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Introduction

1.1 Introduction

Differing in size of memories and choice of peripherals, these multi-functional chips offer
exceptional application control using a Motorola-patented synchronization of the pulse
width modulator and analog-to-digital converter. The core provides more processing
power than any other control chip while saving design space and money. The
DSP56F801, DSP56F803, DSP56F805, and DSP56F807 are members of the DSP56800
core-based family of digital signal processors (DSPs). Combined on asingle chip are the
processing power of a DSP and the functionality of amicro controller and aflexible set of
peripherals. The chip design creates an extremely cost-effective and compact solution for
anumber of uses. The family of chips provide control for such applications as:

« AC induction motors (industrial and appliance--washing machines, HVAC, fans,
vacuums, and motor drives
« Brush DC motors—car window lifters and electric antennas, toys, cordless tools

» Brushless DC motors (automotive and appliance)—PC fans, ceiling fans, blowers,
washing machines, electric power steering systems

« Switched and variable reluctance motors—washing machines, electric power
steering, dynamic body control, refrigerator compressors, HVAC, fans, vacuums
and for the power control of:

» General converter/inverter applications
« Uninterruptable power systems—in-line, line interactive, and standby
* Inverter output stages—push-pull, half-bridge, and full bridge

Each of the four chips may be designed, at the minimum, into the following applications:

« Automotive control

* Power line modem

« Uninterruptable power supplies

» Telephony system implementation

* Noise cancellation applications
 Home security

» Temperature regulation

« HVAC applications

* Remote monitoring and control

» Digital telephone answering machine

DSP56F801/803/805/807 Overview 1-3
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* Fuel management systems
* Voice enabled appliances
« Cable test equipment
» Electric energy meter with embedded power line modem
« Underwater acoustics
» Glass breakage detection and security systems
« Traffic light control
* ldentification tag readers
In addition to the abovgeneral applications of each chip, the following are unique to a
specific chip:
DSP56F801 Unique applications include:
 Pumps
* Industrial fans
» Exercise equipment
* Smart appliances
e Compressors
* Noise cancellation
« HVAC
* Remote monitoring
« Tachometers
» Cable test equipment
* General purpose devices

DSP56F803 Unique applications include:

» Steppers and encoders
* Engine management

« HVAC

« UPS

 Home security
 Compressors

« |D tag readers
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DSP56800 Family Description

DSP56F805 Unique applications include:

DSP56F807 Unique applications include:

1.2

Automotive control
Temperature control
Compressors

General purpose devices

Regenerative drives
Glass breakage detection
Critical reliability drives
Cable test equipment
Remote monitoring
Automotive control

ID tag readers

Winder and pullers
General purpose devices

Conveyors

UPS

Servo drives

Fuel management systems
Underwater acoustics
Industrial frequency inverters
Noise cancellation

Lifts, elevators and cranes
General purpose devices

DSP56800 Family Description

The DSP56800 core is based on a Harvard architecture consisting of three execution units

operating in parallel. The MCU-style programming model and optimized instruction set

allow straightforward generation of efficient, compact DSP and control code. The
instruction set is highly efficient for C-compilers, enabling rapid development of
optimized control applications.
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DSP56800 Family Description

The DSP56F/803/805/807 chips support program execution from either internal or
external memories, providing two-external dedicated interrupt lines and up to 32
general-purpose input/output (GPIO) lines. The DSP controller includes program flash
and data flash, each programmable through the joint test action group (JTAG) port, with
progran RAM and data RAM. With the exception of the DSP56F801, the controller also
supports program execution for external memory. The DSP56800 core is capabl e of
accessing two data operands from the on-chip data RAM per instruction cycle.

A boot flash isincorporated for easy customer-inclusion of field-programmable software
routines and can be used to program the main program and data flash memory areas. Both
program and flash memories can be both bulk and page erased; however, while erasure is
being performed on the main program and /or data flash memories, the boot flash should
not be erased. All flash memories can be erased at once, if executing from a programmable
RAM.

A key application-specific feature of the device isthe inclusion of pulse width modulator
(PWM) modules. These modules each incorporate three complementary, individually
programmable PWM signal outputs. To enhance motor control functionality, each
module, except the DSP56F801, is also capable of supporting six independent PWM
functions, for atotal of 12 PWM outputs. Complementary operation permits
programmabl e dead-time insertion, distortion correction through current sensing by
software, and separate top and bottom output polarity control. The up-counter valueis
programmable to support a continuously variable PWM frequency. Both edge- and
center-aligned synchronous pulse width-control, full zero percent to 100 percent
modulation, are supported. The deviceis capable of controlling most motor types. AC
induction motors (ACIM), both brushless (BLDC) and brush DC motors (BDC), switched
(SRM) and variable reluctance motors (VRM), and stepper motors.

Fault protection and cycle-by-cycle current limiting are incorporated in PWMs with
sufficient output drive capability to directly drive standard opto-isolators. A smoke-inhibit
write-once protection feature for key parametersis also included. A patented PWM
waveform distortion correction circuit is provided as well. Each PWM is double-buffered
and includes interrupt controls permitting integral reload rates programmable from one to
16. The PWM modules provide areference output to synchronize the analog-to-digital
converters.

There are a couple of feature parts incorporated in the DSP56F801/803/805/807, too.
Included are several four-input multiplexed 12-bit analog-to-digital converters (ADC) and
quadrature decoders. Each is capable of capturing transitions on the two-phase inputs,
permitting generation of a number proportional to actual position. Speed computation
capabilities accommodate both fast and slow moving shafts. The integrated watchdog
timer in the quadrature decoder can be programmed with a time-out value to alarm when
no shaft motion is detected. Each input is filtered ensuring only true transitions are
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Manual Organization

recorded. If any quadrature decoder is not required, it can be programmed to provide a
quad timer alternate function using four 16-bit independent timers. The DSP controller
also provides afull set of standard programmable peripherals, including:

» Serial communications interfaces (SCI)
« Serial peripheral interface (SPI)
* Additional quad timers
Any of these interfaces can be used as GPIOs if that function is not required. A controller

area network interface, CAN version 2.0 A/B-compliant, an internal interrupt controller
and dedicated GPIO, are also included on some of the parts.

1.3 Manual Organization
This manual is arranged in the following sections:

* Chapter 1, DSP56F801/803/805/807 Over view—provides a brief overview of the
DSP56F801, DSP56F803, DSP56F805, and DSP56F807. The chapter describesthe
structure of this document, and lists other documentation necessary to use these
chips

o Chapter 2, Pin Descriptions—provides a description of the pins on the
DSP56F801/803/805/807 chips and how the pins are grouped into the various
interfaces

 Chapter 3, Memory and Oper ating M odes—describes the on-chip memory,
structures, registers, and interfaces

o Chapter 4, Interrupt Controller (ITCN)—describes how the IPbus interrupt
controller accepts interrupt requests from IPbus-based peripherals and presents
them to the DSP56800 core

« Chapter 5, Flash Memory Interface—describes the program flash, data flash,
and boot flash features and registers

« Chapter 6, External Memory | nter face—describes the external memory interface
available on the DSP56F803, DSP56F805, and DSP56F807

* Chapter 7, General Purpose I nput/Output (GPIO)—describes how the GPIO
shares package pins with other peripherals on the chip

» Chapter 8, Motorola Scalable Controller Area Network (M SCAN)—describes
the capabilities of CAN as a communication controller

» Chapter 9, Analog-to-Digital Converter (ADC)—describes features, functions
and registers of the analog-to-digital converter

DSP56F801/803/805/807 Overview 1-7
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Chapter 10, Quadrature Decoder—describes the features and registers of the
quadrature decoder

Chapter 11, Pulse Width Modulator M odule (PWM )—describes the function,
configuration and registers of the PWM

Chapter 12, Serial Communications | nter face (SCI)—describes the seria
communications interface (SCI), communicating with devices such as codecs,

other DSPs, microprocessors, and peripheralsto provide the primary datainput

path

Chapter 13, Serial Peripheral Interface (SPI)—describes the serial peripheral
interface (SPI), communicating with external devices, such asliquid crystal
displays (LCDs) and micro controller units (MCUSs)

Chapter 14, Quad Timer Module—describes the available internal quad timer
devices, including features and registers

Chapter 15, On-Chip Clock Synthesis (OCCS)—describes the internal oscillator,
phase lock loop (PLL), and timer distribution chain for the
DSP56F801/803/805/807

Chapter 16, Reset, Low Voltage, Stop and Wait Oper ations—describes the
on-chip watchdog timer and the real-time interrupt generator, and the modes of
operation

Chapter 17, OnCE M odule—describes the specifics of the

DSP56F801/803/805/807 on-chip emulation (OnCE™) module, accessed through
the joint test action group (JTAG) port

Chapter 18, JTAG Port—describes the specifics of the DSP56F801/803/805/807
JTAG port

Appendix A, Glossar y—provides definitions of terms, acronyms and register
names used in this manual

Appendix B, BSDL Listing—provides a sample boundary scan description
language (BSDL) listing for the DSP56F801/803/805/807

Appendix C, Programmer’s Sheets—provides a set of reference tables and
programming sheets that are intended to simplify programming for the
DSP56F801/803/805/807

Appendix D, Packaging & Pinout I nfor mation—provides succinct package and
pin-out information about each product
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1.4 Manual Conventions
The following conventions are used in this manual:

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

Note: Other manuals use the opposite convention, with bits listed from LSB to MSB.

» 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 a register. However, this is not always the case. Refer to the
programming model diagrams or to the programmer’s sheets to see the exact
location of bits within a register

« When a bit is described agt, its value is set to one. When a bit is described as
cleared, its value is set to zero

* Pins or signals asserted as low, made active when pulled to ground, have an overbar
above their name. For example, the $80is asserted low

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

» Code examples are displayed in a mono-spaced font, as sh&xample 1-1

Example 1-1. Sample Code Listing

BFSET #$0007, X: PCC ; Confi gure: line 1
; MSQD, MXBIO, SCKO for SPI naster line 2
; ~SS0 as PC3 for GPIO line 3

* Pins or signals listed in code examples asserted as low have a tilde in front of their
names. In the previous example, line three refers to th@&{ehown as ~SS0)

» The wordreset is used in three different contexts in this manual.
— 1) There is aeset pin. It is always written as RESET

— 2) The processor state occurring when the RESIETs asserted is always
written asReset

— 3) Power and COP reset
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The wordreset referring to theéunction is written in lower case with a leading
capital letter as grammar dictates. The wardis a generic term for any pin on the
chip

The wordassert means a high true (active high) signal is pulled highgg ur a

low true (active low) signal is pulled low to ground

The worddeassert means a high true signal is pulled low to ground or a low true
signal is pulled high to Mp as shown iTable 1-1

Shading in register drawings indicates a reserved bit--reading or writing to a given
shaded bit is not permitted

Throughout this manual, data memory locations are noted as X:$0000 and program
memory locations are noted as P:$0000, where $ represents a memory location in
hex

The PWM value registers are buffered. The value written does not take effect until
the LDOK bit is set and the next PWM load cycle begins. Reading PWMVALX
reads the value in a buffer and not necessarily the value the PWM generator is
currently using

Table 1-1. Pin Conventions

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

1. 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).

2. Vpp is an acceptable high voltage level. See the appropriate data sheet for the range of acceptable high

voltage levels (typically a TTL logic high).
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Architectural Overview

1.5 Architectural Overview

The DSP56F801/803/805/807 consists of the DSP56800 core program and data memory
and peripherals useful for embedded control applications. Block diagrams for each chip
describing the differencesin available peripheral sets and memory shown in the following
figures: Figure 1-1, Figure 1-2, Figure 1-3, and Figure 1-4.
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Figure 1-1. DSP56F801 Functional Block Diagram
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Figure 1-2. DSP56F803 Functional Block Diagram
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Figure 1-3. DSP56F805 Functional Block Diagram
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Figure 1-4. DSP56F807 Functional Block Diagram
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Table 1-2. Feature Matrix

Feature DSP56F801 DSP56F803 DSP56F805 DSP56F807
Speed (MIPS) 40 40 40 40
Program Flash 8188 X 16 32252 X 16 32252 X 16 61436 X 16

Data Flash 2K X 16 4K X 16 4K X 16 8K X 16
Program RAM 1K X 16 512 X 16 512X 16 2K X 16
Data RAM 1K X 16 2K X 16 2K X 16 4K X 16
Boot Flash 2K X 16 2K X 16 2K X 16 2K X 16
Internal
Oscillator Relaxation or External Crystal External Crystal External Crystal
External Crystal
PLL 1 1 1 1
SCI 1 1 2 2
SPI 1 1 1 1
Watchdog 1 1 1 1

General Purpose

2 Quad Timers

4 Quad Timers

4 Quad Timers

4 Quad Timers

Timer (MAX)

Dedicated GPIO 0 0 14 14
Muxed GPIO 11 16 18 18
JTAG/ONnCE 1 1 1 1

Interrupt Controller 1 1 1 1
PWM (6 Channel) 1 1 2 2
CAN 0 1 1 1

ADC 2,_ 4-input, 12-bit 2,_ 4-input, 12-bit 2, 4-input, 12-bit with 4,_ 4-input, 12-bit

with analog mux with analog mux analog mux with analog mux
Quadrature Decoder 0 1 2 2

Low-V Interrupt 1 1 1 1
External Bus 0 1 1 1

Package 48 LQFP 100 LQFP 144 LQFP 116(SOLI\(/IDI|3:GP:L
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DSP56800 Core Description

1.6 DSP56800 Core Description

The DSP56800 core consists of functional units operating in parallel to increase
throughput of the machine. The DSP56800 core consists of three execution units operating
in parallel. These units allow as many as six operations during each instruction cycle. The
MPU-style programming model and optimized instruction set alow straightforward
generation of efficient, compact DSP and control code. The instruction set is aso highly
efficient for C-compilers. Mgor features of the DSP56800 core include the following:

« Efficient 16-bit DSP56800 family DSP engine with dual Harvard architecture
* As many as 40 million instructions per second (MIPS) at 80MHz core frequency
» Single-cycle 16x 16-bit parallel Multiplier-Accumulator (MAC)

» Two 36-bit accumulators, including extension bits

« 16-bit bidirectional barrel shifter

« Parallel instruction set with unique DSP addressing modes

« Hardware DO and REP loops

« Three internal address buses and one external address bus available

« Four internal data buses and one external data bus available

* Instruction set supports both DSP and controller functions

« Controller style addressing modes and instructions for compact code

» Efficient C-compiler and local variable support

« Software subroutine and interrupt stack with depth limited only by memory
 JTAG/OnCE debug programming interface

1.6.1 DSP56800 Core Differences

The DSP56800 core is used differently for the DSP56F801/803/805/807 from the way it
was used in previous parts. Please note the following differences:

« Extensions for interrupt handling

« Bottom two bits of the BCR wait state fields are hard coded to zero

» Optional disable for stop and wait modes

« MODA and MODB inputs have been replaced with EXTBOOT

» Disabled op code fetches from data memory space

» Fetches from data flash occur from either CGDB or XAB2, only one at a time
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» |Pbus methodology used for most communication between the core and peripherals

DSP56800 Core Description

» Single stage PLL with 8MHz clock requirement

1.6.2 DSP56800 Core Block Diagram

An overall block diagram of the DSP56800 core architecture is shokigune 1-5. The
DSP56800 core is fed by an internal program and data memory, an external memory
interface, and various peripherals suitable for embedded applications. The blocks of the
DSP56800 core include the following:

« Data arithmetic logic unit (data ALU)

» Address generation unit (AGU)

* Program controller and hardware looping unit
* Bit manipulation unit

 OnCE port

* Interrupt controller

» External bus bridge

* Address buses

» Data buses
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Figure 1-5. DSP56800 Core Block Diagram

The program controller, AGU and data ALU each contain a discrete register set and
control logic, so each can operate independently and in parallel with the others. Likewise,
each functional unit interfaces with other units, with memory, and with memory-mapped
peripherals over the core’s internal address and data buses, as skoguméri-6.
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Figure 1-6. DSP56800 Bus Block Diagram

It is possible in asingle instruction cycle for the program controller to be fetching afirst
instruction, the AGU to generate two addresses for a second instruction, and the dataALU
to perform amultiply in athird instruction. In asimilar manner, the bit manipulation unit
can perform an operation of the third instruction described above instead of the
multiplication in the data ALU. The architecture is pipelined to take advantage of the
parallel units and significantly decrease the execution time of each instruction.

DSP56F801/803/805/807 Overview 1-19

@ MOTOROLA ..
Preliminary



DSP56800 Core Description

1.6.3 Data Arithmetic Logic Unit (Data ALU)

The data arithmetic logic unit (data ALU) performs al of the arithmetic and logical
operations on data operands. It contains:

Three 16-bit input registers

Two 32-bit accumulator registers

Two 4-bit accumulator extension registers

One parallel, single cycle, non-pipelined MAC unit
An accumulator shifter

One data limiter

One MAC output limiter

One 16-bit barrel shifter

The data ALU is capable of performing the following in one instruction cycle:

Arithmetic operations are completed using two’s-complement fractional or integer
arithmetic. Support is also provided for unsigned and multi-precision arithmetic.

