|*|*|*|*|—

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table A-3 Instruction Set Summary (Sheet 7 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [ElulNnlz]v]c

ROL D (parallel move) 1+mv |[2+mv * 2202

ROR D (parallel move) 1+mv |[2+mv|*|* ?|?10(?

RTI 1 4+ rx ?2(?21?2(?(?(?|?

RTS 1 4+ rx

SBC S,D (parallel move) 1+mv |2+mv x| k| % | * | x| x| *

STOP 1 n/a

SUB S,D (parallel move) 1+mv |2+mv x| k| x| * | x| x| *

SUBL SD (parallel move) 1+mv |2+mv w| x| x [ x[x]2] *

SUBR S,D (parallel move) 1+mv |2+mv x| k| * | * | x| x| *

SWI 8

Tcc S1,D1 2

S1,D1 S2,D2

TFR S,D (parallel move) 1+mv |[2+mv|*|*

TST S (parallel move) 1+mv |2+mvl*[*[*|*|*|*|0|—

WAIT 1 n/a

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Application:

Date:

Programmer:

Sheet 1 of 4

ICENTRAL PROCESSOR]

Carry

Overflow

Zero

Negative
Unnormalized

Extension

Limit
FFT Scaling

Interrupt Mask

Scaling Mode

Reserved
Trace Mode

Double Precision Multiply Mode
Loop Flag ‘l

15 14 13 12

}
)

)
-¢
)
-¢

LF
Status Register (SR)

Read/Write

DM

T

*
0

[ee]
0|~
| O =
miol
Clhd =
Zlw =
N[N
<| =
0Olo =

Reset = $0300

N B

Mode Register (MR)

* = Reserved, write as 0

Note: The operation and function of the Status Register is detailed in the
DSP56000 Family Manual

Condition Code Register (CCR)

Figure A-2 Status Register (SR)
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Date:

Application:

Programmer:

Sheet 2 of 4
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Figure A-3 Interrupt Priority Register (IPR)
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Figure A-4 Operating Mode Register (OMR)
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Programmer:

Sheet 4 of 4
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Figure A-5 PLL Control Register (PCTL)
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Programmer:
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Figure A-9 EMI Refresh Control Register (ERCR)
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Figure A-12 SHI Control/Status Register (HCSR)
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Programmer:
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S.A.lL
RLRS | Description
0 WSR low identifies Left data word,;
WSR high identifies Right data word
1 WSR high identifies Left data word,;
WSR low identifies Right data word
RCKP | Description RDIR | Description
0 Polarity is negative 0 Data shifted in MSB first
1 Polarity is positive 1 Data shifted in LSB first
RREL | Description RWL1[RWLO] BitsWord
0 WSR occurs with 1st bit 0 0 16
1 WSR occurs 1 cycle earlier —1 0 1 24
1 0 32
RDWT | Description 1 1 Reserved
0 First 24 bits transferred
1 Last 24 bits transferred —
ROEN| Description
0 Receiver 0 disabled |
RXIE | Description 1 Receiver 0 enabled
0 Receiver interrupts disabled
1 Receiver interrupts enabled
R1EN| Description
— 0 Receiver 1 disabled
RXIL | Description .
0 Rx interrupt vector location at $1x ! Receiver 1 enabled
1 Rx interrupt vector location at $4x
RMST| Description
RLDF | Description—Read Only Status Bit 0 SAl slave
0 Left data register empty 1 SAIl master
1 Left data register full
RRDF | Description—Read Only
0 Right data register empty
1 Right data register full
¢ Y Y Y Y Y Y "F_H
23 16 15 14 13 1211 10 9 8,7 6 5 4,3 2 1 O
* RRDF|RLDF| ke | RXIL | RXIE [RDWT|RREL|RCKP[RLRS|RDIR (RWL1[RWLO[RMST| oke [RIEN|ROEN

Receiver Control/Status Register (RCS) X:$FFE1 Reset = $0000

<% = Reserved, write as 0

Figure A-13 SAl Receiver Control/Status Register (RCS)
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Application: Date:
Programmer:
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TLRS | Description
S . A . I . 0 WST low identifies Left data word;

WST high identifies Right data word
1 WST high identifies Left data word,;
WST low identifies Right data word

TCKP | Description
0 Polarity is negative
1 Polarity is positive

TDIR| Description
0 Data shifted out MSB first
1 Data shifted out LSB first

TREL | Description
0 WSR occurs with 1st bit

1 | WSRoccurs 1 cycle earlier TWL1[ TWLO] Number of Bits/Word
0 0 16
— 0 1 24
TDWE | Description 1 0 32
0 Last bit transmitted 8 times 1 1 Reserved
1 First bit transmitted 8 times
TOEN | Description
0 Transmitter 0 disabled
TXIE | Description 1 Transmitter O enabled
0 Transmitter interrupts disabled
1 Transmitter interrupts enabled —
T1EN | Description
0 Transmitter 1 disabled | _
1 Transmitter 1 enabled
TXIL | Description
0 Tx interrupt vector location at $1x
1 Tx interrupt vector location at $4x T2EN | Description

0 Transmitter 2 disabled
1 Transmitter 2 enabled

TLDE | Description—Read Only

0 Left data register full ] TMST| Description
1 Left data register empty 0 SAl slave |
1 SAIl master
TRDE | Description—Read Only
0 Right data register full
1 Right data register empty
\J
\J \ A Y vy Y Y
23 16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
* TRDE(TLDE| ofe [ TXIL|TXIE [TDWE TREL [TCKP|TLRS| TDIR [ TWL1|TWLO[TMST|T2EN [T1EN| TOEN
0 0

+% = Reserved, write as 0 Transmitter Control/Status Register (TCS) X:$FFE4 Reset = $0000

Figure A-14 SAI Transmitter Control/Status Register (TCS)
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Figure A-15 SAI Baud Rate Control and Receive Data Registers
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Al

INTRODUCTION

Several examples illustrating the use of the DSP in common audio applications are
presented in this section. The examples assume that the DSP is in the SRAM mode
and configured for 0 wait states, 24-bit words, and an 8-bit bus (12 clock
cycles-per-word transfer).

A.2

TYPICAL SYSTEM TOPOLOGY

Figure A-1 shows the topology of a typical DSP audio application.