Data ALU source operands can be 16, 32, or 36 bits and can originate from input registers
and/or accumulators. ALU results are stored in one of the accumulators. In addition, some
arithmetic instructions store their 16-bit results in any of the three data ALU input
registers or write directly to memory. Arithmetic operations and shifts have a 16-bit or
36-bit result, and logical operations are performed on 16-bit operands yielding 16-bit
results. Data ALU registers can be read or written by the core global data bus (CGDB) as
16-bit operands, and the X zero register can also be written by the X data bus two (XDB2)

Multiplication

Multiply-accumulate with positive or negative accumulation
Addition

Subtraction

Shifting

Logical operations

with a 16-bit operand.
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1.6.4 Address Generation Unit (AGU)

The address generation unit (AGU) performs al of the effective address calculations and

address storage necessary to address data operands in memory. This unit operatesin

parallel with other chip resources to minimize address generation overhead. It contains

two AL Us, allowing the generation of up to two 16-bit addresses every instruction

cycle—one for either the XAB1 or PAB bus and one for the XAB2 bus. The ALU can
directly address 65,536 locations on the XAB1 or XAB2 bus and 65,536 locations on the
program address bus (PAB), for a total capability of 131,072 16-bit data words. Hooks are
provided on the DSP56800 core to expand this address space. Its arithmetic unit can
perform linear and modulo arithmetic.

1.6.5 Program Controller and Hardware Looping Unit
The program controller performs:

« Instruction prefetch

* Instruction decoding

« Hardware loop control

* Interrupt (exception) processing

Instruction execution is carried out in other core units, such as the data ALU or AGU. The
program controller consists of a program counter (PC) unit, hardware looping control
logic, interrupt control logic, and status and control registers.

Two interrupt control pins provide input to the program interrupt controller. The external
interrupt request A (IRQApin and the external interrupt request B (IR@B receive
interrupt requests from external sources.

The RESETpin resets the DSP56F803/805/807. When it is asserted, it initializes the chip
and places it in the Reset state. When the RES& TS deasserted, the initial chip

operating mode is latched into the operating mode register (OMR) based upon the value
present on the EXTBOOT pin. The DSP56F801 is internally pulled low. Refection

3.3.2 for additional details.

1.6.6 Bit Manipulation Unit

The bit manipulation unit performs bitfield manipulations on X-memory words, peripheral
registers, and registers on the DSP56800 core. It is capable of testing, setting, clearing, or
inverting any bits specified in a 16-bit mask. For branch-on-bitfield instructions, this unit
tests bits on the upper or lower byte of a 16-bit word, that is, the mask tests a maximum of
eight bits at a time.
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Transfers between buses are accomplished in the bus unit. The bus unitissimilar to a
switch matrix, and can connect any two of the three data buses together without adding
any pipeline delays. Thisisrequired for transferring a core register to a peripheral register,
for example, because the core register is connected to the CGDB bus.

Asageneral rule, when reading any register less than 16 bits wide, unused bits are read as
zero. Reserved and unused bits should always be written with a zero ensuring future
compatibility.

1.6.7 Address and Data Buses

Addresses are provided to the internal X-data memory on two unidirectional 16-bit

buses—X address bus one (XAB1) and X address bus two (XAB2). Program memory
addresses are provided on the unidirectional 19-bit program address bus (PAB). Note the
XAB1 can provide addresses for accessing both internal and external memory, whereas
the XAB2 can only provide addresses for accessing internal read-only memory. The
external address bus (EAB) provides addresses for external memory.

Data movement on the DSP56F801/803/805/807 occurs over three bidirectional 16-bit
buses—the CGDB, the program data bus (PDB), the PGDB, and also over one
unidirectional 16-bit bus: the X data bus two (XDB2). When one memory access is
performed, data transfer between the data ALU and the X data memory occurs over the
CGDB. When two simultaneous memory reads are performed transfers occur over the
CGDB and the XDB2. All other data transfers to core blocks occur over the CGDB,
transferring all to and from peripherals over the PGDB. Instruction word fetches occur
simultaneously over the PDB. The external data bus (EDB) provides bidirectional access
to external data memory.

The bus structure supports:

1. General register-to-register
2. Register-to-memory
3. Memory-to-register transfers.
Each can transfer up to three 16-bit words in the same instruction cycle. Transfers between

buses are accomplished in the bit manipulation Uiaible 1-3 lists the address and data
buses for the DSP56800 core.
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Table 1-3. DSP56F800 Address and Data Buses

Bus Bus Name Bus Width, Direction, and Use
XAB1 X Address Bus 1 16-bit, unidirectional, internal and external memory address
XAB2 X Address Bus 2 16-bit, unidirectional, internal memory address
PAB Program Address Bus 16-bit, unidirectional, internal memory address
EAB External Address Bus 16-hbit, unidirectional, external memory address
CGDB Core Global Data Bus 16-bit, bidirectional, internal data movement
PDB Program Data Bus 16-hit, bidirectional, instruction word fetches
PGDB Peripheral Global Data Bus 16-bit, bidirectional, internal data movement
XDB2 | X Data Bus 2 16-bit, unidirectional, internal data movement
EDB External Data Bus 16-bit, bidirectional, external data movement

Note: The DSP56F801 does not have external memory capabilities; therefore the
external address and data buses are not relevant to this part.

1.6.8 On-Chip Emulation (OnCE) Module

The on-chip emulation (OnCE) module alows the user to interact in a debug environment
with the DSP56F800 core and its peripherals. Its capabilities include examining registers,
memory, or on-chip peripherals; setting breakpoints in memory; and stepping or tracing
instructions. It provides simple, inexpensive, and speed independent access to the
DSP56F800 core for sophisticated debugging and economical system development. The
JTAG port allows access to the OnCE module and through the DSP56F801/803/805/807
to itstarget system, retaining debug control without sacrificing other user accessible
on-chip resources. Thistechnique eliminates the costly cabling and the access to processor
pins required by traditional emulator systems. The OnCE interfaceis fully described in
Chapter 17, OnCE Module.

1.6.9 On-Chip Clock Synthesis Block

The clock synthesis module generates the clocking for the DSP56F801/803/805/807. It
generates clocks used by the DSP56800 core and DSP56F801/803/805/807 peripherals. It
contains a PLL with the capacity to multiply up the frequency or can be bypassed.
Additionally thereis a prescaler/divider used to distribute clocks to peripherals and to
lower power consumption on the DSP56F801/803/805/807. It also selects which clock, if
any, isrouted to the CLKO pin of the DSP56F803, DSP56F805, and DSP56F807. The
DSP56F801 does not have a CLKO pin.
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DSP56F801 allows oscillation flexibility between using the external crystal oscillator or
an on-chip relaxation oscillator, thereby lowering the system cost and provides two
additional GPIO lines (because the XTAL and EXTAL pins are not needed for the
external crystal). The on-chip relaxation oscillator is only available on the DSP56F801.

1.6.10 Oscillators

The DSP56F803, DSP56F805 and DSP56F807 are clocked either from an external crystal
or external clock generator input. The DSP56F801 can be clocked from an on-chip
relaxation oscillator, eliminating the need for the external crystal and lowering system
cost. The DSP56F801 can also run from an external crystal or clock generator in the same
manner as the DSP56F803, DSP56F805, and DSP56F807.

» Crystal oscillator uses an 8MHz crystal

» Optionally, it can use ceramic resonator in place of crystal

» Oscillator output can optionally be divided down by a programmable prescaler
« DSP56F801 has an on-chip relaxation oscillator

1.6.11 PLL

* The PLL will generate an interrupt to instruct the DSP to gracefully shut down the
system in the event reference clock is stopped

« The PLL will continue running for at least 100 instruction cycles if oscillator
source is removed

 The PLL generates output frequencies up to 80MHz

 The PLL can be bypassed to use oscillator or prescalar outputs directly, either
on-chip or external crystal oscillator can be used for DSP56F801

e Clock control

A clock gear shifter guarantees smooth transition from one clock source to the next during
normal operation. Clock sources available for normal operation include:

» Crystal oscillator output
» Relaxation oscillator outpubnly DSP56F801
 PLL output

* Programmable prescalar output, which is a divided down version of the oscillator
clock; legal divisors are one, two, four or eight
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1.6.12 Resets
» Integrated POR release occurs whejp\éxceeds 1.8V
* Integrated low voltage detect interrupts the host processor whgmlips below
2.2V in the core or 2.7V in the I/O

Note: Voltage levels are set to guarantee the host processor is still running at speed.
There is nominally about 50mV of hysteresis present on each of the low voltage
interrupt inputs.

1.6.13 Core Voltage Regulator
» Chip supply voltage = 3.3V
» Core voltage = 2.5V plus or minus 10 percent

1.6.14 IPbus Bridge

The IPbus bridge converts data memory and interrupt interfaces to IPbus-compliant
interface for peripherals.

This IPbus bridge allows communication between the core and peripherals utilizing the
CGDB for data and XAB for addresses. The IPbus bridge translates the four-phase clock
bus protocol of the DSP56800 core to the single clock environment of the IPbus protocol
used to communicate with the peripherals. All IPbus transfers are completed in one core
clock cycle.

The DSP56800 only supports 16-bit word transfers on word boundaries.

The IPbus bridge also provides upper level address decoding and peripheral module
enable generation.

Note: All peripherals on the DSP56F801/803/805/807 except the COP/watchdog
timer run off the IPbus clock frequency. It is the chip operating frequency
divided by two. The maximum frequency of operation is 80MHz, correlating to
a 40MHz IPbus clock frequency.

1.7 Memory Modules

« Harvard architecture permits as many as three simultaneous accesses to program
and data memory

* On-chip memory, depending on specific chip selected
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— DSP56F801
— 8K x 16-bit words of program flash
— 1K x 16-bit words of program RAM
— 1K x 16-bit words of data RAM
— 2K x 16-bit words of data flash
— 2K x 16-bit words of boot flash

— DSP56F803
— 32252x 16-bit words of program flash
— 512x 16-bit words of program RAM
— 2K x 16-bit words of data RAM
— 4K x 16-bit words of data flash
— 2K x 16-bit words of boot flash

— DSP56F805
— 32252x 16-bit words of program flash
— 512x 16-bit words of program RAM
— 2K x 16-bit words of data RAM
— 4K x 16-bit words of data flash
— 2K x 16-bit words of boot flash

— DSP56F807
— 60K x 16-bit words of program flash
— 2K x 16-bit words of program RAM
— 4K x 16-bit words of data RAM
— 8K x 16-bit words of data flash
— 2K x 16-bit words of boot flash

« Off-chip memory expansion capabiliti@SP56F803, DSP56F805, and
DSP56F807 only)

— As much as 64k 16 data memory
— As much as 64K 16 program memory

— External memory expansion port programmable for zero, four, eight, or 12 wait
states
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1.7.1 Program Flash

Single port memory compatible with the pipelined program bus structure
Split-gate cell, NOR type structure

Single cycle reads at 40MHz

Intelligent word programming feature

Memory is organized into a two row information block (= 128 bytes) and main
memory block

Pages are 512 bytes long

Intelligent page erase and mass erase modes

Can be programmed and erased under software control

Optional interrupt on completion of intelligent program and erase functions

1.7.2 Program RAM

Single port RAM is compatible with the pipelined program bus structure
Single cycle reads at 40MHz

1.7.3 Data Flash

Single port memory compatible with the pipelined data bus structure

Muxing provided so this memory can be read from PAB, XAB1 or XAB2
databases

Split-gate cell, NOR type structure

Single cycle reads at 40MHz across the automotive temperature range
Intelligent word programming feature

Intelligent page erase and mass erase modes

Can be programmed under software control in the user’'s system

1.7.4 Data RAM

Single read, dual read or single write memory compatible with the pipelined data
bus structure

Single cycle reads/writes at 40MHz
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1.8 DSP56F801 Peripheral Blocks
The DSP56F801 provides the following peripheral blocks:

* Pulse width modulator module (PWMA) with 6 PWM outputs, one fault inputs, fault
tolerant design with deadtime insertion, supports both center- and edge-aligned
modes

« 12-bit, analog-to-digital convertors (ADCs), are support by two simultaneous
conversions with two four-pin multiplexed inputs, ADC and PWM modules are
synchronized

» General purpose quad timer D with three-pins, or three additional GPIO lines
« Serial communication interface (SCI0) with two pins, or two additional GPIO lines

» Serial peripheral interface (SPI) with configurable four pin port, or four additional
GPIO lines

« Computer operating properly (COP) watchdog timer
» One dedicated external interrupt pins

» Eleven multiplexed GPIO pins

« External reset pin for hardware reset

« JTAG/OnCE

« Software-programmable, phase lock loop-based frequency synthesizer for the DSP
core clock

» Oscillation flexibility between external crystal oscillator or on-chip relaxation
oscillator for lower system cost and two additional GPIO lines

1.9 DSP56F803 Peripheral Blocks
The DSP56F803 provides the following peripheral blocks:

* Pulse width modulator module (PWMA) with six PWM outputs, three current sense
inputs, and three fault inputs, fault tolerant design with deadtime insertion, supports
both center- and edge- aligned modes

* Twelve bit, analog-to-digital convertors (ADCs), supporting two simultaneous
conversions with two four-pin multiplexed inputs, ADC and PWM modules are
synchronized

* Quadrature decoder (Quad Dec0) with four inputs, or additional quad timer A

* General purpose quad timer C with two pins

« CAN 2.0 A/B module with two-pin ports for transmit and receive

« Serial communication interface (SCI0) with two pins, or two additional GPIO lines

« Serial peripheral interface (SPI) with configurable four-pin port, or four additional
GPIO lines
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Computer operating properly (COP) watchdog timer
Two dedicated external interrupt pins

Sixteen multiplexed GPIO pins

External reset pin for hardware reset

JTAG/OnCE

Software-programmable, phase lock loop-based frequency synthesizer for the DSP
core clock

1.10 DSP56F805 Peripheral Blocks
The DSP56F805 provides the following peripheral blocks:

Two pulse width modulator modules (PWMA & PWMB), each with six PWM
outputs, three current sense inputs, and four fault inputs, fault tolerant design with
deadtime insertion, supports both center- and edge- aligned modes

Twelve bit, analog-to-digital convertors (ADCs), supporting two simultaneous
conversions with dual four-pin multiplexed inputs, ADC and PWM modules are
synchronized

Two quadrature decoders (Quad DecO & Quad Decl), each with four inputs, or two
additional quad timers A & B

Two dedicated general purpose quad timers totalling six pins: timer C with two pins
and timer D with four pins

CAN 2.0 A/B module with two-pin ports used to transmit and receive

Two serial communication interfaces (SCI0O & SCI1), each with two pins, or four
additional GPIO lines

Serial peripheral interface (SPI), with configurable four-pin port, or four additional
GPIO lines

Computer operating properly (COP) watchdog timer

Two dedicated external interrupt pins

Fourteen dedicated GPIO pins, 18 multiplexed GPIO pins
External reset pin for hardware reset

JTAG/OnCE

Software-programmable, phase lock loop-based frequency synthesizer for the DSP
core clock
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1.11 DSP56F807 Peripheral Blocks
The DSP56F807 provides the following peripheral blocks:

« Two pulse width modulator modules (PWMA & PWMB), each with six PWM
outputs, three current sense inputs endeavour fault inputs, fault tolerant design with
deadtime insertion, supports both center- and edge- aligned modes

* Four 12-bit, analog-to-digital convertors (ADCSs), supporting four simultaneous
conversions with quad four-pin multiplexed inputs, ADC and PWM modules are
synchronized

« Two quadrature decoders (Quad DecO & Quad Decl), each with four inputs, or two
additional quad timers A & B

« Two dedicated general purpose quad timers totalling six pins: timer C with two pins
and timer D with four pins

« CAN 2.0 A/B module with two-pin ports for transmit and receive

* Two serial communication interfaces (SCI0 & SCI1) each with two pins, or four
additional GPIO lines

« Serial peripheral interface (SPI) with configurable four-pin port, or four additional
GPIO lines

« Computer operating properly (COP) watchdog timer

» Two dedicated external interrupt pins

* Fourteen dedicated GPIO pins, 18 multiplexed GPIO pins
« External reset pin for hardware reset

« JTAG/OnCE

« Software-programmable, phase lock loop-based frequency synthesizer for the DSP
core clock

1.12 Peripheral Descriptions

The IPbus bridge converts data memory and interrupt interfaces to the IPbus-compliant
interface for peripherals. This IPbus bridge allows for communication between the core
and peripherals utilizing the CGDB for data and XAB for addresses.

Peripherals run off the IPbus clock at 40MHz. The IPbus clock frequency is half of the
oscillator frequency. IPR and BCR run at 80MHz while the COP/watchdog timer runs at
40MHz.

1.12.1 External Memory Interface

The DSP56F803, DSP56F805, and DSP56F807 provide an external memory interface.
This port provides a total of 36 pins—216 pins for an external address bus, 16 pins for an
external data bus, and four pins for bus control.
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1.12.2 General Purpose Input/Output Port (GPIO)

This port is configured so it is possible to generate interrupts when atransition is detected
on any of itslower eight pins.

DSP56F801

— 11 shared GPIO, multiplexed with other peripherals
DSP56F803

— 16 shared GPIO, multiplexed with other peripherals
DSP56F805

— 14 dedicated GPIO pins

— 18 shared GPIO, multiplexed with other peripherals
DSP56F807

— 14 dedicated GPIO pins

— 18 shared GPIO, multiplexed with other peripherals
Each bit may be individually configured as an input or output
Selectable enable for pull-up resistors

Each bit can be configured as an interrupt input

1.12.3 Serial Peripheral Interface (SPI)

The serial peripheral interface (SPI) is an independent serial communications subsystem
allowing the DSP56F801/803/805/807 to communicate synchronously with peripheral
devices such as LCD display drivers, A/D subsystems, and MCU microprocessors. The
SPl is also capable of interprocessor communication in a multiple master system. The SPI
system can be configured as either a master or a slave device with high data rates. The SPI
works in a demand-driven mode. In master mode, a transfer is initiated when data is
written to the SPI data register. A transfer is initiated by the reception of a clock signal in

the slave mode.

Each DSP56F801/803/805/807 has one SPI

Full-duplex synchronous operation via four-wire interface

Configurable for either master or slave operation

Multiple slaves may be enabled via GPIO pins

Double-buffered operation with separate transmit and receive registers
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1.12.4 COP/Watchdog Timer & Modes of Operation Module

The computer operating properly (COP) module monitors processor activity and provides
an automatic reset signal if afailure occurs. (Please reference Chapter 16.)

» 12-bit counter to provide 4096 different time-out periods

 COP timebase is the CPU clock divided by 16384

e At 80MHz, minimum time-out period is 20S, maximum is 839ms, with a
resolution of 20fs

1.12.5 JTAG/OnCE Port

The JTAG/OnCE port allows insertion of the DSP56F801/803/805/807 into a target
system while retaining debug control. The JTAG port provides board-level testing
capability for scan-based emulation compatible with the IEEE 1149.1a-1993 IEEE
Standard Test Access Port and Boundary Scan Architesgac#fication defined by the
JTAG. Five dedicated pins interface to a TAP containing a 16-state controller.

The OnCE module allows the user to interact in a debug environment with the DSP56800
core and its peripherals nonintrusively. Its capabilities include:

« Examining registers, memory, or on-chip peripherals

« Setting breakpoints in memory

» Stepping or tracing instructions
It provides simple, inexpensive, and speed-independent access to the DSP56800 core for
sophisticated debugging and economical system development. The JTAG/OnCE port
provides access to the OnCE module. Through the DSP56F801/803/805/807 to its target
system, it retains debug control without sacrificing other user accessible on-chip
resources.

1.12.6 Quadrature Decoder
« DSP56F801
— No quadrature decoder
« DSP56F803
— One quadrature decoder, or timer A with four pins
« DSP56F805 & DSP56F807
— Two quadrature decoders, or timer A and B each with four pins
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Each quadrature decoder:

Integrates the two-phase output of the encoder to extract position
INDEX input to reset the integration and/or integrate revolutions
Accounts for direction of rotation in position and revolution integrals

Includes an instant access to the general purpose timer for capturing all four
transitions on the two-phase input, offering higher resolution input for slow moving
shafts

Optionally can be used as a single phase pulse accumulator
Integral watchdog timer alarms the core when no shaft motion is detected
Filtered inputs ensuring only true transitions are recorded

1.12.7 Quad Timer Module

DSP56F801

— Timer D with three pins

DSP56F803

— Timer C with two pins

— Timer D with four pins

— Optional timer A with four pins muxed to quadrature decoder zero
DSP56F805 & DSP56F807

— Timer C with two pins

— Timer D with four pins

— Optional timer A with four pins muxed to quadrature decoder zero
— Optional timer B with four pins muxed to quadrature decoder one

Each quad timers feature:

Four channels, independently programmable as input capture or output compare
Each channel has its own timebase

Each of four channels can use any of four timer inputs

Rising edge, falling edge, or any edge input capture trigger

Set, clear, or toggle output capture action

Pulse width modulator (PWM) signal generation

Programmable clock sources and frequencies, including external clock

External synchronization input
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1.12.8 Pulse Width Modulator (PWM) Module

DSP56F801

— One pulse width modulator (PWMA)
— Zero current sense pins
— One fault pin

DSP56F803
— One pulse width modulator (PWMA)
— Three current sense pins each
— Three fault pins each
DSP56F805 & DSP56F807
— Two pulse width modulator (PWMA & PWMB)
— Three current sense pins
— Four fault pins

Pulse width modulator module (PWM) specifically designed for motor control.

Six independent outputs or three complementary pairs of outputs
Center-aligned or edge-aligned pulses
15-bit counters with programmable resolutions down to 25ns

Automatic dead time insertion for complementary outputs, including data toggling
based on motor phase current polarity

Half-cycle or multi-cycle PWM updates

Buffered registers with interlock bit to prevent erroneous PWM loads
Programmable outputs with 16mA sink and 10mA source currerggt\8.3V
Four programmable fault inputs to individually disable PWM channels
Input pins to control the reset state of the PWM outputs

1.12.9 Analog-to-Digital Conversion (ADC)

DSP56F801 & DSP56F803 & DSP56F805

— Dual analog-to-digital converter (ADC) modules—four inputs on each
— Eight total analog inputs
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DSP56F807

— Two dual analog-to-digital converter (ADC) modules—four inputs on each
— 16 total analog inputs

12-bit range

Monotonic over entire range with no missing codes

First channel on each DSP56F801/803/805/807 ADC can be swapped with the
alternate ADC

Can perform two simultaneous analog-to-digital conversions
Conversion time = 1.25us

Contains programmable zero offset register

Generates interrupt on completion of conversion

Optional conversion interrupt is asserted when the analog voltage level exceeds, or
falls below, the value contained in the zero offset register

Output is in twos complement or unsigned formats

1.12.10 ADC & PWM Synchronization Feature

Implemented with an instantiation of the general purpose timer
Synchronizes the analog-to-digital converter (ADC) modules to the PWM module

Additional outputs to synchronize external events to the pulse width modulator
(PWM) module

1.12.11 Serial Communications Interface (SCI)

DSP56F801 & DSP56F803

— One serial communication interface (SCI0)
DSP56F805 & DSP56F807

— Two serial communication interfaces (SCI0 & SCI1)
Asynchronous operation

Baud rate generation

IR interface support
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1.12.12 Motorola Scannable Controller Area Network (MSCAN)
Module

« DSP56F801
— No CAN module available

« DSP56F803 & DSP56F805 & DSP56F807
— One CAN module available

* Module board Motorola scalable CAN_12 implementation of Bosch CAN 2.0B
protocol

* Double-buffered receiver and triple-buffered transmitter
* Local priority concept for transmit buffers

» Two programmable 4% 8-bit ID filters with mask

* Programmable wake-up

* Low power sleep mode

 Programmable bit rate up to 1Mbit per second

1.12.13 Peripheral Interrupts

The peripherals on the DSP56F801/803/805/807 use the interrupt channels found on the
DSP56800 core. Each peripheral has its own interrupt vector, often more than one
interrupt vector for each peripheral, with the capacity to selectively enable or disable via
the IPR found on the DSP56800 cdtdapter 4, Interrupt Controller (ITCN) provides

more details on interrupt vectors.

1.13 DSP56800 Programming Model
The programming model for the registers in the DSP56800 core is shéwguire 1-7.
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Data Arithmetic Logic Unit
Data ALU Input Registers

31 16 15 0

X0 Y Y1

YO

15 0 15 0

Accumulator Registers

15 0

35 3231 16 15 0
A A2 Al AO
3 0 15 015 0
35 3231 16 15 0
B B2 B1 BO
3 0 15 0 15 0
Address Generation Unit
15 0 15 0 15 0
RO N MO01
R1
R2
R3
SP
Pointer Offset Modifier
Registers Register Register
Program Controller Unit
15 0 15 8 7 0 15 0
PC MR CCR OMR
Program Status Operating Mode
Counter (PC) Register (SR) Register (OMR)
15 0 15 0 15 0
LA

Hardware Stack (HWS)

Software Stack
(Located In X Memory)

Loop Address (LA)

12 0
LC

Loop Counter (LC)

Figure 1-7. Register Programming Model for the DSP56800
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2.1 Introduction

Chapter Two details the input, output signals and functions of the DSP56F800 core-based
family of digital signal processors. Depending on the device, its pinsalow clock signals,
locking, address interrupt signals, analog-to-digital signals, and more. Eachisdetailedin
this chapter.

Theinput and output signals of the DSP56F801/803/805/807 are organized into functional
groups explained in Table 2-1. Those groups are referenced in the tables and figures
throughout the chapter. Table 2-2 through Table 2-18 describe the signal or signals
present on apin.

Table 2-1. Functional Group Pin Allocations

_ Num_ber Num.ber Num.ber Num.ber Detailed
Functional Group of Pins of Pins of Pins of Pins Description
801 803 805 807
Power (Vpp Vppa or Vpp Core) 5 7 9 11 Table 2-2
Ground (Vsg or Vgsa) 5 6 8 12 Table 2-3
Supply Capacitors and VPP 2 2 3 4 Table 2-4
PLL and Clock 2 3 3 3 Table 2-5
Address Bus! 0 16 16 16 Table 2-6
Data Bus 0 16 16 16 Table 2-7
Bus Control 0 4 4 4 Table 2-8
Interrupt and Program Control Signals 2 4 5 5 Table 2-9
Dedicated Multi Purpose Input/Output 0 0 14 14 Table 2-10
Pulse Width Modulator (PWM) Ports 7 12 26 26 Table 2-11
Serial Peripheral Interface (SPI) Port! 4 4 4 4 Table 2-12
Quadrature Decoder Ports? 0 4 8 8 Table 2-13
Serial Communications Interface (SCI) 2 2 4 4
Portsl Table 2-14
CAN Ports 0 2 2 2 Table 2-15
égilsog-to-Digital Converter (ADC) 9 9 9 18 Table 2-16
Timer Module Ports 3 2 6 6 Table 2-17
JTAG/On-Chip Emulation (OnCE) 6 6 6 6 Table 2-18
1. Alternately, GPIO pins
2. Alternately, quad timer pins
Pin Descriptions 2-3
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Power Port [ Voo 4
V
Ground Port SS 5
Power Port Vooa 1
V
Ground Port SSA 1
Other VCAPC ) 5 PWMAO-5
Supply
Port | 1 | @ FAULTAO
PLL and Clock —__EXTAL (GPIOB2) 1
or GPIO XTAL (GPIOB3
I mAL ) W, DsP56F801
1 SCLK (GPIOB4) —
e —
1 MOSI (GPIOB5) SPI Port
1 MISO (GPIOB6) or GPIO
1 | SS (GPIOB7)
1 TXDO (GPIOBO) g, | sci0 Port
1 |g RXDO (GPIOB1) or GPIO
8 |g ANAO-7 ADCA Port
1 |qYREF
3 | TD02(GPI0A-Y Quad
— TCK ] Timer D
1 or GPIO
T™MS _ —
o 1 1 |qRA
JTAG/OnCEO 1 Interrupt/
Port TDO Program
- 1 | @ RESET g
BoT 1 Control
TRST
— >
- DE 1 ]

Figure 2-1. DSP56F801 Signals Identified by Functional Group
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Power Port ob
V
Ground Port S8
V
Power Port DDA
V
Ground Port SSA PWMAO-5 >
- ISA0-2 PWMA
VCAPC
Other I: FAULTAO-2 Port
Supply ¢
Ports
PLL [ EXTAL
and XTAL
Clock | s DSP56F803
- 1
1 SCLK (GPIOE4) 7
_ AO0-A5 6 < >
External - 1 MOSI (GPIOES) SPI Port
A6-7 (GPIOE2-E3)
Address Bus or 2 MISO (GPIOESG) or GPIO
GPIO A8-15 (GPIOA0-A7) . 1 —
| 1 |<gSS(GPIOE) ]
External 16 _
Data Bus [ 1 TXDO (GPIOEO) - SCIO Port
B 1 |«gRXDO (GPIOE1) or GPIO
1 _
External 1
Bus Control
1
1
ANAO-7 ADCA
PHASEAO (TA0) 8 |- Port
Quadrature 1 1 |- VREF
Decoder or PHASEBO (TA1) 1
Quad Timer A INDEXO (TA2) 1
HOMEDO (TA3) —
| 1 1 MSCAN_RX
CAN
1 MSCAN_TX
L
~—1 Quad
— TCK . 2 TD1-2 - n Timer D
TMS 1 J— —
1 |-s IRQA
TDI =T
JTAG/OnCED 1 1 |- IRQB Interrupt/
Port | g TDO 1 RESET Program
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TRST 1 EXTBOOT
__ 1 g
- DE 1 ]

Figure 2-2. DSP56F803 Signals Identified by Functional Group
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GPIO
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PWMB
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or GPIO
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or GPIO
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Figure 2-3. DSP56F805 Signals ldentified by Functional Group
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Power and Ground Signals

2.2 Power and Ground Signals

The following tables show power, ground, and bypass capacitor pinout data. Figures 2-5
through 2-8 show the physical layout of various grounds and voltage input signals
associated with the input/output ring.

Table 2-2. Power Inputs

801 803 805 807 Signal Sianal Description
Pins Pins Pins Pins Name g P

4 5 7 7 Vpop Power—These pins provide power to the internal structures of the
chip, and should all be attached to Vpp.

1 2 2 4 Vppa Analog Power—These pins supply an analog power source.

Table 2-3. Grounds
801 803 805 807 Signal Signal Descrintion
Pins Pins Pins Pins Name 9 P

4 5 7 9 Vsg GND—These pins provide grounding for the internal structures of
the chip, and should all be attached to Vgg.

1 1 1 3 Vssa Analog Ground—This pin supplies an analog ground.

1 1 1 1 TCS TCS—This pin is reserved for factory use and must be tied to Vgg
for normal use. In block diagrams, this pin is considered an
additional Vgg

Table 2-4. Supply Capacitors and VPP
. . State
8.01 8.03 8.05 8.07 Signal Signal During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
2 2 2 2 VCAPC | Supply Supply VCAPC—Connect each pin to a 2.2uF bypass
capacitor in order to bypass the core logic
voltage regulator, required for proper chip
operation.
N/A | N/A 1 1 VPP Input Input VPP—This pin should be left unconnected as
an open circuit for normal functionality.
2-8 DSP56F801/803/805/807 User’'s Manual
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Power and Ground Signals

&
o 9
28
g 8
> > VCAP VPP VREF
A VDDA
1 A
5 2 I_
I ®
—T 1 v | I| | |
pem | Boot | Data Rec| | [ReG
RCO{; ADC1
egulator Flash Memory PLL OSC
I I I
IO Ring
5
= VSsA

VSS 10

Figure 2-5. DSP56F801 Power and Ground Pins

Notes:

* VPP is not bonded out

» Core regulator is internally shorted to one of the VDD _10 pins

* Flash, RAM and internal logic are powered from the core regulator output

* Internally, VDD_CORE and VDD _IO share common busses. All must be connected

VCAP VREF
A 1 VDDA
4 2 A
[ ]
— T v | || | |
PGM | Boot | Daa REG REG
Oolr; ADC1
Regelor | Fash Memory PLL oc
[ I I
IORNg
4
T VSA
VSS 10

Figure 2-6. DSP56F803 Power and Ground Pins

Notes:

* VPP is not bonded out
* Flash, RAM and internal logic are powered form the core regulator output
* VPP is not connected in the customer system

* Internally, VDD_CORE and VDD_IO share common busses. All VDD_10 must be
connected

Pin Descriptions 2-9
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Power and Ground Signals

&
(@] (@]
=) 8
5 8
> >  VCAP VPP VREF
7 A VDDA
, L 1 A
! ¢
 — — 2 | |
core | | PoM | Boot | Daa el ReG| | |Reg|
Regulator Flash Memory PLL 0OSsC
| 1 |
10 Ring
7
VSSA
VSS 10

Figure 2-7. DSP56F805 Power and Ground Pins

Notes:

* Flash, RAM and internal logic are powered from the core regulator output
* VPP is not connected in the customer system
* Internally, VDD_CORE and VDD_IO share common busses. All must be connected

N
—
2 Q 8
o 8 < <
OI D| <;: <
a a Q
A [ i A VDDA - AREGL
2 A
1T T
! L ]
— T 1 A [ 1
core | | Pem | Boot | Daa et | | apca Rec| | [Rres]
Regulator Flash Memory PLL 0SsC
1
10 Ring
9
VSSA - AREG1
VSS 10 VSSA-ADC1 VSSA-ADC2

Figure 2-8. DSP56F807 Power and Ground Pins

Notes:

* Flash, RAM and internal logic are powered from the core regulator output
* VPP is not connected in the customer system
* Internally, VDD_CORE and VDD_IO share common busses. All must be connected
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Clock and Phase Lock Loop Signals

2.3

Clock and Phase Lock Loop Signals
Table 2-5. PLL and Clock Signals

801
Pins

803
Pins

805
Pins

807
Pins

Signal
Name

Signal
Type

State
During
Reset

Signal Description

N/A

EXTAL

Input

Input

External Crystal Oscillator Input—This input
can be connected to an 8MHz external crystal.
If an 8MHz or less external clock source is
used, EXTAL can be used as the input and
XTAL must not be connected. For more
information, please refer to Section 15.3.2.2.

The input clock can be selected to provide the
clock directly to the DSP core. This input clock
can also be selected as input clock for the
on-chip PLL.