SRAM/
DRAM
A A _|_|< Left front
v Stereo D/A
MA17:0 MD7:0 —L|< Right front
12S/SONY
12S/SONY TRO
Stereo A/D > RECO _|_|< Left rear
2
CONSUMER  TR1 F>/SONYlgiere0 D/A
12S/SONY AUDIO DSP —L|< Right rear
Stereo A/D » REC1
TR2 12S/SONY
GPIO SHI  EXTAL _,—|< Left effects
0 A ? Stereo D/A
v ¥ —|—|< Right effects
HOST
PROCESSOR L External Sinusoidal Clock Source
AA0259k
Figure A-1 Topology of DSP Typical Audio Application
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A.3 PROGRAM OVERLAY

The following routine illustrates a program overlay by replacing N instruction words
in the internal program memory. The EMI operates in the linear SRAM mode (EAM
(3:0) = 0) with 0 wait states. It is also assumed that the external memory device
(EPROM/SRAM) receives its chip select from GPI1O3.

overl ay

novep #Q._SRAM x: ECSR ; RAM definition

novep $000f 07x, x: GPl AR ; assert @GPl - enable CS

novep #>EXT_PROG BUF, x: EBARO ; start address of external buffer

novep #0, x: ECRO ; drive 1st read trigger

nove #>| NT_PROG BUF, r 0 ; start address of internal buffer

novep #0, x: ECRO ; drive 2nd read trigger

bset #ERTS, x: ECSR ; set read triggers by reading EDDR

do #(N-2),end_QL ; loop to drive nore (N2) triggers

rep #1

nop

novep x: EDRRO, p: (r0) + ; move previous read data to PMEM and
; trigger next read cycle

end_CL

bcl r #ERTS, x: ECSR ; turn off read triggers by EDRR read

novep x: EDRRO, p: (r0) + ; move instruction #N-1 to PMEM

novep x: EDRRO, p: (r0)+ ; nmove instruction #N to PMVMEM

bset #CGPI R x: GPI AR ; negate GPIB - disable CS

A.4  SINGLE DELAY LINE

The following routine is an example of a single delay line, as illustrated in
Figure A-2. This type of routine is typically used in surround sound or reverb
applications.

Del ay_Li ne

novep #RAM x: ECSR ; use EINR = 1.

novep y:Wite _Of, x: EWR ; optional change of wite offset
novep y: Del ay Base, x: EBARD ; | oad base address

novep #(T_dly-1), x: EORO ; read trigger for del ayed sanpl e
novep X: SAMPLE, x: EDWRO ; Wite trigger for current sanple
novep x: EBARD, y: Del ay_Base ; store updated base address

nop ; nop or ot her

novep x: EDRRO, yO ; read the del ayed data
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x(n) x(n-T)
—_— Delay T —>
Current Sample Delayed Sample
AAQ447

Figure A-2 Single Delay Line

A.5 EARLY REFLECTION FILTER

The following routine is an example of an N-taps Early Reflection filter to perform
the following computation:

y (N) = SUM [{i = 1...N} g(i) x(n-T (i))]

novep #RAM x: ECSR . ECSRwith EEINW= 1
nove #GA N Base, r4 ; gain table base
nove #Of_Base, r0 ; offset table base
novep y: FI R_Base, x: EBARO ; FIR base address
novep x: (r0)+, x: ECRO ; drive 1st read cycle
clr a X:(r0)+,x0 y:(r4)+,y0 ; fetch 1st gain and 2nd del ay
do #(N-1),end_E
novep x0, x: ECRO ; initiate next read
; trigger
nop ; nop or ot her
nop ; nop or other
novep x: EDRRO, x1 ; read current data
nac x1,y0,a x:(r0)+ x0 y: (rd4)+,y0
; sum fetch next gain and of f set
nop ; nop or ot her
end_E
novep X: SAMPLE, x: EDWRO ; Wite current sanple to delay line.
;s BAOR =0
nop ; nhop or ot her
novep x: EDRRO, x1 ; read last data
nacr x1,y0, a ; conpute the out put
novep x: EBARD, y: FI R Base ; store FIR base
nove a, x: Fl R_out put ; store result in internal menory
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A.6 TWO CHANNEL COMB FILTER

The following program implements a two channel (left and right) comb filter
structure in which gain and delays are not equal. This type of program is typically
used in surround sound and reverb applications. The filter structure is illustrated in
Figure A-3. This example makes extensive use of the dual channel capability and
pipeline mechanism of the EMI. The code is optimized for SRAM (0 wait-state) 24-bit
words and 8-bit bus (6 instruction cycles per access). In the event that another EMI
mode is being selected, NOP instructions might be added in the noted points (#1, #2,
and #3). The optimized code for Fast DRAM mode, 24-bit words and 8-bit bus (7 I ¢y¢
per access and data available for read at last I, of the access) is achieved by adding
4 NOP instructions at point #3. This code assumes EWOR is already loaded with
offset zero.

; dual _conb
nove #<Base_buff,r0 ; pointer to base address val ues
nove #<OIf_buff,rl ; pointer to offset (delay)val ues
nove #<Gi n_buff,r2 ; pointer to gains val ues
nove #<SAMWPLE, r4 ; pointer to left/right sanples
nove #0, x0
nove #0, x1 ; X1 accurul ates right conb outputs
nove #0,y1 ; X1 accurul ates left conb outputs
novep #MCDE, x: ECSR c BENR=1, ERTS=0
do #N end_conb
nove x1, b ; load right channel out put
novep x: (r0), x: EBARO ; base address of |eft channel
novep x:(rl), x: ECRO ; read trigger of left channel
novep y: (r0), x: EBARL ; base address of right channel
novep y:(rl), x: ECRL ; read trigger of right channel
add x0,b x:(r2),x0 y:(r4),a
; get left sanple and gai n val ues
novep x: EBARO, x: (r0) ; update base address |eft
; point (#1} ; insert “nop or other”
; instructions if required
novep x: EDRRO, yO ; read data of |eft channel
nacr x0,y0,a d, x1 ; conpute input to delay buffer
; (left) and store right channel out put
novep a, X: EDWRO ; insert input in delay buffer (left)
nove yl,b ; load | eft channel output
add y0,b y;(r2)+,y0 x:(r4),a ; get right sanple and gain val ues
novep x: EBARL, y: (r0) + ; update base address (right)
; point (#2} ; insert “nop or other”
; instructions if required
novep x: EDRR1, x0 ; read data of right channel
nacr x0,y0,a b,yl ; conpute input to delay buffer (right) and
; store |l eft channel output
novep a, X: EDWRL ; insert input in delay buffer (right)
; point (#3} ; insert “nop or other”
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nop

nop

end conb

nove x1, b

add x0,b y1,y:out_|eft
nove b, x: out _ri ght

instructions if required

nop or ot her
nop or ot her

; store | eft output

; store right output

Delay T,

G,

Comb Filters for One Channel

X Y
Base Base
ro —| Buffers r0 —| Buffers
(Left) (Right)
Offset Offset
r1 —{ Buffers rl ——{ Buffers
(Left) (Right)
Gain Gain
r2 ——»| Buffers r2 —| Buffers
(Left) (Right)
Sample Sample
r4 ™1 (Lefy 14— (Right)
AA0448
Figure A-3 Two-Channel Comb Filter Structure
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A.7

3-TAP FIR FILTER

The following program implements a 3-tap FIR filter. This type of program is
typically used in generating early reflection information for surround sound and
reverb applications. The filter structure is illustrated in Figure A-4. This code
segment assumes accesses of 16-bit words on an 8-bit bus, “fast” DRAM timing (26
instruction cycles), and 0-wait state SRAM timing (20 instruction cycles).

Number of memory storage locations = T3(seconds) x fs (Hz).
For a 50 ms delay and 44.1 KHz sampling rate: 0.05 x 44100 = 2205 locations.
FIR Filter Assembler Code (EMI mode: increment EBAR on write operation):

novep x: FI R_BASE, x: EBARO ; set FIR base address
novep #T1_OFF, x: ECRO ; offset T1 and trigger mem read
; wait 3 (DRAM or 1 (SRAM inst.
; cycles or do other tasks
novep #T2_COFF, x: ECRO ; offset T2 and trigger mem read
clr a x: GL, x0 ; get Gl clear accumul at or
novep x: EDRRO, yO ; get x(n-T1)
novep #T3_COFF, x: ECRO ; offset T3 and trigger r mem read
nac x0, y0, a x: @, x0 ; y(n) = Gl x(n-T1),get &
; wait 2 (DRAM or 0O(SRAV
; inst. cycles or do other tasks
novep x: EDRRO, y0 get x(n-T2)
nac x0,y0,a x:G3,x0 y(n) —y(n)+(2 x(n-T2)
; get G3, wait 4 (DRAMor 2 (SRAM inst. cycles
; or do other tasks
novep x: EDRRO, y0 ; get x(n-T3)
novep X: SAMPLE, x: EDWRO ; store x(n) in mem
nac x0, y0, a ; calculate y(n) = y(n) + G x(n-T3)
x(n-T1) x(n-T2) x(n-T3)
x(n) — Delay T1 > Delay T2 > Delay T3
Y Y 1
Gain G1 Gain G2 Gain G3
y(n)=G1lx(n-T1)+G2x(n-T2)+G3x (n-T3) AA0449
Figure A-4 3 Tap FIR Filter
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Programming Reference

B.1 INTRODUCTION

This section has been compiled as a reference for programmers. It contains a memory
map showing the addresses of all the DSP’s memory-mapped peripherals, an
interrupt priority table, an instruction set summary, and programming sheets for all
the programmable registers on the DSP. The programming sheets are grouped by the
central processor and each peripheral, and provide room to write in the value of each
bit and the hexadecimal value for each register. The programmer can photocopy
these sheets and reuse them for each application development project.

B.2 PERIPHERAL ADDRESSES

Figure B-1 is a memory map of the on-chip peripherals showing their addresses in
memory.

B.3 INTERRUPT ADDRESSES

Table B-1 on page B-5 lists the interrupt starting addresses and sources.

B.4 INTERRUPT PRIORITIES

Table B-2 on page B-6 lists the priorities of specific interrupts within interrupt
priority levels.

B.5 INSTRUCTION SET SUMMARY

Table B-3 on page B-7 summarizes the instruction set. For more detailed information
about the instructions, consult the DSP56000 Family Manual.

B.6 PROGRAMMING SHEETS

Figure B-2 on page B-14 through Figure B-17 on page B-29 are programming sheets
for the complete set of programmable registers on the DSP.
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23 16 15 87 0

X:$FFFF [interrupt Priority Register (IPR)
X:$FFFE Reserved
X:$FFFD PLL Control Register (PCTL)
X:$FFFC Reserved
X:$FFFB Reserved
X:$FFFA Reserved
X:$FFF9 Reserved
X:$FFF8 Reserved
X:$FFF7 GPI1O Control/Data Register (GPIOR)
X:$FFF6 EMI Write Offset Register (EWOR)
X:$FFF5 Reserved
X:$FFF4 Reserved
X:$FFF3 SHI Receive FIFO/Transmit Register (HRX/HTX)
X:$FFF2 SHI I2C Slave Address Register (HSAR)
X:$FFF1 ISHI Host Control/Status Register (HCSR)
X:$FFFO SHI Host Clock Control Register (HCKR)
X:$FFEF EMI Refresh Control Register (ERCR)
X:$FFEE EMI Data Register 1 (EDRR1/EDWR1)
X:$FFED EMI Offset Register 1 (EOR1)
X:$FFEC EMI| Base Address Register 1 (EBAR1)
X:$FFEB EMI Control/Status Register (ECSR)
X:$FFEA EMI Data Register 0 (EDRRO/EDWRO)
X:$FFE9 EMI Offset Register 0 (EORO)
X:$FFE8 EMI Base Address Register 0 (EBARO)
X:$FFE7 SAI TX2 Data Register (TX2)
X:$FFE6 SAI TX1 Data Register (TX1)
X:$FFE5 SAI TX0 Data Register (TX0)
X:$FFE4 SAI TX Control/Status Register (TCS)
X:$FFE3 SAl RX1 Data Register (RX1)
X:$FFE2 SAlI RX0 Data Register (RX0)
X:$FFE1 SAI RX Control/Status Register (RCS)
X:$FFEO SAl Baud Rate Control Register (BRC)
X:$FFDF Reserved
X:$FFDE Reserved
X:$FFDD Reserved
X:$FFDC Reserved
X:$FFDB Reserved
X:$FFDA Reserved
X:$FFD9 Reserved
X:$FFD8 Reserved
X:$FFD7 Reserved
X:$FFD6 Reserved
X:$FFD5 Reserved
X:$FFD4 Reserved
X:$FFD3 Reserved

© ] T T
X:$FFCO I Reserved

|:| = Unused and reserved. Read as a random number. To ensure future compatibility, do not write to these registers.

|:| = Unused and reserved. Consult the appropriate chapter for information on how to ensure future compatibility.

Figure B-1 On-chip Peripheral Memory Map
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Table B-1 Interrupt Starting Addresses and Sources

Interrupt IPL Interrupt Source
Starting Address

P:$0000 3 |Hardware RESET

P:$0002 3 |Stack Error

P:$0004 3 |Trace

P:$0006 3 |Swi

P:$0008 0-2 |IRQA

P:$000A 0-2 |IRQB

P:$000C Reserved

P:$000E Reserved

P:$0010 0—2 |SAIl Left Channel Transmitter if TXIL =0

P:$0012 0-2 |SAl Right Channel Transmitter if TXIL =0

P:$0014 0—2 [SAI Transmitter Exception if TXIL =0

P:$0016 0-2 |SAI Left Channel Receiver if RXIL =0

P:$0018 0-2 |SAIl Right Channel Receiver if RXIL =0

P:$001A 0-2 [SAIl Receiver Exception if RXIL =0

P:$001C Reserved

P:$001E 3 |NMI

P:$0020 0-2 [SHI Transmit Data

P:$0022 0—2 |SHI Transmit Underrun Error

P:$0024 0-2 |SHI Receive FIFO Not Empty

P:$0026 Reserved

P:$0028 0-2 [SHI Receive FIFO Full

P:$002A 0-2 |SHI Receive Overrun Error

P:$002C 0-2 [SHI Bus Error

P:$002E Reserved

P:$0030 0-2 |EMI Write Data

P:$0032 0-2 |EMI Read Data

P:$0034 0-2 |EMI EBARO Memory Wrap

P:$0036 0-2 |EMI EBAR1 Memory Wrap

P:$0038 Reserved

P:$003A Reserved

P:$003C Reserved

P:$003E 3 |lllegal Instruction

P: $0040 0-2 |SAI Left Channel Transmitter if TXIL =1

P: $0042 0-2 |SAIl Right Channel Transmitter if TXIL = 1

P: $0044 0-2 [SAIl Transmitter Exception if TXIL = 1

MOTOROLA
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Table B-1 Interrupt Starting Addresses and Sources (Continued)

Interrupt IPL Interrupt Source
Starting Address

P: $0046 0-2 [SAI Left Channel Receiver if RXIL = 1

P: $0048 0-2 [SAIl Right Channel Receiver if RXIL = 1

P: $004A 0-2 |SAIl Receiver Exception if RXIL = 1

P: $004C Reserved

P: $007E Reserved

Table B-2 Interrupt Priorities Within an IPL

Priority

|Interrupt

Level 3 (Nonmaskable)