N/A

XTAL

Output

Chip-
driven

Crystal Oscillator Output—This output
connects the internal crystal oscillator output to
an external crystal. If an external clock over
8MHz is used, XTAL must be used as the input
and EXTAL connected to GND. For more
information, please refer to Section 15.3.2.1.

N/A

CLKO

Output

Chip-
driven

Clock Output—This pin outputs a buffered
clock signal. By programming the CS[1:0] bits
in the PLL control register (PCR1), select
between either outputting of the signal applied
to XTAL and a version of the DSP master
clock at the output of the PLL. The clock
frequency on this pin can also be disabled by
programming the CS[1:0] bits in PCRL1.

N/A

N/A

N/A

EXTAL

GPIOB2
(Default
state)

Input

Input/
Output

N/A

Input

External Crystal Oscillator Input—This input
should be connected to an 8MHz external
crystal. If an 8MHz or less external clock
source is used, EXTAL can be used as the
input and XTAL must not be connected. For
more information, please refer to

Section 15.3.2.2.

Port B GPIO—This multiplexed pin is a GPIO
pin and can be programmed as an input or
output pin. This I/O can be utilized when using
the on-chip relaxation oscillator so the EXTAL
pin is not required.

@ MOTOROLA

Pin Descriptions

Preliminary

2-11



Address, Data, and Bus Control Signals

Table 2-5. PLL and Clock Signals (Continued)

801 | 803 | 805 | 807 | signal | Signal | Stt€ . -
- . - . During Signal Description
Pins Pins | Pins | Pins Name Type
Reset
1 N/A N/A N/A XTAL Output N/A Crystal Oscillator Output—This output

connects the internal crystal oscillator output to
an external crystal. If an external clock source
over 8MHz is used, XTAL must used as the
input and EXTAL connected to GND. For more
information, please refer to Section 15.3.2.1.

GPIOB3 Input/ Input Port B GPIO—This multiplexed GPIO pin can

(Default Output be programmed as an input or output pin. This
state) 1/0O can be utilized when using the on-chip
relaxation oscillator so the XTAL pin is not
needed.

2.4 Address, Data, and Bus Control Signals
Table 2-6. Address Bus Signals

801 | 803 | 805 | 807 | signal | Signal | Stote . -
- . . - During Signal Description
Pins Pins | Pins | Pins Name Type
Reset
N/A 6 6 6 AO-A5 Output Tri- Address Bus —AO0-A5 specify the address
stated for external program or data memory
accesses.
N/A 2 2 2 A6-A7 Output Tri- Address Bus —A6-A7 specify the address
stated for external program or data memory
accesses.

GPIOE2—- Input/ Input Port E GPIO—These two GPIO pins can be
GPIOE3 Output individually programmed as input or output
pins.

After reset, the default state is address bus.

N/A 8 8 8 A8-A15 Output Tri- Address Bus —A8-A15 specify the address
stated for external program or data memory
accesses.
GPIOAO- Input/ Input Port A GPIO—These eight GPIO pins can be
GPIOA7 Output individually programmed as input or output
pins.

After reset, the default state is address bus.
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Address, Data, and Bus Control Signals

Table 2-7. Data Bus Signals

801 | 803 | 805 | 807 | Signal | Signal | St3t€ . »
Pins Pins | Pins | Pins Name Type During Signal Description
Reset
N/A 16 16 16 DO- Input/ Tri- Data Bus —DO0-D15 specify the data for external
D15 Output | stated | program or data memory accesses. DO-D15 are
tri-stated when the external bus is inactive.
Table 2-8. Bus Control Signals
801 | 803 | 805 | 807 | signal | Signal | Srte . -
Pins | Pins | Pins Pins Name Type During Signal Description
Reset
N/A 1 1 1 PS Output Tri- Program Memory Select—PS is asserted low
stated | for external program memory access.
N/A 1 1 1 DS Output Tri- Data Memory Select—DS is asserted low for
stated | external data memory access.
N/A 1 1 1 WR Output Tri- Write Enable—WR is asserted during external
stated | memory write cycles. When WR is asserted low,
pins DO-D15 become outputs and the DSP puts
data on the bus. When WR is deasserted high,
the external data is latched inside the external
device. When WR is asserted, it qualifies the
AO0-A15, PS, and DS pins. WR can be connected
directly to the WE pin of a static RAM.
N/A 1 1 1 RD Output Tri- Read Enable—RD is asserted during external
stated | memory read cycles. When RD is asserted low,
pins DO-D15 become inputs and an external
device is enabled onto the DSP data bus. When
RD is deasserted high, the external data is
latched inside the DSP. When RD is asserted, it
qualifies the AO-A15, PS, and DS pins. RD can
be connected directly to the OE pin of a static
RAM or ROM.
Pin Descriptions 2-13
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Interrupt and Program Control Signals

2.5 Interrupt and Program Control Signals

Table 2-9. Interrupt and Program Control Signals

State
During Signal Description
Reset

801 803 805 807 Signal Signal
Pins Pins Pins Pins Name Type

1 1 1 1 IRQA Input Input External Interrupt Request A—The
IRQA input is a synchronized external
interrupt request indicating an external
device is requesting service. It can be
programmed to be level-sensitive or
negative-edge-triggered.

N/A 1 1 1 IRQB Input Input External Interrupt Request B—The
IRQB input is an external interrupt
request indicating an external device is
requesting service. It can be
programmed to be level-sensitive or
negative-edge-triggered.

1 1 1 1 RESET Input Input Reset—This input is a direct hardware
reset on the processor. When RESET
is asserted low, the DSP is initialized
and placed in the reset state. A Schmitt
trigger input is used for noise immunity.
When the RESET pin is deasserted,
the initial chip operating mode is
latched from the EXTBOOT pin. The
internal reset signal will be deasserted
synchronous with the internal clocks
after a fixed number of internal clocks.

To ensure complete hardware reset,
RESET and TRST should be asserted
together. The only exception occurs in
a debugging environment when a
hardware DSP reset is required and it is
necessary not to reset the JTAG/OnCE
module. In this case, assert RESET,
but do not assert TRST.

N/A N/A 1 1 RSTO Output Output | Reset Output—This output reflects the
internal reset state of the chip.

N/A 1 1 1 EXTBOOT Input Input External Boot—This input is tied to
Vpp to force device to boot from
off-chip memory. Otherwise, it is tied to
ground.
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GPIO Signals

2.6 GPIO Signals

Table 2-10. Dedicated General Purpose Input/Output (GPIO) Signals

801 | 803 | 805 | 807 | Signal Signal | St . »
. . . . During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
N/A N/A 8 8 GPIOBO- Input/ Input Port B GPIO —These eight dedicated
GPIOB7 Output GPIO pins can be individually programmed
as input or output pins.
After reset, the default state is GPIO input.
N/A N/A 6 6 GPIODO- Input/ Input Port D GPIO —These six dedicated GPIO
GPIOD5 Output pins can be individually programmed as
input or output pins.
After reset, the default state is GPIO input.
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Pulse Width Modulator (PWM) Signals

2.7 Pulse Width Modulator (PWM) Signals
Table 2-11. Pulse Width Modulator (PWMA and PWMB) Signals

. State
8.01 8.03 8.05 8.07 Signal Name Signal During Signal Description
Pins Pins Pins | Pins Type
Reset

6 6 6 6 PWMAO-5 Output Tri- PWMAO-5—These are six PWMA

stated output pins.

N/A 3 3 3 ISA0-2 Input Input ISAO-2—These three input current
status pins are used for top/bottom
pulse width correction in
complementary channel operation for
PWMA.

1 1 1 1 FAULTAO Input Input FAULTAO—This fault input pin is
used for disabling selected PWMA
outputs in cases where fault
conditions originate off-chip.

N/A 2 2 2 FAULTA1-2 Input Input FAULTAL-2 —These two fault input
pins are used for disabling selected
PWMA outputs in cases where fault
conditions originate off-chip.

N/A N/A 1 1 FAULTA3 Input Input FAULTA3—This fault input pin is
used for disabling selected PWM
outputs in cases where fault
conditions originate off-chip.

N/A N/A 6 6 PWMBO0-5 Output Tri- PWMBO0-5—Six PWMB output pins.

stated

N/A N/A 3 3 ISBO-2 Input Input ISBO-2—These three input current
status pins are used for top/bottom
pulse width correction in
complementary channel operation for
PWMB.

N/A N/A 4 4 FAULTBO-3 Input Input FAULTB0-3 —These four fault input
pins are used for disabling selected
PWMB outputs in cases where fault
conditions originate off-chip.
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Serial Peripheral Interface (SPI) Signals

2.8 Serial Peripheral Interface (SPI) Signals
Table 2-12. Serial Peripheral Interface (SPI) Signals

801 | 803 | 805 | 807 | sSignal | Signal | St€ . -
Pins Pins | Pins | Pins Name Type During Signal Description
Reset
1 1 1 MISO Input/ Input SPI Master In/Slave Out (MISO)—This
Output serial data pin is an input to a master
device and an output from a slave device.
The MISO line of a slave device is placed
in the high-impedance state if the slave
device is not selected.
1 GPIOEG6 Input/ Input Port E GPIO—This GPIO pin can be
Output individually programmed as an input or
(GPIOB6 output pin.
for 801)
After reset, the default state is MISO.
1 1 1 MOSI Input/ Input SPI Master Out/Slave In (MOSI)—This
Output serial data pin is an output from a master
device and an input to a slave device. The
master device places data on the MOSI
line a half-cycle before the clock edge the
slave device uses to latch the data.
1 GPIOES Input/ Input Port E GPIO—This GPIO pin can be
Output individually programmed as an input or
(GPIOB5 output pin.
for 801)
After reset, the default state is MOSI.
1 1 1 SCLK Input/ Input SPI Serial Clock—In the master mode,
Output this pin serves as an output, clocking
slaved listeners. In slave mode, this pin
serves as the data clock input.
1 GPIOE4 Input/ Input Port E GPIO—This GPIO pin can be
Output individually programmed as an input or
(GPIOB4 output pin.
for 801)
After reset, the default state is SCLK.

1 1 1 SS Input Input SPI Slave Select—In the master mode,
this pin is used to arbitrate multiple
masters. In slave mode, this pin is used to
select the slave.

1 GPIOE7 Input/ Input Port E GPIO—This GPIO pin can be
Output individually programmed as input or output
(GPIOB7 pin.
for 801) o
After reset, the default state is SS.
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Quadrature Decoder Signals

2.9 Quadrature Decoder Signals
Table 2-13. Quadrature Decoder (Quad DecO and Quad Decl) Signals

801 | 803 | 805 | 807 | Signal Signal | Stte . -
: . . : During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
N/A 1 1 1 PHASEAO Input Input Phase A—quadrature decoder #0
PHASEA input
TAO Input/ Input TAO—Timer A Channel 0
Output
N/A 1 1 1 PHASEBO Input Input Phase B—quadrature decoder #0
PHASEB input
TAL Input/ Input TA1—Timer A Channel 1
Output
N/A 1 1 1 INDEXO Input Input Index—quadrature decoder #0 INDEX
input
TA2 Input/ Input TA2—Timer A Channel 2
Output
N/A 1 1 1 HOMEO Input Input Home—quadrature decoder #0 HOME
input
TA3 Input/ Input TA3—Timer A Channel 3
Output
N/A N/A 1 1 PHASEA1 Input Input Phase A—quadrature decoder #1
PHASEA input
TBO Input/ Input TBO—Timer B Channel 0
Output
N/A N/A 1 1 PHASEB1 Input Input Phase B—quadrature decoder #1
PHASEB input
TB1 Input/ Input TB1—Timer B Channel 1
Output
N/A N/A 1 1 INDEX1 Input Input Index—quadrature decoder #1 INDEX
input
TB2 Input/ Input TB2—Timer B Channel 2
Output
N/A N/A 1 1 HOME1 Input Input Home—quadrature decoder #1 HOME
input
TB3 Input/ Input TB3—Timer B Channel 3
Output
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CAN Signals

2.10 Serial Communications Interface (SCI) Signals
Table 2-14. Serial Communications Interface (SCIO and SCI1) Signals

801 | 803 | 805 | 807 Signal Signal | State . o
. ; . . During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
1 1 1 TXDO Output Input Transmit Data—SCIO0 transmit data output
1 GPIOEO Input/ Input Port E GPIO—This GPIO pin can be
(GPIOBO Output individually programmed as input or output
for 801) pin.
After reset, the default state is SCI output.
1 1 1 RXDO Input Input Receive Data—SCIO receive data input
1 GPIOE1 Input/ Input Port E GPIO—This GPIO pin can be
(GPIOB1 Output individually programmed as input or output
for 801) pin.
After reset, the default state is SCI input.
N/A N/A 1 1 TXD1 Output Input Transmit Data—SCI1 transmit data output
GPIOD6 Input/ Input Port D GPIO—This GPIO pin can be
Output individually programmed as input or output
pin.
After reset, the default state is SCI output.
N/A N/A 1 1 RXD1 Input Input Receive Data—SCI1 receive data input
GPIOD7 Input/ Input Port D GPIO—This GPIO pin can be
Output individually programmed as input or output
pin.
After reset, the default state is SCI input.

2.11 CAN Signals
Table 2-15. CAN Module Signals

8ol | 803 | 805 | 807 Signal Signal | State . o
. . . . During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset

N/A 1 1 1 MSCAN_RX | Input Input MSCAN Receive Data—This is the
MSCAN input. This pin has an internal pull
up resistor.

N/A 1 1 1 MSCAN_ TX | Output Output MSCAN Transmit Data—MSCAN output

Pin Descriptions 2-19
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Analog to Digital Converter (ADC) Signals

2.12 Analog to Digital Converter (ADC) Signals
Table 2-16. Analog to Digital Converter (ADCA and ADCB) Signals

801 | 803 | 805 | 807 | sSignal | signal | SRt . -
. . . . During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
4 4 4 4 ANAO-3 Input Input ANAO-3—Analog inputs to ADC, channel 1
4 4 4 4 ANA4-7 Input Input ANA4—7—Analog inputs to ADC, channel 2
1 1 1 2 VREF Input Input VREF—Analog reference voltage
N/A N/A N/A 4 ANBO-3 Input Input ANBO-3—Analog inputs to ADCB, channel 1
N/A N/A N/A 4 ANB4-7 Input Input ANB4-7—Analog inputs to ADCB, channel 2

2.13 Quad Timer Module Signals

Table 2-17. Quad Timer Module Signals

801 | 803 | 805 | 807 Signal Signal | Owte . -
- . . . During Signal Description
Pins | Pins | Pins | Pins Name Type
Reset
N/A N/A 2 2 TCO-1 Input/ Input TCO-1—Timer C Channels 0 and 1
Output
N/A 1 1 TDO Input/ Input TDO—Timer D Channel 0
Output
1 (GPIOAO! Input/ Input Port A GPIO—This GPIO pin can be
for 801) Output individually programmed as an input or
output pin.
After reset, the default state is the quad
timer input.
2 2 2 TD1-2 Input/ Input TD1-2—Timer D Channel 1-2
Output
2 GPIOA1- Input/ Input Port A GPIO—This GPIO pin can be
(GPIOA21 Output individually programmed as an input or
for 801) output pin.
After reset, the default state is the quad
timer input.
N/A N/A 1 1 TD3 Input/ Input TD3—Timer D Channel 0-2
Output
1. Applicable only to the DSPS6F801.
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JTAG/OnCE

2.14 JTAG/OnCE

Table 2-18. JTAG/On-Chip Emulation (Once) Signals

801 | 803 | 805 | 807 | Signal | Signal | € . -
Pins | Pins | Pins | Pins Name Type During Signal Description
Reset
1 1 1 1 TCK Input Input, Test Clock Input—This input pin provides a
pulled low | gated clock to synchronize the test logic and
internally | shift serial data to the JTAG/OnCE port. The pin
is connected internally to a pull-down resistor.
1 1 1 1 T™MS Input Input, Test Mode Select Input—This input pin is used
pulled high | to sequence the JTAG TAP controller’s state
internally | machine. It is sampled on the rising edge of
TCK and has an on-chip pull-up resistor.
1 1 1 1 TDI Input Input, Test Data Input—This input pin provides a
pulled high | serial input data stream to the JTAG/OnCE port.
internally | It is sampled on the rising edge of TCK and has
an on-chip pull-up resistor.
1 1 1 1 TDO Output | Tri-stated | Test Data Output—This tri-statable output pin
provides a serial output data stream from the
JTAG/ONnCE port. It is driven in the shift-IR and
shift-DR controller states, and changes on the
falling edge of TCK.
1 1 1 1 TRST Input Input, Test Reset—As an input, a low signal on this
pulled high | pin provides a reset signal to the JTAG TAP
internally | controller. To ensure complete hardware reset,
TRST should be asserted whenever RESET is
asserted. The only exception occurs in a
debugging environment when a hardware DSP
reset is required and it is necessary not to reset
the OnCE/JTAG module. In this case, assert
RESET, but do not assert TRST.
1 1 1 1 DE Output Output | Debug Event—DE provides a low pulse on
recognized debug events.

@ MOTOROLA

Pin Descriptions

Preliminary

2-21



JTAG/OnCE

2-22 DSP56F801/803/805/807 User’s Manual

S @ MOTOROLA
Preliminary



Chapter 3
Memory and Operating Modes
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DSP56F801/803/805/807 Memory Map Description

3.1 Memory Map

The DSP56F800 family is very adaptable. It is a complete controller on asingle,
high-performance chip with flash technology and analog-to-digital converters embedded
on asingle mechanism. This section describes detailed, on-chip memories and the opening
modes of the DSP56F800 core-based chip family. Additionally, interrupt vectors,
interrupt priority register (IPR) and peripheral memory maps are also located in this
chapter.