Highest

Hardware RESET

lllegal Instruction

NMI

Stack Error

Trace

Lowest

SWiI

Levels 0, 1, 2 (Maskable)

Highest

IRQA (External Interrupt)

IRQB (External Interrupt)

SAl Receiver Exception

SAl Transmitter Exception

SAl Left Channel Receiver

SAl Left Channel Transmitter

SAl Right Channel Receiver

SAl Right Channel Transmitter

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

EMI EBARO Memory Wrap

EMI EBAR1 Memory Wrap

EMI Read Data

Lowest

EMI Write Data

B-6
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Table B-3 Instruction Set Summary (Sheet 1 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s|L|ElulN|Z|VIC

ABS D (parallel move) I+mv [ 2+4my|*[*|*|*][*|*|*|—
ADC S,D (parallel move) 1+mv |2+mv IR P [ ) e e
ADD S,D (parallel move) 1+mv |2+mv x| x| x| w]x]x] =
ADDL SD (parallel move) 14+mv [ 2+my|*|*|[*|*]*][x]|2]=*
ADDR S,D (parallel move) I+mv [ 24my|*[*|*|*[*[*|*|*
AND S,D (parallel move) l1+mv |[2+mv|*|* ?1?|0|—
AND(I) #xx,D 1 2 2121212121212
ASL D (parallel move) 1+mv |2+ my|*[*|*|*|*|*]|?|?
ASR D (parallel move) l1+mv |2+mv i R I I R K0 D 4
BCHG #n,X:<aa> l+ea |4+mvb|?(?|?|?|?|?|?|?

#n,X:<pp>

#n,X:.<ea>

#n,Y .<aa>

#n,Y:<pp>

#n,Y .<ea>

#n,D
BCLR #n,X:<aa> l+ea |[4+mvb|?|?(?|?(?|?(?|?

#n,X:<pp>

#n,X.<ea>

#n,Y . <aa>

#n,Y:<pp>

#n,Y .<ea>

#n,D
BSET #n,X:<aa> l+ea |4+mvb|?(?[?|?2|?|?]|?|?

#n,X:<pp>

#n,X.<ea>

#n,Y .<aa>

#n,Y:<pp>

#n,Y .<ea>

#n,D
— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table B-3 Instruction Set Summary (Sheet 2 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [ElulNn]z]v

BTST #n,X:<aa> l+ea |4+ mvb—*

#n,X:<pp>

#n,X:<ea>

#n,Y .<aa>

#n,Y:<pp>

#n,Y .<ea>

#n,D
CLR D (parallel move) 1+mv [2+mv|*[*|?|?]?|?|?|—
CMP S1,S2 (parallel move) 1+myv | 2+my|*|[*|*|*|*|*|*
CMPM S1,S2 (parallel move) 1+myv |2+ my|*|[*|*|*|*|*]|*
DEBUG 1 4
DEBUGcc 1 4
DEC D 1 2 x| % | %[ % | *|*
DIV S,D 1 2 |4* ?
DO X:<ea>,expr 2 6+mv|*|*

X:<aa>,expr

Y:<ea>,expr

Y:<aa>,expr

HXXX, expr

S,expr
ENDDO 1 2
EOR S,D (parallel move) 1+mv |[2+mv|*|* ?21?|0—
ILLEGAL 1 8
INC D 1 2 1 x | % | %% | *|*
Jcc XXX l+ea 4+ jx
JCLR #n,X:<ea>,XxXxX 2 6+jx |*|*

#n,X.<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y .<ea>,XXXX

#n,Y :<aa>,XXXX

#N,Y :<pP>,XXXX

#n,S,XXXX

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table B-3 Instruction Set Summary (Sheet 3 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [eElulNnlz]v]c
JMP XXXX l+ea 4+ jx
ea
JScc XXXX l+ea 4+ jx
ea
JSCLR #n,X:<ea>,XXXX 2 6+jx |*|*

#n,X:<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y:<ea>,XXXX

#n,Y .<aa>,XXXX

#N,Y:<pp>,XXXX

#N,S, XXXX

JSET #n,X:<ea>,XXXx 2 6+jx |*|*

#n,X:<aa>,XXXX

#Nn,X:<pp>,XXXX

#n,Y .<ea>,XXXX

#n,Y:<aa>,XXXX

#N,Y:<pp>,XXXX

#N,S,XXXX
JSR XXX l+ea | 4+
ea
JSSET #n, X:<ea>, XXXX 2 6+jx |*|*

#n,X:<aa>,XXXX

#n,X:<pp>,XXXX

#n,Y:<ea>,XXXX

#n,Y .<aa>,XXXX

#N,Y:<pp>,XXXX

#n,S,XXXX
LSL D (parallel move) 1+mv |2+ mv|*|* ?|?10(?
LSR D (parallel move) 1+mv |[2+mv|*|* ?1?10(?
LUA <ea>,D 1 4
MAC (#)s2,51,D (parallel move) 1+myv [2+4my|*[*|*|*|[*|*|*|—

(¥)S1,52,D (parallel move)

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)

0 indicates that the bit is cleared
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Table B-3 Instruction Set Summary (Sheet 4 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s|L [ElulNlz]v]c
(®)S,#n,D (no parallel move) 1 2
MACR (¥)S2,S1,D (parallel move) 1+mv (24 my|*[*|*|*[*|*|*|—
(x)s1,s2,D (parallel move)
(x)S,#n,D (no parallel move) 1 2
MOVE S,D 1+mv |[2+mv|*|*
No parallel data move () mv mv
Immediate short (e )#xx,D mv mv
data move
Register to register (.....)S,D mv mv | *|*
data move
Address register update (.....)ea mv mv
X memory data move (....)X:<ea>D mv mv | *[*
(.....)X:<aa>D
(.....)S,X:<ea>
(.....)S,X:<aa>
(eeee ) BXOXXXXX,D
Register and X memory (.....)X:<ea>D1 |S2,D2 mv mv | *|*
data move (....)S1,X:<ea> [S2,D2
(e )BXxxxxx,D1  |S2,D2
(....)A X:<ea> X0,A
(.....)B,X:<ea> X0,B
Y memory data move (....)Y:<ea>D mv mv | *[*
(.....)Y:<aa>D
(.....)S,Y:<ea>
(.....)S,Y:<aa>
(eee ) BXOXOXXXX,D
Register and Y memory (.....)81,D1 Y:.<ea>D2 mv mv | *|*
data move (....)S1,D1 S2,Y:<ea>
(.....)81,D1 HXXXXXX,D2
(...-)YO,A AY:<ea>
(.....)YO,B B,Y:<ea>

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table B-3 Instruction Set Summary (Sheet 5 of 7)

Mnemonic

Syntax

Parallel Moves

Instruction
Program
Words

Osc.
Clock
Cycles

Status Request
Bits:

LIE|JU|IN|Z|V|C

Long memory data move

)L:<ea>,D

mv

mv

)L:<aa>,D

)S,L:<ea>

)S,L:<aa>

XY memory data move

)X:<eax>,D1

Y:<eay>D2

mv

mv

)X:<eax>,D1

S2,Y:<eay>

)S1,X:<eax>

Y:<eay>D2

)S1,X:<eax>

S2,Y:<eay>

MOVE(C)

X.<ea>,D1

1l+ea

2 +mvc|?

X:<aa>,D1

S1,X:<ea>

S1,X:<aa>

Y.<ea>,D1

Y:<aa>,D1

Sl1,Y:<ea>

S1,Y:<aa>

S1,D2

S2,D1

HXXXX,D1

#xx,D1

MOVE(M)

P:<ea>,D

1l+ea

2+
mvm

S,P:<ea>

S,P:<aa>

P:<aa>,D

MOVE(P)

x:<pp>yD

1+ea

2+ mvp|~

X:<pp>,X:<ea>

X:<pp>,Y:<ea>

X:<pp>,P:<ea>

S, Xi<pp>

HXXXXXX, X:<pp>

X:<ea> X:<pp>

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared

MOTOROLA

DSP56004 User’'s Manual

B-11




Programming Reference

Table B-3 Instruction Set Summary (Sheet 6 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s|L [ElulNlz]v]c

MOVE(P) [|Y:<ea>X:<pp>
(continued)

P:<ea>X:<pp>

Y:<pp>,D

Y:<pp>,X:<ea>

Y:<pp>,Y:<ea>

Y:<pp>,P:<ea>

S,Y:<pp>

HXXXXXX, Y :<pp>

X:<ea>Y:<pp>

Y:<ea>,Y:<pp>

P:<ea>,Y:<pp>
MPY (¥)S2,S1,D (parallel move) 1+mv (24 my|*[*|*|*|[*|*|*|—

(x)s1,s2,D (parallel move)

(x)S,#n,D (no parallel move) 1 2
MPYR (#)s2,51,D (parallel move) 1+myv [2+my|*[*|*|*|[*|*|*|—

(¥)S1,S2,D (parallel move)

(®)S,#n,D (no parallel move) 1 2
NEG D (parallel move) 1+mv |2+ my|*|[*|*|*|*|*|*|—
NOP 1 2
NORM Rn,D 1 2 | HF|F R ?
NOT D (parallel move) 1+mv |[2+mv|*|* ?1?|0—
OR S,D (parallel move) 1+mv |[2+mv|*|* ?1?|0}—
ORI #xx,D 1 2 ?20?21?(?(?|?|?|?
REP X:<ea> 1 4+mv|?

X:<aa>

Y:<ea>

Y:<aa>

S

HXXX
RESET 1 4
RND D (parallel move) 1+myv [2+my|*|[*|*|*|*|*|*|—

— indicates that the bit is unaffected by the operation

* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in

Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Table B-3 Instruction Set Summary (Sheet 7 of 7)

Mnemonic Syntax Parallel Moves Instruction| Osc. | Status Request
Program | Clock Bits:
Words |Cycles|s| [ElulNnlz]v]c

ROL D (parallel move) 1+mv |[2+mv * 2202

ROR D (parallel move) 1+mv |[2+mv|*|* ?|?10(?

RTI 1 4+ rx ?2(?21?2(?(?(?|?

RTS 1 4+ rx

SBC S,D (parallel move) 1+mv |2+mv x| k| * | * | x| x| *

STOP 1 n/a

SUB S,D (parallel move) 1+mv |2+mv x| k| * | * | x| x| *

SUBL S,D (parallel move) 1+mv |2+mv w| x| [ x[x]2] *

SUBR S,D (parallel move) 1+mv |2+mv x| k| * | * | x| x| *

SWI 8

Tcc S1,D1 2

S1,D1 S2,D2

TFR S,D (parallel move) 1+mv |[2+mv|*|*

TST S (parallel move) 1+mv | 2+mv!l*[*[*|*|*|*|0|—

WAIT 1 n/a

— indicates that the bit is unaffected by the operation
* indicates that the bit may be set according to the definition, depending on parallel move conditions
? indicates that the bit is set according to a special definition. See the instruction descriptions in
Appendix A of the DSP56000 Family Manual (DSP56KFAMUM/AD)
0 indicates that the bit is cleared
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Application:

Date:

Programmer:

Sheet 1 of 4

ICENTRAL PROCESSOR]

Carry

Overflow

Zero

Negative
Unnormalized

Extension

Limit
FFT Scaling

Interrupt Mask

Scaling Mode

Reserved
Trace Mode

Double Precision Multiply Mode
Loop Flag ‘l

15 14 13 12

}
)

)
-¢
)
-¢

LF
Status Register (SR)

Read/Write

DM

T

*
0

[ee]
0|~
| O =
miol
Clhd =
Zlw =
NN
<| -
0|0 =

Reset = $0300

N B

Mode Register (MR)

* = Reserved, write as 0

Note: The operation and function of the Status Register is detailed in the
DSP56000 Family Manual

Condition Code Register (CCR)

Figure B-2 Status Register (SR)

B-14 DSP56004 User’s Manual

MOTOROLA



Programming Reference

Date:

Application:

Programmer:

Sheet 2 of 4

0 SE a1UM ‘panesay = F

O O 000000%$ = 18say
alIM/peay 4444$:X

0{0]010 0[{0|0[{0[0[0 [0 |0 Cud)esiboy
ow| Twi| zwi| orar| | zia| | K| | ¥ [orws| 1vs|otms|tns [omafrma| K| K| R | K| X[ K[ K| ¥ Awoud ydniisul
0O T ¢ €'y 9 9 L'8 6 0T TT'CT €T ¥T QT 9T LT 8T 6T 0Z T¢ ¢¢ €¢

— — I\ — _ \ J\ n
A A A ﬂ
4 S9A T T
T S9A 0 T
0 SOA T 0
— ON 0 0
dl pajqeus | 071N | TN
1dl IN3
r4 SaA 1 T M MMW M H
; oo > : 0 SOA T 0
0 S9A T 0 abp3 ‘BaN T
_ | % — | on o | o
- > 0 s 0 Idl | pejgeus | 0TTHS | TTHS
dl | pejqeus | 014l | T4l 1966111 Zvl
apo goul 1dl IHS
14 S9A T T . -~ - -
; o 0 : T S9A 0 T
L 0 SOA T 0 abp3 BaN T . oo ° :
—_ ON 0 0 ELER] 0 o on . o
1di_| paiqeus [ 0vi | 1l 1966111 2yl
PO YOI 1di_| paigeus [ovs [ T1vs
1dl IVS

[4OSS3D0dd TVHINID]