3.2 DSP56F801/803/805/807 Memory Map Description

The DSP56F801/803/805/807 uses two independent memory spaces, data and program,
using a Harvard architecture. RAM and flash memory are used for the on-chip data
memory and for the on-chip program memory.

Table 3-1. Chip Memory Configurations

On-Chip Memory DSP56F801 DSP56F803 DSP56F805 DSP56F807
Program Flash (PFLASH) 8K x 16 32252 x 16 32252 x 16 60K x 16
Data Flash (XFLASH) 2K x 16 4K x 16 4K x 16 8K x 16
Program RAM (PRAM) 1K x 16 512 x 16 512 x 16 2K x 16
Data RAM (XRAM) 1K x 16 2K x 16 2K x 16 4K x 16
Program Boot Flash 2K x 16

On-chip memory sizes for each of the parts are summarized in Table 3-1. Both the
program and data memories can be expanded off-chip. The program memory map is
located in Table 3-2. The operating mode control bits (MA and MB) in the operating
mode register (OMR), coupled with the BOOTMAP_B bitinthe SYS_CNTL register, see
Section 16.7.1, control the program memory map and select the vector address.

The DSP56F803, DSP56F805, and DSP56F807 chips include external memory expansion
capabilities up to 64K words. Thisis not available on the DSP56F801chip.
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DSP56F801/803/805/807 Memory Map Description

Table 3-2. Program Memory Map for DSP56F801/803/805/807

Begin/
End
Address

Mode 0A

Mode 0B

Mode 3

801

803

805

807

801

803

805

807

803, 805,
807

0000
0003

B.Flash
4

B.Flash
4

B.Flash
4

B.Flash
4

0004
1FFF

P.Flash
8K-4

2000
6FFF

7000
73FF

7400
T7FF

7800
7BFF

reserved

7C00
7DFF

7E00
7FFF

P.RAM
1K

P.Flash
31.5K-4

P.Flash
31.5K-4

P.RAM
512

P.RAM
512

P.Flash
32K-4

8000
87FF

B.Flash
2K

B.Flash
2K

B.Flash
2K

8800
EFFF

FO00
F3FF

F400
F7FF

F800
FFFF

reserved

reserved

reserved

P.Flash2
28K

P.RAM
2K

B.Flash
2K

Not
Supported

B.Flash
4

B. Flash
4

B.Flash
4

P.Flash
31.5K-4

P.Flash
31.5K-4

P.Flash
28K-4

P.RAM
2K

P.RAM
512

P.RAM
512

B.Flash
2K

P.External
32K

P.External
32K

P.External
32K

P.External
64K

P represents Program

B represents Boot

In all modes, except 3, the first four logical addresses are a reflection of the first four physical addresses of

Boot Flash. In Mode 0B, this is largely an academic point, as any Reset or COP Reset resets the memory map back
to Mode OA.

Note:

Note:

M odes one and two are not supported in this group of devices.

For more information about mode three, see Section 3.7.3.
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Data Memory

Table 3-3. Data Memory Map for DSP56F801/803/805/807

Begin/ End EX=0 EX=1
Address 801 803 805 807 803, 805, 807
0000 X.RAM X.RAM X.RAM X.RAM X.External
03FF 1K 2K 2K 4K 64K

0400 reserved

07FF

0800 reserved reserved

OBFF

0CO00 peripherals peripherals peripherals

OFFF

1000 X.Flash X.Flash X.Flash peripherals

13FF 2K 4K 4K

1400

17FF

1800 reserved reserved

1FFF

2000 X.External X.External X.External X.Flash

2FFF 56K-128 56K-128 56K-128 8K

3000

3FFF

4000 X.External

FF7F 48K-128

FF80 Core Regs Core Regs Core Regs Core Regs Core Regs
FFFF 128 128 128 128 128

X represents Data
With EX = 1, all 64K address space is external, unless 1/0 Short Addressing is used to address core register.

If I/O Short Addressing is used, then the Core Registers become available.

Note: Table 3-3 summarizes the data memory map. The external X-memory control
bit (EX) in the operating mode register (OMR) controls the data memory map.

Note: Throughout this manual, data memory locations are noted as X:$xxxx and
program memory locations are noted as P:$xxxx, where $ represents avaluein
hex format.

3.3 Data Memory

The DSP56F801 has 1K words of on-chip data RAM and 2K words of on-chip data flash.
The DSP56F803/805 parts have 2K words of on-chip data RAM and 4K words of on-chip
data flash. The DSP56F807 has 4K words of on-chip data RAM and 8K words of data
flash.
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Data Memory

The 128 data memory addresses at the top of the memory map ($FF80 to $FFFF) are
reserved for DSP56800 on-chip core configuration registers. Additionaly, thereisa 1K
word, $0800 to $0BFF, a non-accessible segment hole in the memory map in the 803 and
805. The 801 has a 2K hole while the 807 has no hole. No memory location will be
selected on attempted accesses to the hole when EX = 0, internal data memory map
enabled. When EX = 1, the hole does not exist and may be accessed like all other external
data memory.

Note: For DSP56800 core instructions performing two reads from the data memory in
asingle instruction, the second access using the R3 pointer always occurs to
on-chip memory, regardless of how the OMR’s EX bit is programmed. For
example, the second read of the following code sequence accesses on-chip X
data memory X:$0:

MOVE #$0000, R3
NOP
MOVE X: (RL) +, YO X: (R3) +, X0

The data memory may be expanded off-chip for the DSP56F803/805/807 but not for the
DSP56F801. When the OMR’s EX bit is programmed witing there are 65,536
addressable off-chip data memory locations.

When the EX bit is set, the on-chip core configuration registers may only be accessed
using the I/O short addressing mode.

The external data memory bus access time is controlled by four bitsfgto®ntrol
register (BCR) located at X:$FFF9. This register is showsidare 3-1.

The external X bit (EX, bit 3) of the OMR in the DSP56800 core determines the mapping
of the data memory, as shownliable 3-3. Setting the EX bit to 1 completely disables the
on-chip data memory and enables a full Gkkernal data memory map.

Note: Two exceptions to this rule exist. The first exception is, if a MOVE, TSTW, or
BIT FIELD instruction is used with the 1/0O short addressing mode, the EX bit is
ignored. This allows the on-chip core control registers to be accessed when the
EX bit is set. When the EX bit is set, the access time to any external data
memory is controlled by the BCR. The second exception is for instructions
performing two reads from the data memory in a single cycle, the EX bit is
ignored during the second access using the R3 pointer.

A complete description of the operating mode register (OMR) is provide8#66800
Family Manual (DSP56800FAM/AD).
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3.3.1 Bus Control Register (BCR)

BCR—X:$FFF9 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 | Wait State Field for External | Wait State Field for External
. DRV
Write X-Memory P-Memory
Reset=$00FF 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0

Figure 3-1. Bus Control Register (BCR)
See Programmer’s Sheet, Appendix C, on page C-21

3.3.1.1 Reserved Bits—Bits 15-10 and 8

These bits are reserved and are read as zero during operations. The bits should be written
with zero ensuring future compatibility.

3.3.1.2 Drive Bit (DRV)—Bit 9

Thedrive control bit isused to specify what occurs on the external memory port pinswhen
no external access is performed—whether the pins remain driven or are tri-stated. The
DRV bit is cleared on hardware reset.

Table 3-4. Port A Operation with DRV Bit =0

Pins
Mode —_
A0-A15 PS, DS, RD, WR D0-D15
Normal Mode, external access Driven Driven Driven
Normal Mode, internal access Tri-stated Tri-stated Tri-stated
Stop Mode Tri-stated Tri-stated Tri-stated
Wait Mode Tri-stated Tri-stated Tri-stated
Reset Mode Tri-stated Pulled high internally Tri-stated
Table 3-5. Port A Operation with DRV Bit =1
Pins
Mode —_—
AO0-A15 PS, DS, RD, WR D0-D15
Normal Mode, external access Driven Driven Driven
Normal Mode, internal access Driven Driven Tri-stated
Stop Mode Driven Driven Tri-stated
Wait Mode Driven Driven Tri-stated
Reset Mode Tri-stated Pulled high internally Tri-stated
Memory and Operating Modes 3-7
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3.3.1.3 Wait State Data Memory (WSX][3:0])—Bits 7-4

These bits alow programming of the wait states for external data memory. The bottom
two bits, five and four, are hardcoded to zero. The WSX][3:0] bits are programmed as
follows:

Table 3-6. Programming WSX][3:0] Bits for Wait States

Bit String Hex Value Number of Wait States
0000 $0 0
0100 $4 4
1000 $8 8
1100 $C 12
All Others lllegal

3.3.1.4 Wait State P Memory (WSP[3:0])—Bits 3—-0

These bits allow programming of the wait states for external program memory. The
bottom two bits, one and zero, are hardcoded to zero. The WSP[3:0] bits are programmed
asfollows:

Table 3-7. Programming WSP[3:0] Bits for Wait States

Bit String Hex Value Number of Wait States
0000 $0 0
0100 $4 4
1000 $8 8
1100 $C 12
All Others lllegal

3.3.2 Operating Mode Register (OMR)

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
. NL CcC SD R SA EX MB MA
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-2. Operating Mode Register (OMR)
See Programmer’s Sheet, Appendix C, on page C-22

Note: MA and MB are latched from the EXTBOOQOT pin on reset.
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3.3.2.1 Nested Looping (NL)—Bit 15

The nested looping (NL) bit displays the status of program DO looping and the hardware
stack. When the NL bit is set, it indicates the program is currently in a nested DO loop,
that istwo DO loops are active. When this bit is cleared, it indicates the program is
currently not in anested DO loop. There may be asingle active DO loop or no DO loop
active. Thisbit is necessary for saving and restoring the contents of the hardware stack.
REP looping does not affect this bit.

It isimportant the user never puts the processor in the reserved combination specified in
Table 3-8. This can be avoided by ensuring the looped-flag bit (LF) bit is never cleared
when the NL bit is set. The NL bit is cleared on processor reset.

If both the NL and LF bits are set, that istwo DO loops are active and a DO instruction is
executed, ahardware stack overflow interrupt occurs because thereis no more spacein the
HWS to support athird DO loop.

The NL bit is also affected by any accesses to the HWS. Any MOVE instruction writing
thisregister copy the old contents of the LF bit into the NL bit. It is setting the NL bit into
the LF bit before clearing the NL bit.

Table 3-8. Looping Status

NL (In OMR) LF (in SR) DO Loop Status
0 0 No DO loops active
0 1 Single DO loop active
1 0 (Reserved)
1 1 Two DO loops active

3.3.2.2 Reserved Bits—Bits 14-9, 7 and 2

These read/write bits read as zero for future compatibility.

3.3.2.3 Condition Codes (CC)—Bit 8

The condition code (CC) bit selects whether condition codes are generated using a 36-bit
result from the multilier/accumulator (MAC) array or a 32-bit result. When the CC bit is
set, the C, N, V, and Z condition codes are generated based on Bit 31of the data arithmetic
logic unit (data ALU) result. When cleared, the C, N, V, and Z condition codes are
generated based on Bit 35 of the data ALU result. The generation of theL, E, and U
condition codes is not affected by the CC bit. The CC bit is cleared by processor reset.

Memory and Operating Modes 3-9
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Note: The unsigned condition tests for branching or jumping (HI, HS, LO, or LS) can
be used only when the condition codes are generated with the CC bit set.
Otherwise, the chip does not generate the unsigned conditions correctly.

3.3.2.4 Stop Delay (SD)—Bit 6

The stop delay (SD) bit selects the delay the DSP needs to exit the stop mode. When the
SD bit is set, the processor exits quickly from stop mode. When the SD bit is cleared, the
processor exits slowly from stop mode. The SD bit is cleared by processor reset.

3.3.2.5 Rounding (R)—Bit 5

The rounding (R) bit selects between two’s-complement rounding and convergent
rounding. When the R bit is set, two’s-complement rounding (always round up) is used.
When the R bit is cleared, convergent rounding is used. The R bit is cleared by processor
reset.

3.3.2.6 Saturation (SA)—Bit 4

The saturation bit (SA) enables automatic saturation on 32-bit arithmetic results,
providing a user-enabled saturation mode for chip algorithms not recognizing, or cannot
take advantage of , the extension accumulator. When the SA bit is set, automatic saturation
occurs at the output of the multiply and accumulate (MAC) unit for basic arithmetic
operations such as multiplication, addition, and so. The saturation is performed by a
specia saturation circuit inside the MAC unit.

The saturation logic operates by checking three bits of the 36-bit result out of the MAC
unit—expl[3], exp[0], and msp[15]. When the SA bit is set, these three bits determine if
saturation is performed on the MAC unit’s output, and whether to saturate to the
maximum positive or negative value, as showmable 3-9. The SA bit is cleared by
processor reset.

Table 3-9. MAC Unit Outputs With Saturation Mode Enabled (SA = 1)

exp[3] exp[0] msp[15] Result Stored in Accumulator
0 0 0 (Unchanged)
0 0 1 $0 7FFF FFFF
0 1 0 $0 7FFF FFFF
0 1 1 $0 7FFF FFFF
1 0 0 $F 8000 0000
1 0 1 $F 8000 0000
1 1 0 $F 8000 0000
1 1 1 (Unchanged)
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Note: Saturation mode is always disabled during the execution of the following
instructions: ASLL, ASRR, LSLL, LSRR, ASRAC, LSRAC, IMPY 16,
MPY SU, MACSU, AND, OR, EOR, NOT, LSL, LSR, ROL, and ROR. For
these instructions, no saturation is performed at the output of the MAC unit.

3.3.2.7 External X Memory (EX)—Bit 3

The external X memory (EX) bit is necessary for providing a continuous memory map
when using more than 64K of external data memory. When the EX bit is set, all accesses
to X memory on the X address bus 1 (XAB1) and core global data bus (CGDB) or
peripheral global data bus (PGDB) are forced to be external, except when aMOVE or
bit-field instruction is executed using the I/O short addressing mode. In this case, the EX
bit isignored and the access is performed to the on-chip location. When the EX bit is
cleared, internal X memory can be accessed with all addressing modes.

The EX bit isignored by the second read of a dual-read instruction, using the X address
bus 2 (XAB2) and X databus 2 (XDB2) and always accesses on-chip X data memory. For
instructions with two parallel reads, the second read is always performed to internal
on-chip memory.

Note: When the EX bit is set, only the upper 64-peripheral memory-mapped locations
are accessible (x:$FFCO-x:$FF80) with the I/O short addressing mode. The
lower 64-memory-mapped locations (X :$FF80-$FFBF) are not accessible when
the EX bit is set. Accessto these addresses results in an access to external
memory.

The EX bit is cleared by processor reset.

3.3.2.8 Operating Mode B (MB)—Bit 1
Thishit islatched from the EXTBOOT pin on reset. See Section 3.7 and Section 16.7.6.8.

3.3.2.9 Operating Mode A (MA)—Bit O
Thishit islatched from the EXTBOOT pin on reset. See Section 3.7 and Section 16.7.6.9.

3.4 Core Configuration Memory Map

Core configuration registers are part of the data memory map on the DSP56800 parts.
These locations may be accessed with the same addressing modes used for ordinary data
memory when the EX bit is cleared. However, when the EX hit is set, the addresses can
only be accessed using the I/O short addressing mode. These registers areimplemented as
part of the DSP56800 core itself; therefore, they will be present on all family members
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based on the DSP56800 core. Thisis not necessarily true for the on-chip configuration
registers discussed in the next section.

Table 3-10 shows the on-chip memory mapped core configuration registers.

Table 3-10. DSP56800 On-Chip Core Configuration Register Memory Map

X:$FFFF | OPGDBR—ONCE PGDB Bus Transfer Register

X:$FFFE | Reserved

X:$FFFD | Reserved

X:$FFFC | Reserved

X:$FFFB | IPR—Interrupt Priority Register

X:$FFFA | Reserved

X:$FFF9 | BCR—Bus Control Register

X:$1FFE-$FFCO | Reserved

3.5 On-Chip Peripheral Memory Map

On-chip peripheral registers are part of the data memory map on the DSPF56800 series.
These locations may be accessed with the same addressing modes used for ordinary data
memory. However, they may not be accessed by write, and single read operations when
the EX bit is set.

Table 3-11 illustrates the on-chip memory mapped peripheral registers. The base address
represents the starting address used for each peripheral’s registers. Register memory
locations are assigned in each peripheral chapter based on this base address plus a given
offset. Not all peripherals are used on each device. For example, only the DSP56F807 uses
the ADCB peripheral and the PFIU2 section of the program flash.

Also, the data memory map for the DSP56F807 starts from a different location for the
mapped peripheral registers. So, the base addresses for the DSP56F807 are different from
the ones for the DSP56F801, DSP56F803, and DSP56F805. Be sure to read the address
range and base address corresponding to the chip you are uBaigers-11.