Figure B-3 Interrupt Priority Register (IPR)
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Figure B-5 PLL Control Register (PCTL)
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Figure B-6 EMI Control/Status Register (ECSR)
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Figure B-9 EMI Refresh Control Register (ERCR)
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Figure B-12 SHI Control/Status Register (HCSR)
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S.A.lL
RLRS | Description
0 WSR low identifies Left data word,;
WSR high identifies Right data word
1 WSR high identifies Left data word,;
WSR low identifies Right data word
RCKP | Description RDIR | Description
0 Polarity is negative 0 Data shifted in MSB first
1 Polarity is positive 1 Data shifted in LSB first
RREL | Description RWL1[RWLO] BitsWord
0 WSR occurs with 1st bit 0 0 16
1 WSR occurs 1 cycle earlier —1 0 1 24
1 0 32
RDWT | Description 1 1 Reserved
0 First 24 bits transferred
1 Last 24 bits transferred —
ROEN| Description
0 Receiver 0 disabled |
RXIE | Description 1 Receiver 0 enabled
0 Receiver interrupts disabled
1 Receiver interrupts enabled
R1EN| Description
— 0 Receiver 1 disabled
RXIL | Description .
0 Rx interrupt vector location at $1x ! Receiver 1 enabled
1 Rx interrupt vector location at $4x
RMST| Description
RLDF | Description—Read Only Status Bit 0 SAl slave
0 Left data register empty 1 SAIl master
1 Left data register full
RRDF | Description—Read Only
0 Right data register empty
1 Right data register full
¢ Y Y Y Y Y Y "F_H
23 16 15 14 13 1211 10 9 8,7 6 5 4,3 2 1 O
* RRDF|RLDF| ke | RXIL | RXIE [RDWT|RREL|RCKP[RLRS|RDIR (RWL1[RWLO[RMST| oke [RIEN|ROEN

Receiver Control/Status Register (RCS) X:$FFE1 Reset = $0000

<% = Reserved, write as 0

Figure B-13 SAIl Receiver Control/Status Register (RCS)
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Application: Date:
Programmer:
Sheet 2 of 4
TLRS | Description
S . A . I . 0 WST low identifies Left data word;

WST high identifies Right data word
1 WST high identifies Left data word,;
WST low identifies Right data word

TCKP | Description
0 Polarity is negative
1 Polarity is positive

TDIR| Description
0 Data shifted out MSB first
1 Data shifted out LSB first

TREL | Description
0 WSR occurs with 1st bit

1 | WSRoccurs 1 cycle earlier TWL1[ TWLO] Number of Bits/Word
0 0 16
— 0 1 24
TDWE | Description 1 0 32
0 Last bit transmitted 8 times 1 1 Reserved
1 First bit transmitted 8 times
TOEN | Description
0 Transmitter 0 disabled
TXIE | Description 1 Transmitter O enabled
0 Transmitter interrupts disabled
1 Transmitter interrupts enabled —
T1EN | Description
0 Transmitter 1 disabled | _
1 Transmitter 1 enabled
TXIL | Description
0 Tx interrupt vector location at $1x
1 Tx interrupt vector location at $4x T2EN | Description

0 Transmitter 2 disabled
1 Transmitter 2 enabled

TLDE | Description—Read Only
0 Left data register full

TMST| Description

1 Left data register empty 0 SAl slave |
1 SAIl master
TRDE | Description—Read Only
0 Right data register full
1 Right data register empty
\J
\J \ A Y vy Y Y
23 16 15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
* TRDE(TLDE| ofe [ TXIL|TXIE [TDWE TREL [TCKP|TLRS| TDIR [ TWL1|TWLO[TMST|T2EN [T1EN| TOEN
0 0

+% = Reserved, write as 0 Transmitter Control/Status Register (TCS) X:$FFE4 Reset = $0000

Figure B-14 SAI Transmitter Control/Status Register (TCS)
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Date:

Application:

Programmer:

Sheet 3 of 4
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Figure B-15 SAI Baud Rate Control and Receive Data Registers
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Date:

Application:

Programmer:

Sheet 4 of 4
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Figure B-16 SAIl Transmit Data Registers
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Programming Reference

Programmer:
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Cl

INTRODUCTION

Several examples illustrating the use of the DSP in common audio applications are
presented in this section. The examples assume that the DSP is in the SRAM mode
and configured for 0 wait states, 24-bit words, and an 8-bit bus (12 clock
cycles-per-word transfer).

C.2

TYPICAL SYSTEM TOPOLOGY

Figure C-1 shows the topology of a typical DSP audio application.

Figure C-1 Topology of DSP Typical Audio Application

SRAM/
DRAM
A A _|_|< Left front
v Stereo D/A
MA17:0 MD7:0 —L|< Right front
12S/SONY
12S/SONY TRO
Stereo A/D » RECO _|_< Left rear
2
CONSUMER  TR1 F-S/SONY | qicre0 DIA
12S/SONY AUDIO DSP —L|< Right rear
Stereo A/D » REC1
TR2 12S/SONY
GPIO SHI  EXTAL _,-|< Left effects
? A A Stereo D/A
v v —|—|< Right effects
HOST
PROCESSOR —— External Sinusoidal Clock Source
AA0259k
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C.3 PROGRAM OVERLAY

The following routine illustrates a program overlay by replacing N instruction words
in the internal program memory. The EMI operates in the linear SRAM mode (EAM
(3:0) = 0) with 0 wait states. It is also assumed that the external memory device
(EPROM/SRAM) receives its chip select from GPI1O3.

overl ay

novep #Q._SRAM x: ECSR ; RAM definition

novep $000f 07x, x: GPl AR ; assert @GPl - enable CS

novep #>EXT_PROG BUF, x: EBARO ; start address of external buffer

novep #0, x: ECRO ; drive 1st read trigger

nove #>| NT_PROG BUF, r 0 ; start address of internal buffer

novep #0, x: ECRO ; drive 2nd read trigger

bset #ERTS, x: ECSR ; set read triggers by reading EDDR

do #(N-2),end_QL ; loop to drive nore (N2) triggers

rep #1

nop

novep x: EDRRO, p: (r0) + ; move previous read data to PMEM and
; trigger next read cycle

end_CL

bcl r #ERTS, x: ECSR ; turn off read triggers by EDRR read

novep x: EDRRO, p: (r0) + ; move instruction #N-1 to PMEM

novep x: EDRRO, p: (r0)+ ; nmove instruction #N to PMVMEM

bset #CGPI R x: GPI AR ; negate GPIB - disable CS

C.4 SINGLE DELAY LINE

The following routine is an example of a single delay line, as illustrated in
Figure C-2. This type of routine is typically used in surround sound or reverb
applications.

Del ay_Li ne

novep #RAM x: ECSR ; use EINR = 1.

novep y:Wite _Of, x: EWR ; optional change of wite offset
novep y: Del ay Base, x: EBARD ; | oad base address

novep #(T_dly-1), x: EORO ; read trigger for del ayed sanpl e
novep X: SAMPLE, x: EDWRO ; Wite trigger for current sanple
novep x: EBARD, y: Del ay_Base ; store updated base address

nop ; nop or ot her

novep x: EDRRO, yO ; read the del ayed data

C-4 DSP56004 User’s Manual MOTOROLA
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x(n) x(n-T)
—_— Delay T —>
Current Sample Delayed Sample
AAQ447

Figure C-2 Single Delay Line

C.5 EARLY REFLECTION FILTER

The following routine is an example of an N-taps Early Reflection filter to perform
the following computation:

y (N) = SUM [{i = 1...N} g(i) x(n-T (i))]

novep #RAM x: ECSR . ECSRwith EEINW= 1
nove #GA N Base, r4 ; gain table base
nove #Of_Base, r0 ; offset table base
novep y: FI R_Base, x: EBARO ; FIR base address
novep x: (r0)+, x: ECRO ; drive 1st read cycle
clr a X:(r0)+,x0 y:(r4)+,y0 ; fetch 1st gain and 2nd del ay
do #(N-1),end_E
novep x0, x: ECRO ; initiate next read
; trigger
nop ; nop or ot her
nop ; nop or other
novep x: EDRRO, x1 ; read current data
nac x1,y0,a x:(r0)+ x0 y: (rd4)+,y0
; sum fetch next gain and of f set
nop ; nop or ot her
end_E
novep X: SAMPLE, x: EDWRO ; Wite current sanple to delay line.
;s BAOR =0
nop ; nhop or ot her
novep x: EDRRO, x1 ; read last data
nacr x1,y0, a ; conpute the out put
novep x: EBARD, y: FI R Base ; store FIR base
nove a, x: Fl R_out put ; store result in internal menory
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C.6 TWO CHANNEL COMB FILTER