Here is a list of peripheral abbreviations in the order they appé&abie 3-11:

» SIM: System integration module

* PFIU2: Program flash interface unit number two, used for DSP5661897
e TMRA: Quad timer A

« TMRB: Quad timer B

« TMRC: Quad timer C
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« TMRD: Quad timer D

e CAN: Controller area network

* PWMA: Pulse width modulator module A
« PWMB: Pulse width modulator module B

 DECO: Quadrature decoder zero

e DEC1: Quadrature decoder one

* |ITCN: Interrupt controller

« ADCA: Analog-to-digital converter A

» ADCB: Analog-to-digital converter B, used for DSP56F807 only
« SCIO: Serial communications interface zero
« SCI1: Serial communications interface one
» SPI: Serial peripheral interface

« COP: Computer operation properly

* PFIU: Program flash interface unit

* DFIU: Data flash interface unit

« BFIU: Boot flash interface unit

« CLKGEN: Clock generation

» GPIOA: General purpose I/0 Port A
 GPIOB: General purpose 1/0 Port B
 GPIOD: General purpose I/O Port D

* GPIOE: General purpose I/0 Port E
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Table 3-11. Data Memory Peripheral Address Map

Addresses for DSP56F801/803/805

Address for DSP56F807

. RAa1dndgr§?cS>r Base Address for Perip.heral
Peripheral DSP56F801 DSP56F801, Address Range Base Address for Register
Name DSP56F803, & DS:S&;I;E%C;S& for DSP56F807 DSP56F807 A_Ifj;brlezsés
DSP56F805
SIM $0C00-$0COF |SYS_BASE=$0C00 $1000-$100F SYS_BASE=$1000 Table 3-12
Reserved |$0C10-$0CFF |Reserved $1010-$10FF | Reserved
PFIU2 $0C40-$0C5F | Reserved $1100-$105F Reserved
Reserved |$0C60-$0CFF |Reserved $1060-$10FF | Reserved
Reserved |Reserved Reserved $1420-$143F PFIU2_BASE=%$1420 Table 3-13
TMRA $0D00-$0D1F | TmrA_BASE=$0D00 $1100-$111F TmrA_BASE=$1100 Table 3-14
TMRB $0D20-$0D3F | TmrB_BASE=$0D20 $1120-$113F TmrB_BASE=$1120 Table 3-15
TMRC $0D40-$0D5F | TmrC_BASE=$0D40 $1140-$115F TmrC_BASE=$1140 Table 3-16
TMRD $0D60-$0D7F | TmrD_BASE=$0D60 $1160-$117F TmrD_BASE=%$1160 Table 3-17
CAN $0D80-$0DFF | CAN_BASE=$0D80 $1180-$11FF CAN_BASE=$1180 Table 3-18
PWMA $0EOO-$O0E1F |PWMA_BASE=$0E00 $1200-$121F PWMA_BASE=$1200 Table 3-19
PWMB $0E20-$0E3F |PWMB_BASE=3$0E20 $1220-$123F PWMB_BASE=$1220 Table 3-20
DECO $0E40-$0E4F |DECO_BASE=$0E40 $1240-$124F DECO_BASE=$1240 Table 3-21
DEC1 $0E50-$0E5F |DEC1 _BASE=$0E50 $1250-$125F DEC1_BASE=$1250 Table 3-22
ITCN $O0E60—$0E7F |ITCN_BASE=$0E60 $1260-$127F ITCN_BASE=$1260 Table 3-23
ADCA $0EB0—$0EBF | ADCA_BASE=$0ES80 $1280-$12BF ADCA_BASE=$1280 Table 3-24
ADCB $0ECO-$0EFF |ADCB_BASE=$0ECO $12C0-$12FF |ADCB_BASE=$12CO0 Table 3-25
SCI0 $0F00-$0FOF | SCI0O_BASE=$0F00 $1300-$130F SCI0_BASE=$1300 Table 3-26
SCI1 $0F10-$0F1F |SCI1_BASE=$0F10 $1310-$131F SCI1_BASE=$1310 Table 3-27
SPI $0F20-$0F2F | SPI_BASE=$0F20 $1320-$132F SPI_BASE=$1320 Table 3-28
COP $0F30-3$0F3F |COP_BASE=%$0F30 $1330-$133F COP_BASE=%$1330 Table 3-29
PFIU $OF40-$0F5F PFIU_Base=$0F40 $1340-$135F PFIU_BASE=$1340 Table 3-30
DFIU $0F60-$0F7F | DFIU_BASE=%$0F60 $1360-$137F DFIU_BASE=$1360 Table 3-31
BFIU $0F80-3$0F9F | BFIU_BASE=$0F80 $1380-$139F BFIU_BASE=$1380 Table 3-32
CLKGEN |$0FAO—$0FAF |CLKGEN_BASE=$0FAO0 J$13A0-$13AF |CLKGEN_BASE=$13A0 |Table 3-33
GPIOA $0FBO-$0FBF | GPIOA_BASE=$0FBO0 $13B0-$13BF | GPIOA_BASE=$13B0 Table 3-34
GPIOB $0FCO-$0FCF | GPIOB_BASE=$0FCO $13C0-$13CF |GPIOB_BASE=$13C0 Table 3-35
Reserved |$0FDO-$0FDF |Reserved $13D0-$13DF |Reserved
GPIOD $0FEO-$OFEF | GPIOD_BASE=$0FEO $13E0-$13EF |GPIOD_BASE=$13E0 Table 3-36
GPIOE $0FFO—$0FFF | GPIOE_BASE=$0FFO $13F0-$13FF GPIOE_BASE=$13F0 Table 3-37
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Table 3-12. System Control Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
SYS_CNTL System Control Register $0 SYS_BASE
SYS_STS System Status Register $1 SYS_BASE
MSH_ID Most Sgg;]/fgfré Half of $6 SYS_BASE
LSH_ID Least S\;grr,zgcjr; Half of &7 SYS_BASE
TST_REGO Test Register 0 $18 SYS_BASE
TST_REG1 Test Register 1 $19 SYS_BASE
TST_REG2 Test Register 2 $1A SYS_BASE
TST_REG3 Test Register 3 $1B SYS_BASE
TST _TEGA4 Test Register 4 $1C SYS_BASE
Table 3-13. Program Flash Interface Unit #2 Registers Address Map
Abi?g\i/si;?iron Register Description Aggrsis{s Base Address
PFIU2_CNTL Program Flash #2 Control Register $0 PFIU2_BASE
PFIU2_PE Program Flash #2 Program Enable Register $1 PFIU2_BASE
PFIU2_EE Program Flash #2 Erase Enable Register $2 PFIU2_BASE
PFIU2_ADDR Program Flash #2 Address Register $3 PFIU2_BASE
PFIU2_DATA Program Flash #2 Data Register $4 PFIU2_BASE
PFIU2_IE Program Flash #2 Interrupt Enable Register $5 PFIU2_BASE
PFIU2_IS Program Flash #2 Interrupt Source Register $6 PFIU2_BASE
PFIU2_IP Program Flash #2 Interrupt Pending Register $7 PFIU2_BASE
PFIU2_CKDIVISOR Program Flash #2 Clock Divisor Register $8 PFIU2_BASE
PFIU2_TERASEL Program Flash #2 Terase Limit Register $9 PFIU2_BASE
PFIU2_TMEL Program Flash #2 Time Limit Register $A PFIU2_BASE
PFIU2_TNVSL Program Flash #2 Tnvs Limit Register $B PFIU2_BASE
PFIU2_TPGSL Program Flash #2 Tpgs Limit Register $C PFIU2_BASE
PFIU2_TPROGL Program Flash #2 Tprog Limit Register $D PFIU2_BASE
PFIU2_TNVHL Program Flash #2 TNVH Limit Register $E PFIU2_BASE
PFIU2_TNVHI1L Program Flash #2 TNVH1 Limit Register $F PFIU2_BASE
PFIU2_TRCVL Program Flash #2 TRCV Limit Register $10 PFIU2_BASE

Note: Program Flash Interface Unit Two is used only on the DSP56F807 for the

second half of the Program Flash.
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Table 3-14. Quad Timer A Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
TMRAO_CMP1 Compare Register $0 TMRA_BASE
TMRAO_CMP2 Compare Register $1 TMRA_BASE

TMRAO_CAP Capture Register $2 TMRA_BASE
TMRAO_LOAD Load Register $3 TMRA_BASE
TMRAO_HOLD Hold Register $4 TMRA_BASE
TMRAO_CNTR Counter $5 TMRA_BASE
TMRAO_CTRL Control Register $6 TMRA_BASE
TMRAO_SCR Status and Control Register $7 TMRA_BASE
TMRA1_CMP1 Compare Register $8 TMRA_BASE
TMRA1_CMP2 Compare Register $9 TMRA_BASE
TMRA1_CAP Capture Register $A TMRA_BASE
TMRAL_LOAD Load Register $B TMRA_BASE
TMRA1_HOLD Hold Register $C TMRA_BASE
TMRA1_CNTR Counter $D TMRA_BASE
TMRA1_CTRL Control Register $E TMRA_BASE
TMRAL1_SCR Status and Control Register $F TMRA_BASE
TMRA2_CMP1 Compare Register $10 TMRA_BASE
TMRA2_CMP2 Compare Register $11 TMRA_BASE
TMRA2_CAP Capture Register $12 TMRA_BASE
TMRA2_LOAD Load Register $13 TMRA_BASE
TMRA2_HOLD Hold Register $14 TMRA_BASE
TMRA2_CNTR Counter $15 TMRA_BASE
TMRA2_CTRL Control Register $16 TMRA_BASE
TMRA2_SCR Status and Control Register $17 TMRA_BASE
TMRA3_CMP1 Compare Register $18 TMRA_BASE
TMRA3_CMP2 Compare Register $19 TMRA_BASE
TMRA3_CAP Capture Register $1A TMRA_BASE
TMRA3_LOAD Load Register $1B TMRA_BASE
TMRA3_HOLD Hold Register $1C TMRA_BASE
TMRA3_CNTR Counter $1D TMRA_BASE
TMRA3_CTRL Control Register $1E TMRA_BASE
TMRA3_SCR Status and Control Register $1F TMRA_BASE
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Table 3-15. Quad Timer B Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
TMRBO_CMP1 Compare Register $0 TMRB_BASE
TMRBO_CMP2 Compare Register $1 TMRB_BASE

TMRBO_CAP Capture Register $2 TMRB_BASE
TMRBO_LOAD Load Register $3 TMRB_BASE
TMRBO_HOLD Hold Register $4 TMRB_BASE
TMRBO_CNTR Counter $5 TMRB_BASE
TMRBO_CTRL Control Register $6 TMRB_BASE
TMRBO_SCR Status and Control Register $7 TMRB_BASE
TMRB1_CMP1 Compare Register $8 TMRB_BASE
TMRB1_CMP2 Compare Register $9 TMRB_BASE

TMRB1_CAP Capture Register $A TMRB_BASE
TMRB1_LOAD Load Register $B TMRB_BASE
TMRB1_HOLD Hold Register $C TMRB_BASE
TMRB1_CNTR Counter $D TMRB_BASE
TMRB1_CTRL Control Register $E TMRB_BASE
TMRB1_SCR Status and Control Register $F TMRB_BASE
TMRB2_CMP1 Compare Register $10 TMRB_BASE
TMRB2_CMP2 Compare Register $11 TMRB_BASE

TMRB2_CAP Capture Register $12 TMRB_BASE
TMRB2_LOAD Load Register $13 TMRB_BASE
TMRB2_HOLD Hold Register $14 TMRB_BASE
TMRB2_CNTR Counter $15 TMRB_BASE
TMRB2_CTRL Control Register $16 TMRB_BASE
TMRB2_SCR Status and Control Register $17 TMRB_BASE
TMRB3_CMP1 Compare Register $18 TMRB_BASE
TMRB3_CMP2 Compare Register $19 TMRB_BASE

TMRB3_CAP Capture Register $1A TMRB_BASE
TMRB3_LOAD Load Register $1B TMRB_BASE
TMRB3_HOLD Hold Register $1C TMRB_BASE
TMRB3_CNTR Counter $1D TMRB_BASE
TMRB3_CTRL Control Register $1E TMRB_BASE
TMRB3_SCR Status and Control Register $1F TMRB_BASE
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Table 3-16. Quad Timer C Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
TMRCO_CMP1 Compare Register $0 TMRC_BASE
TMRCO_CMP2 Compare Register $1 TMRC_BASE

TMRCO_CAP Capture Register $2 TMRC_BASE
TMRCO_LOAD Load Register $3 TMRC_BASE
TMRCO_HOLD Hold Register $4 TMRC_BASE
TMRCO_CNTR Counter $5 TMRC_BASE
TMRCO_CTRL Control Register $6 TMRC_BASE
TMRCO_SCR Status and Control Register $7 TMRC_BASE
TMRC1_CMP1 Compare Register $8 TMRC_BASE
TMRC1_CMP2 Compare Register $9 TMRC_BASE
TMRC1_CAP Capture Register $A TMRC_BASE
TMRC1_LOAD Load Register $B TMRC_BASE
TMRC1_HOLD Hold Register $C TMRC_BASE
TMRC1_CNTR Counter $D TMRC_BASE
TMRC1_CTRL Control Register $E TMRC_BASE
TMRC1_SCR Status and Control Register $F TMRC_BASE
TMRC2_CMP1 Compare Register $10 TMRC_BASE
TMRC2_CMP2 Compare Register $11 TMRC_BASE
TMRC2_CAP Capture Register $12 TMRC_BASE
TMRC2_LOAD Load Register $13 TMRC_BASE
TMRC2_HOLD Hold Register $14 TMRC_BASE
TMRC2_CNTR Counter $15 TMRC_BASE
TMRC2_CTRL Control Register $16 TMRC_BASE
TMRC2_SCR Status and Control Register $17 TMRC_BASE
TMRC3_CMP1 Compare Register $18 TMRC_BASE
TMRC3_CMP2 Compare Register $19 TMRC_BASE
TMRC3_CAP Capture Register $1A TMRC_BASE
TMRC3_LOAD Load Register $1B TMRC_BASE
TMRC3_HOLD Hold Register $1C TMRC_BASE
TMRC3_CNTR Counter $1D TMRC_BASE
TMRC3_CTRL Control Register $1E TMRC_BASE
TMRC3_SCR Status and Control Register $1F TMRC_BASE
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Table 3-17. Quad Timer D Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
TMRDO_CMP1 Compare Register $0 TMRD_BASE
TMRDO_CMP2 Compare Register $1 TMRD_BASE

TMRDO_CAP Capture Register $2 TMRD_BASE
TMRDO_LOAD Load Register $3 TMRD_BASE
TMRDO_HOLD Hold Register $4 TMRD_BASE
TMRDO_CNTR Counter $5 TMRD_BASE
TMRDO_CTRL Control Register $6 TMRD_BASE
TMRDO_SCR Status and Control Register $7 TMRD_BASE
TMRD1_CMP1 Compare Register $8 TMRD_BASE
TMRD1_CMP2 Compare Register $9 TMRD_BASE

TMRD1_CAP Capture Register $A TMRD_BASE
TMRD1_LOAD Load Register $B TMRD_BASE
TMRD1_HOLD Hold Register $C TMRD_BASE
TMRD1_CNTR Counter $D TMRD_BASE
TMRD1_CTRL Control Register $E TMRD_BASE
TMRD1_SCR Status and Control Register $F TMRD_BASE
TMRD2_CMP1 Compare Register $10 TMRD_BASE
TMRD2_CMP2 Compare Register $11 TMRD_BASE
TMRD2_CAP Capture Register $12 TMRD_BASE
TMRD2_LOAD Load Register $13 TMRD_BASE
TMRD2_HOLD Hold Register $14 TMRD_BASE
TMRD2_CNTR Counter $15 TMRD_BASE
TMRD2_CTRL Control Register $16 TMRD_BASE
TMRD2_SCR Status and Control Register $17 TMRD_BASE
TMRD3_CMP1 Compare Register $18 TMRD_BASE
TMRD3_CMP2 Compare Register $19 TMRD_BASE
TMRD3_CAP Capture Register $1A TMRD_BASE
TMRD3_LOAD Load Register $1B TMRD_BASE
TMRD3_HOLD Hold Register $1C TMRD_BASE
TMRD3_CNTR Counter $1D TMRD_BASE
TMRD3_CTRL Control Register $1E TMRD_BASE
TMRD3_SCR Status and Control Register $1F TMRD_BASE
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Table 3-18. CAN Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

CANCTLO MSCAN Control Register O $0 CAN_BASE
CANCTL1 MSCAN Control Register 1 $1 CAN_BASE
CANBTRO MSCAN Bus Timing Register 0 $2 CAN_BASE
CANBTR1 MSCAN Bus Timing Register 1 $3 CAN_BASE
CANRFLG MSCAN Receiver Flag Register $4 CAN_BASE
CANRIER MSCAN Receiver Interrupt Enable $5 CAN_BASE
Register
CANTFLG MSCAN Transmitter Flag Register $6 CAN_BASE
CANTCR MSCAN Transmitter Control Register $7 CAN_BASE
CANIDAC Identifier Acceptance Control Register $8 CAN_BASE
CANRXERR MSCAN Receiver Error Counter Register $E CAN_BASE
CANTXERR MSCAN Transmit Error Counter Register $F CAN_BASE
CANIDARO-7 MSCAN Identifier Acceptance Registers $10, $11, $12, $13, CAN_BASE
0-7 $18, $19, $1A, $1B
CANIDMRO-7 MSCAN Identifier Mask Registers 0-7 $14, $15, $16, $17, CAN_BASE
$1C, $1D, $1E, $1F
CAN_RB_IDR0-3 Receive buffer Identifier Registers 0-3 $40, $41, $42, $43 CAN_BASE
CAN_RB_DSR0-7 Receive buffer Data Segment Registers $44, $45, $46, $47, CAN_BASE
0-7 $48, $49, $4A, $4B
CAN_RB_DLR Receive buffer Data Length Register $4C CAN_BASE
CAN_RB_TBPR Receive buffer Transmit Buffer Priority $4D CAN_BASE
Register
CAN_TBO_IDR0O-3 Transmit buffer O Identifier Registers 0—3 $50, $51, $52, $53 CAN_BASE
CAN_TBO_DSR0-7 Transmit buffer 0 Data Segment $54, $55, $56, $57, CAN_BASE
Registers 0-7 $58, $59, $5A, $5B
CAN_TBO_DLR Transmit buffer 0 Data Length Register $5C CAN_BASE
CAN_TBO_TBPR Transmit buffer 0 Transmit Buffer Priority $5D CAN_BASE
Register
CAN_TB1_IDR0-3 Transmit buffer 1 Identifier Registers 0-3 $60, $61, $62, $63 CAN_BASE
CAN_TB1_DSRO0-7 Transmit buffer 1 Data Segment $64, $65, $66, $67, CAN_BASE
Registers 07 $68, $69, $6A, $6B
CAN_TB1 DLR Transmit buffer 1 Data Length Register $6C CAN_BASE
CAN_TB1_TBPR Transmit buffer 1 Transmit Buffer Priority $6D CAN_BASE
Register
CAN_TB2_IDR0-3 Transmit buffer 2 Identifier Registers 0-3 $70, $71, $72, $73 CAN_BASE
CAN_TB2_DSR0-7 Transmit buffer 2 Data Segment $74, $75, $76, $77, CAN_BASE
Registers 07 $78, $79, $7A, $7B
CAN_TB2_DLR Transmit buffer 2 Data Length Register $7C CAN_BASE
CAN_TB2 TBPR Transmit buffer 2 Transmit Buffer Priority $7D CAN_BASE

Register
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Table 3-19. PWMA Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

PWMA_ PMCTL PWM Control Register $0 PWMA_BASE
PWMA_PMFCTL PWM Fault Control Register $1 PWMA_BASE
PWMA_PMFSA PWM Fault Status Acknowledge $2 PWMA_BASE
PWMA_PMOUT PWM Output Control Register $3 PWMA_BASE
PWMA_PMCNT PWM Counter Register $4 PWMA_BASE
PWMA_PWMCM PWM Counter Modulo Register $5 PWMA_BASE
PWMA_PWMVALO-5 PWM Value Registers 0-5 $6, $7, $8, $9, $A, PWMA_BASE
$B
PWMA_PMDEADTM PWM Deadtime Register $C PWMA_BASE
PWMA_PMDISMAP1 PWM Disable Mapping Register 1 $D PWMA_BASE
PWMA_PMDISMAP2 PWM Disable Mapping Register 2 $E PWMA_BASE
PWMA_PMCFG PWM Config Register $F PWMA_BASE
PWMA PMCCR PWM Channel Control Register $10 PWMA_BASE
PWMA_PMPORT PWM Port Register $11 PWMA_BASE

Table 3-20. PWMB Registers Address Map
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Register Abbreviation Register Description Address Offset Base Address
PWMB_PMCTL PWM Control Register $0 PWMB_BASE
PWMB_PMFCTL PWM Fault Control Register $1 PWMB_BASE
PWMB_PMFSA PWM Fault Status Acknowledge $2 PWMB_BASE
PWMB_PMOUT PWM Output Control Register $3 PWMB_BASE
PWMB_PMCNT PWM Counter Register $4 PWMB_BASE
PWMB_PWMCM PWM Counter Modulo Register $5 PWMB_BASE

PWMB_PWMVALO-5 PWM Value Registers 0-5 %6, :Z :g 9 PWMB_BASE
PWMB_PMDEADTM PWM Deadtime Register $C PWMB_BASE
PWMB_PMDISMAP1 PWM Disable Mapping Register 1 $D PWMB_BASE
PWMB_PMDISMAP2 PWM Disable Mapping Register 2 $E PWMB_BASE
PWMB_PMCFG PWM Config Register $F PWMB_BASE
PWMB_PMCCR PWM Channel Control Register $10 PWMB_BASE
PWMB_PMPORT PWM Port Register $11 PWMB_BASE
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Table 3-21.

Quadrature Decoder #0 Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

QDO_DECCR Decoder Control Register $0 DECO_BASE
QDO_FIR Filter Interval Register $1 DECO_BASE
QDO_WTR Watchdog Timeout Register $2 DECO_BASE
QDO_POSD Position Difference Counter Register $3 DECO_BASE
QDO_POSDH Position Difference Counter Hold Register $4 DECO_BASE
QDO0_REV Revolution Counter Register $5 DECO_BASE
QDO_REVH Revolution Hold Register $6 DECO_BASE
QDO0_UPOS Upper Position Counter Register $7 DECO_BASE
QDO0_LPOS Lower Position Counter Register $8 DECO_BASE
QD0_UPOSH Upper Position Hold Register $9 DECO_BASE
QDO_LPOSH Lower Position Hold Register $A DECO_BASE
QDO0_UIR Upper Initialization Register $B DECO_BASE
QDO_LIR Lower Initialization Register $C DECO_BASE
QDO_IMR Input Monitor Register $D DECO_BASE
QDO_TSTREG Test Register $E DECO_BASE
Table 3-22. Quadrature Decoder #1 Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

QD1_DECCR Decoder Control Register $0 DEC1_BASE
QD1_FIR Filter Interval Register $1 DEC1_BASE
QD1 WTR Watchdog Timeout Register $2 DEC1_BASE
QD1_POSD Position Difference Counter Register $3 DEC1_BASE
QD1_POSDH Position Difference Counter Hold Register $4 DEC1_BASE
QD1 REV Revolution Counter Register $5 DEC1_BASE
QD1_REVH Revolution Hold Register $6 DEC1_BASE
QD1_UPOS Upper Position Counter Register $7 DEC1_BASE
QD1 LPOS Lower Position Counter Register $8 DEC1_BASE
QD1_UPOSH Upper Position Hold Register $9 DEC1_BASE
QD1_LPOSH Lower Position Hold Register $A DEC1_BASE
QD1_UIR Upper Initialization Register $B DEC1_BASE
QD1_LIR Lower Initialization Register $C DEC1_BASE
QD1_IMR Input Monitor Register $D DEC1_BASE
QD1 _TSTREG Test Register $E DEC1_BASE
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Table 3-23. Interrupt Controller Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
- . $0, $1, $2, $3, $4, $5, $6, $7,

GPRO0-15 Group Priority Registers 0-15 $3, $9, $A. $B. $C, $D, SE, $F ITCN_BASE
TIRQO Test Interrupt Request Register 0 $10 ITCN_BASE
TIRQ1 Test Interrupt Request Register 1 $11 ITCN_BASE
TIRQ2 Test Interrupt Request Register 2 $12 ITCN_BASE
TIRQ3 Test Interrupt Request Register 3 $13 ITCN_BASE
TISRO Test Interrupt Source Register 0 $18 ITCN_BASE
TISR1 Test Interrupt Source Register 1 $19 ITCN_BASE
TISR2 Test Interrupt Source Register 2 $1A ITCN_BASE
TISR3 Test Interrupt Source Register 3 $1B ITCN_BASE
TCSR Test Control and Status Register $1C ITCN_BASE

Table 3-24. ADCA Registers Address Map
Register Abbreviation Register Description Address Offset Base Address
ADCA_ADCR1 ADC Control Register 1 $0 ADCA_BASE
ADCA_ADCR2 ADC Control Register 2 $1 ADCA_BASE
ADCA_ADZzCC ADC Zero Crossing Control Register $2 ADCA_BASE
ADCA_ADLST1 ADC Channel List Registers 1 $3 ADCA_BASE
ADCA ADLST2 ADC Channel List Register 2 $4 ADCA_BASE
ADCA_ADSDIS ADC Sample Disable Register $5 ADCA_BASE
ADCA_ADSTAT ADC Status Register $6 ADCA_BASE
ADCA_ADLSTAT ADC Limit Status Register $7 ADCA_BASE
ADCA_ADZCSTAT ADC Zero Crossing Status Register $8 ADCA_BASE
. $9, $A, $B, $C, $D,
ADCA_ADRSLTO-7 ADC Result Registers 07 $E. $F. $10 ADCA_BASE
. ) $11, $12, $13, $14,
ADCA_ADLLMTO-7 ADC Low Limit Registers 0-7 $15, $16, $17, $18 ADCA BASE
. _ . $19, $1A, $1B, $1C,
ADCA_ADHLMTO-7 ADC High Limit Registers 0-7 $1D. $1E, $1F, $20 ADCA_BASE
. $21, $22, $23, $24,
ADCA_ADOFS0-7 ADC Offset Registers 0-7 $25. $26. $27, $28 ADCA_BASE
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Table 3-25. ADCB Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
ADCB_ADCR1 ADC Control Register 1 $0 ADCB_BASE
ADCB_ADCR2 ADC Control Register 2 $1 ADCB_BASE
ADCB_ADZzZCC ADC Zero Crossing Control Register $2 ADCB_BASE
ADCB_ADLST1 ADC Channel List Registers 1 $3 ADCB_BASE
ADCB_ADLST?2 ADC Channel List Register 2 $4 ADCB_BASE
ADCB_ADSDIS ADC Sample Disable Register $5 ADCB_BASE
ADCB_ADSTAT ADC Status Register $6 ADCB_BASE
ADCB_ADLSTAT ADC Limit Status Register $7 ADCB_BASE
ADCB_ADZCSTAT ADC Zero Crossing Status Register $8 ADCB_BASE
ADCB_ADRSLTO0-7 ADC Result Registers 07 39 84,88, :(i&)SBD’ 3E.3F, ADCB_BASE
. . $11, $12, $13, $14, $15,

ADCB_ADLLMTO-7 ADC Low Limit Registers 0-7 $16. $17, $18 ADCB_BASE
. - . $19, $1A, $1B, $1C, $1D,

ADCB_ADHLMTO-7 ADC High Limit Registers 0—7 $1E. $1F, $20 ADCB_BASE
. $21, $22, $23, $24, $25,

ADCB_ADOFS0-7 ADC Offset Registers 0—7 $26. $27, $28 ADCB_BASE

Note: Analog to Digital Converter B (ADCB) is used only on the DSP56F807.

Table 3-26. SCIO Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
SCI0_SCIBR SCI Baud Rate Register $0 SCI0O_BASE
SCI0_SCICR SCI Control Register $1 SCO_BASE
SCI0_SCISR SCI Status Register $2 SCIO_BASE
SCI0_SCIDR SCI Data Register $3 SCI0O_BASE

Table 3-27. SCI1 Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
SCI1_SCIBR SCI Baud Rate Register $0 SCI1_BASE
SCI1_SCICR SCI Control Register $1 SCI1_BASE
SCI1_SCISR SCI Status Register $2 SCI1_BASE
SCI1_SCIDR SCI Data Register $3 SCI1_BASE
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Table 3-28. SPI Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
SPSCR SPI Status find Control $0 SPI_BASE
Register
SPDSR SPI Data Size Register $1 SPI_BASE
SPDRR SPI Data Receive Register $2 SPI_BASE
SPDTR SPI Data Transmit Register $3 SPI_BASE

Table 3-29. COP Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
COPCTL COP Control Register $0 COP_BASE
COPTO COP Time Out Register $1 COP_BASE
COPSRV COP Service Register $2 COP_BASE
Table 3-30. Program Flash Interface Unit Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
PFIU_CNTL Program Flash Control Register $0 PFIU_BASE
PFIU_PE Program Flash Program Enable Register $1 PFIU_BASE
PFIU_EE Program Flash Erase Enable Register $2 PFIU_BASE
PFIU_ADDR Program Flash Address Register $3 PFIU_BASE
PFIU_DATA Program Flash Data Register $4 PFIU_BASE
PFIU_IE Program Flash Interrupt Enable Register $5 PFIU_BASE
PFIU_IS Program Flash Interrupt Source Register $6 PFIU_BASE
PFIU_IP Program Flash Interrupt Pending Register $7 PFIU_BASE
PFIU_CKDIVISOR Program Flash Clock Divisor Register $8 PFIU_BASE
PFIU_TERASEL Program Flash Terase Limit Register $9 PFIU_BASE
PFIU_TMEL Program Flash Time Limit Register $A PFIU_BASE
PFIU_TNVSL Program Flash Tnvs Limit Register $B PFIU_BASE
PFIU_TPGSL Program Flash Tpgs Limit Register $C PFIU_BASE
PFIU_TPROGL Program Flash Tprog Limit Register $D PFIU_BASE
PFIU_TNVHL Program Flash TNVH Limit Register $E PFIU_BASE
PFIU_TNVHI1L Program Flash TNVHL1 Limit Register $F PFIU_BASE
PFIU_TRCVL Program Flash TRCV Limit Register $10 PFIU_BASE
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Table 3-31.

Data Flash Interface Unit Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

DFIU_CNTL Data Flash Control Register $0 DFIU_BASE
DFIU_PE Data Flash Program Enable Register $1 DFIU_BASE
DFIU_EE Data Flash Erase Enable Register $2 DFIU_BASE

DFIU_ADDR Data Flash Address Register $3 DFIU_BASE

DFIU_DATA Data Flash Data Register $4 DFIU_BASE
DFIU_IE Data Flash Interrupt Enable Register $5 DFIU_BASE
DFIU_IS Data Flash Interrupt Source Register $6 DFIU_BASE
DFIU_IP Data Flash Interrupt Pending Register $7 DFIU_BASE

DFIU_CKDIVISOR Data Flash Clock Divisor Register $8 DFIU_BASE
DFIU_TERASEL Data Flash Terase Limit Register $9 DFIU_BASE

DFIU_TMEL Data Flash TME Limit Register $A DFIU_BASE

DFIU_TNVSL Data Flash TNVS Limit Register $B DFIU_BASE

DFIU_TPGSL Data Flash TPGS Limit Register $C DFIU_BASE

DFIU_TPROGL Data Flash TPROG Limit Register $D DFIU_BASE

DFIU_TNVHL Data Flash TNVH Limit Register $E DFIU_BASE

DFIU_TNVHL1 Data Flash TNVHL1 Limit Register $F DFIU_BASE
DFIU_TRCVL Data Flash TRCV Limit Register $10 DFIU_BASE
Table 3-32. Boot Flash Interface Unit Registers Address Map

Register Abbreviation

Register Description

Address Offset

Base Address

BFIU_CNTL Boot Flash Control Register $0 BFIU_BASE
BFIU_PE Boot Flash Program Enable Register $1 BFIU_BASE
BFIU_EE Boot Flash Erase Enable Register $2 BFIU_BASE

BFIU_ADDR Boot Flash Address Register $3 BFIU_BASE

BFIU_DATA Boot Flash Data Register $4 BFIU_BASE
BFIU_IE Boot Flash Interrupt Enable Register $5 BFIU_BASE
BFIU_IS Boot Flash Interrupt Source Register $6 BFIU_BASE
BFIU_IP Boot Flash Interrupt Pending Register $7 BFIU_BASE

BFIU_CKDIVISOR Boot Flash Clock Divisor Register $8 BFIU_BASE
BFIU_TERASEL Boot Flash Terase Limit Register $9 BFIU_BASE
BFIU_TMEL Boot Flash TME Limit Register $A BFIU_BASE
BFIU_TNVSL Boot Flash TNVS Limit Register $B BFIU_BASE
BFIU_TPGSL Boot Flash TPGS Limit Register $C BFIU_BASE
BFIU_TPROGL Boot Flash TPROG Limit Register $D BFIU_BASE
BFIU_TNVHL Boot Flash TNVH Limit Register $E BFIU_BASE
BFIU_TNVHL1 Boot Flash TNVH1 Limit Register $F BFIU_BASE
BFIU_TRCVL Boot Flash TRCV Limit Register $10 BFIU_BASE
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Table 3-33. Clock Generation Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
PLLCR Control Register $0 CLKGEN_BASE
PLLDB Divide-by Register $1 CLKGEN_BASE
PLLSR Status Register $2 CLKGEN_BASE

TESTR Test Register $3 CLKGEN_BASE
CLKOSR Select Register $4 CLKGEN_BASE
ISOCTL Oscillator Control Reg $5 CLKGEN_BASE

Table 3-34. GPIO Port A Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
GPIO_A PUR Pull-up Enable Register $0 GPIOA_BASE
GPIO_A DR Data Register $1 GPIOA_BASE
GPIO_A DDR Data Direction Register $2 GPIOA_BASE
GPIO_A_PER Peripheral Enable Register $3 GPIOA_BASE
GPIO_A_IAR Interrupt Assert Register $4 GPIOA_BASE
GPIO_A IENR Interrupt Enable Register $5 GPIOA_BASE
GPIO_A_IPOLR Interrupt Polarity Register $6 GPIOA_BASE
GPIO_A_IPR Interrupt Pending Register $7 GPIOA_BASE
GPIO_A_IESR Interrupt Edge-Sensitive Register $8 GPIOA_BASE