The following program implements a two channel (left and right) comb filter
structure in which gain and delays are not equal. This type of program is typically
used in surround sound and reverb applications. The filter structure is illustrated in
Figure C-3. This example makes extensive use of the dual channel capability and
pipeline mechanism of the EMI. The code is optimized for SRAM (0 wait-state) 24-bit
words and 8-bit bus (6 instruction cycles per access). In the event that another EMI
mode is being selected, NOP instructions might be added in the noted points (#1, #2,
and #3). The optimized code for Fast DRAM mode, 24-bit words and 8-bit bus (7 I ¢y
per access and data available for read at last I, of the access) is achieved by adding
4 NOP instructions at point #3. This code assumes EWOR is already loaded with
offset zero.

; dual _conb
nove #<Base_buff,r0 ; pointer to base address val ues
nove #<OIf_buff,rl ; pointer to offset (delay)val ues
nove #<Gi n_buff,r2 ; pointer to gains val ues
nove #<SAMWPLE, r4 ; pointer to left/right sanples
nove #0, x0
nove #0, x1 ; X1 accurul ates right conb outputs
nove #0,y1 ; X1 accurul ates left conb outputs
novep #MCDE, x: ECSR c BENR=1, ERTS=0
do #N end_conb
nove x1, b ; load right channel out put
novep x: (r0), x: EBARO ; base address of |eft channel
novep x:(rl), x: ECRO ; read trigger of left channel
novep y: (r0), x: EBARL ; base address of right channel
novep y:(rl), x: ECRL ; read trigger of right channel
add x0,b x:(r2),x0 y:(r4),a
; get left sanple and gai n val ues
novep x: EBARO, x: (r0) ; update base address |eft
; point (#1} ; insert “nop or other”
; instructions if required
novep x: EDRRO, yO ; read data of |eft channel
nacr x0,y0,a d, x1 ; conpute input to delay buffer
; (left) and store right channel out put
novep a, X: EDWRO ; insert input in delay buffer (left)
nove yl,b ; load | eft channel output
add y0,b y;(r2)+,y0 x:(r4),a ; get right sanple and gain val ues
novep x: EBARL, y: (r0) + ; update base address (right)
; point (#2} ; insert “nop or other”
; instructions if required
novep x: EDRR1, x0 ; read data of right channel
nacr x0,y0,a b,yl ; conpute input to delay buffer (right) and
; store |l eft channel output
novep a, X: EDWRL ; insert input in delay buffer (right)
; point (#3} ; insert “nop or other”
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nop

nop

end conb

nove x1, b

add x0,b y1,y:out_|eft
nove b, x: out _ri ght

instructions if required

nop or ot her
nop or ot her

; store | eft output

; store right output

Delay T,

G,

Comb Filters for One Channel

X Y
Base Base
r0 —| Buffers r0 — Buffers
(Left) (Right)
Offset Offset
r1 —{ Buffers rl ——{ Buffers
(Left) (Right)
Gain Gain
r2 ——»| Buffers r2 —| Buffers
(Left) (Right)
Sample Sample
r4 ™1 (Lefy 14— (Right)
AA0448
Figure C-3 Two-Channel Comb Filter Structure
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C.7

3-TAP FIR FILTER

The following program implements a 3-tap FIR filter. This type of program is
typically used in generating early reflection information for surround sound and
reverb applications. The filter structure is illustrated in Figure C-4. This code
segment assumes accesses of 16-bit words on an 8-bit bus, “fast” DRAM timing (26
instruction cycles), and 0-wait state SRAM timing (20 instruction cycles).

Number of memory storage locations = T3(seconds) x fs (Hz).
For a 50 ms delay and 44.1 KHz sampling rate: 0.05 x 44100 = 2205 locations.
FIR Filter Assembler Code (EMI mode: increment EBAR on write operation):

novep x: FI R_BASE, x: EBARO ; set FIR base address
novep #T1_OFF, x: ECRO ; offset T1 and trigger mem read
; wait 3 (DRAM or 1 (SRAM inst.
; cycles or do other tasks
novep #T2_COFF, x: ECRO ; offset T2 and trigger mem read
clr a x: GL, x0 ; get Gl clear accumul at or
novep x: EDRRO, yO ; get x(n-T1)
novep #T3_COFF, x: ECRO ; offset T3 and trigger r mem read
nac x0, y0, a x: @, x0 ; y(n) = Gl x(n-T1),get &
; wait 2 (DRAM or 0O(SRAV
; inst. cycles or do other tasks
novep x: EDRRO, y0 get x(n-T2)
nac x0,y0,a x:G3,x0 y(n) —y(n)+(2 x(n-T2)
; get G3, wait 4 (DRAMor 2 (SRAM inst. cycles
; or do other tasks
novep x: EDRRO, y0 ; get x(n-T3)
novep X: SAMPLE, x: EDWRO ; store x(n) in mem
nac x0, y0, a ; calculate y(n) = y(n) + G x(n-T3)
x(n-T1) x(n-T2) x(n-T3)
x(n) — Delay T1 > Delay T2 > Delay T3
Y Y 1
Gain G1 Gain G2 Gain G3
y(n)=G1lx(n-T1)+G2x(n-T2)+G3x (n-T3) AA0449
Figure C-4 3 Tap FIR Filter
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PLL (Phase-Locked Loop)
Control Register (PCTL) B-17
PLL Signals 2-6
PLL Filter Off-Chip Capacitor (PCAP) 2-7
PMO0-PM7 (BRC Prescale Modulus Select) 6-10
Port A (External Memory Interface) 1-17
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Program Control Unit 1-11
Program Memory 1-13
Program Overlay C-5
Programming
3 Tap FIR Filter C-10
Early Reflection Filter C-6
Overlay C-5
SAIl Considerations 6-24
Single Delay Line C-5
Transmitter Clock Polarity (TCKP) 6-20

Transmitter Data Shift Direction (TDIR) 6-19

Transmitter Data Word Expansion
(TDWE) 6-21

Transmitter Left Right Selection (TLRS) 6-19

Two Channel Comb Filter C-7
Programming Model

EMI 4-5

GPIO 7-3

SAI 6-8

SHI—DSP Side 5-7

SHI—Host Side 5-6
Programming Sheets — See Appendix B
PSR (BRC Prescaler Range) 6-10

R

ROEN (RCS Receiver 0 Enable) 6-10
R1EN (RCS Receiver 1 Enable) 6-11
RCKP (RCS Receiver Clock Polarity) 6-13
RCS (Receiver Control/Status Register) 6-10
RDIR (RCS Receiver Data Shift Direction) 6-12
RDWT (RCS Receiver Data Word
Truncation) 6-14
RLDF (RCS Receiver Left Data Full) 6-16
RLRS (RCS Receiver Left Right Selection) 6-12
RMST (RCS Receiver Master) 6-11
RRDF (RCS Receiver Right Data Full) 6-16
RWLO-RWL1 (RCS Receiver Word Length
Control) 6-11
RX0 and RX1 (Receive Data Registers) 6-17
RXIE (RCS Receiver Interrupt Enable) 6-15
RXIL (RCS Receiver Interrupt Location) 6-15

S

SAl 6-3
Baud Rate Control Register (BRC) 6-9
Baud Rate Generator 6-4
BRC
Prescale Modulus Select 6-10

Prescaler Range 6-10
Reserved Bits 6-10

Initiating A Transmit Session 6-24

Internal Architecture 6-4

Internal Interrupt Priorities 6-9

Operation During Stop 6-24

Operation Under Irregular Conditions 6-25

Programming Considerations 6-24

Programming Model 6-8

RCS
Receiver 0 Enable 6-10
Receiver 1 Enable 6-11
Receiver Clock Polarity 6-13
Receiver Data Shift Direction 6-12
Receiver Data Word Truncation 6-14
Receiver Interrupt Enable 6-15
Receiver Interrupt Location 6-15
Receiver Left Data Full 6-16
Receiver Left Right Selection 6-12
Receiver Master 6-11
Receiver Relative Timing 6-13
Receiver Right Data Full 6-16
Receiver Word Length Control 6-11

Receive Data Registers 6-17

Receive Section 6-5

Receive Section Block Diagram 6-5

Receiver Clock Polarity (RCKP)
Programming 6-13

Receiver Clock Polarity Programming 6-13

Receiver Control/Status Register 6-10

Receiver Data Shift Direction (RDIR)
Programming 6-12

Receiver Data Word Truncation (RDWT)
Programming 6-14

Receiver Left Right Selection (RLRS)
Programming 6-12

Receiver Relative Timing (RREL)
Programming 6-14

Registers 6-8

Single Interrupt To Service Receiver And
Transmitter 6-24

TCS
Transmitter 0 Enable 6-17
Transmitter 1 Enable 6-17
Transmitter 2 Enable 6-18
Transmitter Clock Polarity 6-19
Transmitter Data Shift Direction 6-18
Transmitter Data Word Expansion 6-20
Transmitter Interrupt Enable 6-21
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Transmitter Interrupt Location 6-22
Transmitter Left Data Empty 6-22
Transmitter Left Right Selection 6-19
Transmitter Master 6-18
Transmitter Relative Timing 6-20
Transmitter Right Data Empty 6-23
Transmitter Word Length Control 6-18
Transmit Data Registers 6-23
Transmit Section 6-6
Transmit Section Block Diagram 6-7
Transmitter Clock Polarity
Programming 6-20
Transmitter Control/Status Register
(TCS) 6-17
Transmitter Data Shift Direction
Programming 6-19
Transmitter Data Word Expansion
Programming 6-21
Transmitter Left Right Selection
Programming 6-19
Serial Audio Interface — See Section 6
Serial Audio Interface (SAI) 1-10, 1-18, 6-3
Serial Audio Interface (SAI) Receiver
signals 2-18
Serial Audio Interface (SAI) Transmitter
signals 2-20
Serial Audio Interface Signal Descriptions 2-18
Serial Host Interface — See Section 5
Serial Host Interface (SHI) 1-10, 1-18, 5-3
Serial Host Interface (SHI) signals 2-14
Serial Peripheral Interface Bus 1-18, 5-3
SHI 1-18, 5-3
Block Diagram 5-5
Clock Control Register—DSP Side 5-9
Clock Generator 5-4, 5-5
Control/Status Register—DSP Side 5-13
Data Size 5-14
Exception Priorities 5-6
HCKR
Clock Phase and Polarity Controls 5-9
Divider Modulus Select 5-11
Prescaler Rate Select 5-11
HCKR Filter Mode 5-11
HCSR
Bus Error Interrupt Enable 5-16
FIFO Enable Control 5-14
Host Request Enable 5-14
Idle 5-15
Master Mode 5-14
Serial Host Interface 1°C/SPI
Selection 5-13

Serial Host Interface Mode 5-13
SHI Enable 5-13
Host Receive Data FIFO—DSP Side 5-8
Host Transmit Data Register—DSP Side 5-8
HREQ
Function In SHI Slave Modes 5-15
HSAR
1°C Slave Address 5-9
Slave Address Register 5-9
170 Shift Register 5-8
Input/Output Shift Register—Host Side 5-7
Internal Architecture 5-4
Internal Exception Priorities 5-6
Interrupt Vectors 5-6
Introduction 5-3
Operation During Stop 5-30
Programming Considerations 5-22
Programming Model 5-4
Programming Model—DSP Side 5-7
Programming Model—Host Side 5-6
Receive Data FIFO (HRX) 5-8
Receive Data FIFO—DSP Side 5-8
Slave Address Register—DSP Side 5-9
Transmit Data Register (HTX) 5-8
SHI Noise Reduction Filter Mode 5-12
Single Delay Line C-5
Single Delay Line Application C-5
Slow Read or Write DRAM Access Timing 4-58,
4-59, 4-60, 4-61, 4-62, 4-63
SPI 1-18, 5-3
HCSR
Bus Error (HBER) 5-18
Host Busy 5-18
Host Receive FIFO Not Empty
(HRNE) 5-17
Host Receive Overrun Error
(HROE) 5-18
Host Transmit Data Empty (HTDE) 5-17
Host Transmit Underrun Error 5-17
Receive Interrupt Enable 5-16
Host Receive FIFO Full (HRFF) 5-18
Master Mode 5-24
Slave Mode 5-23
SPI Data-To-Clock Timing 5-11
SPI Data-To-Clock Timing Diagram 5-11
SPI Mode 5-3
SR (Status Register) B-14
SRAM Read/Write Timing 4-64
SRAM Word Address to Physical Address
Mapping 4-26
Status Register (SR) B-14
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Stop Delay (SD) bit 3-9
T

TOEN (TCS Transmitter 0 Enable) 6-17

T1EN (TCS Transmitter 1 Enable) 6-17

T2EN (TCS Transmitter 2 Enable) 6-18

TCKP (TCS Transmitter Clock Polarity) 6-19

TCS 6-22

TDIR (TCS Transmitter Data Shift
Direction) 6-18

TDWE (TCS Transmitter Data Word
Expansion) 6-20

Timing Diagrams for DRAM Addressing
Modes 4-51

Timing Diagrams for SRAM Addressing
Modes 4-64

Timing Skew 1-12

TLDE (TCS Transmitter Left Data Empty) 6-22

TMST (TCS Transmitter Master) 6-18

TRDE (TCS Transmitter Right Data Empty) 6-23

TREL (TCS Transmitter Relative Timing) 6-20

TWLO-TWL1 (TCS Transmitter Word Length
Control) 6-18

TX0, TX1 and TX2 (SAl Transmit Data
Registers) 6-23

TXIE (TCS Transmitter Interrupt Enable) 6-21

TXIL (TCS Transmitter Interrupt Location) 6-22

Typical DSP56004/007 System Topology C-3

X
X Data Memory 1-15

Y

Y Data Memory 1-15
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