Table 3-35. GPIO Port B Registers Address Map
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Register Abbreviation Register Description Address Offset Base Address
GPIO_B_PUR Pull-up Enable Register $0 GPIOB_BASE
GPIO_B DR Data Register $1 GPIOB_BASE
GPIO_B_DDR Data Direction Register $2 GPIOB_BASE
GPIO_B_PER Peripheral Enable Register $3 GPIOB_BASE
GPIO_B _IAR Interrupt Assert Register $4 GPIOB_BASE
GPIO_B_IENR Interrupt Enable Register $5 GPIOB_BASE
GPIO_B_IPOLR Interrupt Polarity Register $6 GPIOB_BASE
GPIO_B_IPR Interrupt Pending Register $7 GPIOB_BASE
GPIO_B_IESR Interrupt Edge-Sensitive Register $8 GPIOB_BASE
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Table 3-36. GPIO Port D Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
GPIO_D_PUR Pull-up Enable Register $0 GPIOD_BASE
GPIO_D_DR Data Register $1 GPIOD_BASE
GPIO_D_DDR Data Direction Register $2 GPIOD_BASE
GPIO_D_PER Peripheral Enable Register $3 GPIOD_BASE
GPIO_D_IAR Interrupt Assert Register $4 GPIOD_BASE
GPIO_D_IENR Interrupt Enable Register $5 GPIOD_BASE
GPIO_D_IPOLR Interrupt Polarity Register $6 GPIOD_BASE
GPIO_D_IPR Interrupt Pending Register $7 GPIOD_BASE
GPIO_D_IESR Interrupt Edge-Sensitive $8 GPIOD_BASE
Register

Table 3-37. GPIO Port E Registers Address Map

Register Abbreviation Register Description Address Offset Base Address
GPIO_E_PUR Pull-up Enable Register $0 GPIOE_BASE
GPIO_E_DR Data Register $1 GPIOE_BASE
GPIO_E DDR Data Direction Register $2 GPIOE_BASE
GPIO_E_PER Peripheral Enable Register $3 GPIOE_BASE
GPIO_E_IAR Interrupt Assert Register $4 GPIOE_BASE
GPIO_E_IENR Interrupt Enable Register $5 GPIOE_BASE
GPIO_E_IPOLR Interrupt Polarity Register $6 GPIOE_BASE
GPIO_E_IPR Interrupt Pending Register $7 GPIOE_BASE
GPIO_E_IESR Interrupt Edge-Sensitive $8 GPIOE_BASE
Reqgister

3.6 Program Memory

Asshown in Table 3-1, the DSP56F801 has 8K words of on-chip program flash and 1K
words of on-chip program RAM. However, the DSP56F803/805 chips have 31.5K words
of on-chip program flash memory and 512 words of on-chip program RAM. The
DSP56F807 has 60K words of on-chip program flash memory and 2K words of on-chip
program RAM.

For the DSP56F803/805/807 chips, the program memory may be expanded off-chip up to
64K. The externa program bus access time is controlled by two of four bits of the bus
control register (BCR) located at X:$FFF9L. This register is shown in Figure 3-1.

1.All DSP56800 chips have two low order wait state bitsin BCR hardcoded to zero.
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The on-chip program flash and RAM may hold a combination of interrupt vectors and
program code, which may be modified by the application itself.

When mode three is selected, the complete 64K words of program memory are external.

The DSP56F801 does not permit external memory expansion.

3.7 DSP56800 Operating Modes

The DSP56F801/803/805/807 chips have two valid operating modes determining the
memory maps for program memory. Operating modes can be selected either by applying
the appropriate signal to the EXTBOOT pin during reset, or by writing to the operating
mode register (OMR) and changing the MA and MB bits.

Table 3-38. DSP56F801/803/805/807 Program Memory Chip Operating Modes

State of EXTBOOT upon reset MB MA Chip operating mode
Mode 0
0 0 0 NORMAL Operation
N/A 0
NOT SUPPORTED
N/A 1 0
1 1 1 Mode 3

EXTERNAL ROM

The EXTBOOT pin is sampled as the chip leaves the reset state, and theinitial operating
mode of the chip is set accordingly.

Chip operating modes can also be changed by writing to the operating mode bits MB and
MA in the OMR. Changing operating modes does not reset the chip. Interrupts should be
disabled immediately before changing the OMR. Thiswill prevent an interrupt from going
to the wrong memory location. Also, one no-operation (NOP) instruction should be
included after changing the OMR to allow for re-mapping to occur.

Note: Upon computer operating properly (COP) reset, the MA and MB bitswill revert
to the values originally latched from the EXTBOOT pin in contradiction of
RESET, hardware reset. These original mode values determine the COP reset
vector.

3.7.1 Mode 0-Single Chip Mode: Start-up

Mode zero is the single-chip mode internal program RAM (PRAM) and PFLASH are
enabled for reads and fetches. The DSP56F801/803/805/807 have two sub-modes for:
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1. Mode A boot mode where al memory isinternal

2. Mode B non-boot mode where the first 32K of memory isinternal and the second
32K is external

If EXTBOOQT isasserted low during reset, then Mode A: boot is automatically entered
when exiting reset mode.

For DSP56F801, Mode B is not supported because there is no external memory interface.

Note: L ocations zero through three in the program memory space are actually mapped
to thefirst four locations in the boot flash.

Mode zero is useful to enter when coming out of reset for applications while executing
primarily from internal program memory. The reset vector location in modes zero and
threeislocated in the program memory space at location P:$0000, P:$0002 for COP timer
reset. For mode zero, thisisin internal program memory. In mode three, it isin off-chip
program memory.

3.7.2 Modes 1 and 2

Modes one and two are NOT SUPPORTED for these parts. They are used for ROM-based
members of the DSP56800 family.

3.7.3 Mode 3—External

Mode three is a development mode in which the entire 64K program memory spaceis
external. No internal program memory may be accessed, except as a secondary read of
data RAM. The reset vector location in mode threeis located in the external program
memory space at location P:$0000, P:$0002 for COP timer reset.

3.8 Boot Flash Operation

A boot flash is provided to handle device initialization in the event the program flash
becomes corrupted for any reason. The hardware and COP reset vectors, $0000 and
$0002, are mapped into the boot flash at locations $8000 and $8002. The entire boot flash
is available at locations $8000 through $87FF in the 801/803/805. The boot flash would
normally be programmed once just before or after the device is mounted in the end
application code in the boot flash is typically responsible for checking the contents of
PFLASH are correct, reloading the PFLASH, from SPI, SCI, CAN, and so on, if
necessary. The 807 boot flash is available at |ocations $F800 through $F802. Please see
Table 3-2.

3-30 DSP56F801/803/805/807 User’s Manual

S @ MOTOROLA
Preliminary



Boot Flash Operation

Table 3-39. Example Contents of Data Stream to be Loaded from Serial EEPROM

Word Number Description

N = Number of program words to be loaded (must be at least

! one word LESS than the size of the area to be loaded).

2 Starting address for load
3>N+2 Code to be loaded

The code in the boot flash could contain an algorithm for checking the current contents of
the PFLASH against a previously computed signature stored in the last entry of the
PFLASH. If these agree, the PFLASH contents are assumed good, and the memory map
can be switched, redirecting the program control to the PFLASH. If the entries do not
agree, then the PFLASH is reloaded through one of the external ports. Control isthen
redirected to the code just loaded into memory.

The mechanism above applies only to the case where the device is being booted in mode
zero. It does not apply when the device is booted in mode three, where all program
memory is external.

The DSP56F801/803/805/807 chips contain 2K of boot flash. An example algorithm for
the boot flash follows.

Example 3-1. Example Boot Flash Algorithm

assume nodul usl = a prime nunber
assune max = maxi hum address of program fl ash

/* Calculate a signature for the current contents of the programflash */
/* (assume addresses are normnalized to the pflash root */
or (i =0; i<max; i++) hash_no = (64*hash_no + pflash[i]) % nodul usl;

I f (hash_no == pflash[max]) begin

reset nenory nap by witing to the systemcontrol register
JUWP to junpAddr

end el se begin /* need to rel oad contents of PFLASH */

LOAD OCDE M A SPI PCRT

QOWPUTE NEW SI GNATURE AS DATA | S LQADED V1 A SPI
ERASE FLASH | F NECESSARY

PROGRAM FLASH W TH DATA FRCM SPI

SET LAST LQCATI ON TO BE LQADED = HASHOCDE

SET junpAddr = Starting Address From SPI

end
reset nenory nap by witing to the systemcontrol register
junp to junpAddr
Note: The agorithm above ignores users are dealing with alimited amount of on-chip
RAM. Size limited to available RAM will download datain buckets. Further,
the algorithm also needs to be extended to support multiple EEPROM types and
CAN.
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Executing Programs from XRAM

3.9 Executing Programs from XRAM

DSP56F801/803/805/807 devices do not support execution of program from data RAM
(XRAM).

3.10 DSP56800 Reset and Interrupt Vectors

The reset and interrupt vector map specifies the address the processor jumps when it
recognizes an interrupt or encounters a reset condition. The instruction located at this
address must be a JSR instruction for an interrupt vector, or a JMP instruction for a reset
vector. The interrupt vector map for agiven chip is specified by all possible interrupt
sources on the DSP56800 core, as well as from the peripherals. No interrupt priority level
(IPL) is specified for hardware reset or for COP reset because these conditions reset the
chip. Resetting takes precedence over all other interrupts.

Table 3-40 provides the reset and interrupt priority structure for the
DSP56F801/803/805/807 chips, including on-chip peripherals. Table 3-41 lists the reset
and interrupt vectors for this family, DSP56800. A full description of interruptsis
provided in the DSP56800 Family Manual (DSP56800FM/D).

Note: In operating modes zero and three, the hardware reset vector is at $0000 and the
COP reset vector is at $0002.

Table 3-40. Reset and Interrupt Priority Structure

Priority Exception IPR Bits?®

Level 1 (Non-maskable)

Highest Hardware RESET —

COP Timer Reset —

lllegal Instruction Trap —

Hardware Stack Overflow —

ONnCE Trap —

Lower SWI —

Level 0 (Maskable)

Higher IRQA (External interrupt) 2,1,0
IRQB (External interrupt) 54,3
Channel 6 Peripheral Interrupt 9
Channel 5 Peripheral Interrupt 10
Channel 4 Peripheral Interrupt 11
Channel 3 Peripheral Interrupt 12
Channel 2 Peripheral Interrupt 13
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Table 3-40. Reset and Interrupt Priority Structure (Continued)

Priority Exception IPR Bits?®

Level 1 (Non-maskable)

Highest Hardware RESET —

COP Timer Reset —

lllegal Instruction Trap —

Hardware Stack Overflow —
OnCE Trap —

Lower SWiI —
Level 0 (Maskable)

Higher IRQA (External interrupt) 2,1,0
Channel 1 Peripheral Interrupt 14
Lowest Channel 0 Peripheral Interrupt 15

1. Please refer to Section 4.2

Table 3-41. Reset and Interrupt Vector Map

Reset and Interrupt Interrupt

Starting Addresses? Priority Level Interrupt Source
$00002 — Hardware RESET
$00022 — COP Timer Reset
$0004 — (Reserved)
$0006 1 lllegal Instruction Trap
$0008 Software Interrupt (SWI)
$000A Hardware Stack Overflow
$000C ONnCE Trap
$O00E (Reserved)
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Table 3-41. Reset and Interrupt Vector Map (Continued)

Reset and Interrupt

Starting Addresses

Interrupt
Priority Level

Interrupt Source

$0010

$0012

$0014

$0016

$0018

$0042

$007C

$007E

0

IRQA

IRQB

Peripheral Interrupt Vectors®

1. These are DSP56F801/803/805/807 addresses, not IPBus addresses.
Reset vectors are aliased to the first two vectors located in Boot Flash.

DSP56F801/803/805 :

DSP56F807 :

$0000 = $8000
$0002 = $8002
$0000 = $F800
$0002 = $F802

3. Please see Section 4.1 for specific peripheral interrupt memory map loca-

tions.
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Memory Architecture

3.11 Memory Architecture

The multiple bus Harvard architecture of the DSP core within this device alows for

certain dual, parallel moves. This greatly increases throughput on algorithms requiring a
high bandwidth feed of data values. The following simplified diagram of the chips’
on-board address and data buses helps illustrate the allowed and disallowed parallel data

reads. As with any Harvard architecture, pnegram or op-code buses always work in

parallel with the data buses.

Note:

DSP56800 CORE

Figure 3-3. DSP803/805/807 On-Board Address and Data Buses

Data memory is often noted as X-memory. For example, data RAM is called

XRAM.

XAB1
XAB2 l l
DATA DATA IPBUS
FLASH RAM BRIDGE
} CGDB ! '
Y xoB2 y
PAB
PROGRAM PROGRAM BOOT
FLASH RAM FLASH
{ PDB H !
e
|
|
| EA ALS:0] | EXTERNAL
BDIO < D[15:0] | DATA
- P
= - > MEMORY
e |
o
|
|
| EXTERNAL
| PROGRAM
| MEMORY
|

| Note: External Memory is not |

, available on the DSP56F801
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The following data space reads are possible:

e Dual read XRAM using CGDB and XRAM using XDB2

e Dual read RAM using CGDB and XFLASH using XDB2
* Dual read XRAM using XDB2 and XFLASH using CGDB
* Single read XRAM using CGDB

» Single read XFLASH using CGDB

Note:

Dual read XFLASH using XDB2 and XFLASH using CGDENOT allowed.

Dual reads solely from XFLASHre NOT allowed. CGDB reads and writes are
a result of XAB1 addressing. XDB2 reads are a result of XAB2 addressing.
Writesare NOT allowed. XAB2 addressing is always the second field of a dual
move operation, and can only be sourced by the R3 register.

The XRAM is a true dual-port RAM. The XFLASH is not available as a dual-ported

memory.

Note:

Due to the IPbus methodology used for busing from core to peripherals, the
DSP56F801/803/805/807 does not connect the PGDB from the DSP core to the
peripherals. Certain addressing modes of the MOVE command may very likely
cause a transfer to happen on the core’s peripheral global data bus (PGDB). The
DSP56F801/803/805/807 does not connect the PGDB from the DSP core to the
peripherals, so instructions such as MOVEP, utilizing this data bus, are not
useful. The MOVEP instruction only functions for registers internal to the core:
ONnCE PGDB bus transfer register (OPGDBR), interrupt priority register (IPR)
and bus control register (BCR).
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Introduction

4.1 Introduction

The IPbusinterrupt controller (ITCN) acceptsinterrupt request (IRQ) signalsfor interrupt

priority (1P) bus-based peripherals, assigns user-defined levels to each interrupt requests
(IRQ), and then selects the highest pending IRQ for presentation to the DSP56800 core.

The DSP56800 core includes circuitry supports with seven levels of interrupts. The

DSP56800 provides priority to the interrupts associated with the highest level.

The ITCN augments the DSP56800 interrupt controller by expanding the maximum
number of peripheral interrupts to 64 and adding the ability to assign each of the 64
interrupt request sources to one of seven levels. Within any one of the seven levels, any
number of interrupt sources may be assigned. For additional information, refer to Figure
7-2, Interrupt Priority Register X$FFFB in the DSP56800 Family Manual .

Each interrupt source has afixed vector number regardless of the level it has been
assigned. For any given level, its vector number determines an interrupt priority. The
interrupt source with the highest vector has the highest priority within agiven level.

The interrupt controller module does not mask, generate, or clear IRQs. The peripheral
module issuing the IRQ defines the enabling and clearing methods of a particular
interrupt. The interrupt controller provides only the priority assignments and the interrupt
Vector generation.

There are 64, 3-bit priority level registers (PLRS) specifying the level assignment, one to

seven, for each interrupt request signal. Four PLRs are assembled together in each group

priority register (GPR). Each 16-bit GPR is capable of being read and accept writing. Each

PLR value has a default value on reset suiting the application’s requirements. Each value
may be changed. If a PLR value is set to zero, the effect is to disable that interrupt.

TheI1 andI0 bits in the DSP56800 core status register (SR) determine the class of the
permitted exceptions. To permit mask exceptiomgs should be set to 01. To disable the
mask exceptiongd,bits should be setto 11. The general purpose in/out interrupt priority
register (GPIO_IPR), also part of the DSP56800 core, is located at its X$FFFB address.
The GPIO_IPR has an interrupt priority level (IPL) bit assigned to each of the seven
interrupt priority levels generated by the interrupt controller. Each IPL bit enables
interrupts associated with its interrupt priority level.

Therefore, to enable a specific interrupt, the bit in the peripheral must be set, the PLR in
the interrupt controller must be initialized and the corresponding IPL bits must be set in
the processor status register.

The ITCN is designed for 64 interrupts; however, the DSP56F801/803/805/807 reserves
the first10 interrupt vectors for internally generated exceptions and the IRQA and IRQB
external interrupts.
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DSP56F801/803/805/807 Interrupt Priority Register (GPIO_IPR)

4.2 DSP56F801/803/805/807 Interrupt Priority Register
(GPIO_IPR)

The core’s GPIO_IPR is a read/write memory-mapped register located at X:$FFFB. The
GPIO_IPR specifies the IPL for each of the interrupting devices, including the $RQA
IRQB pins, as well as each on-chip peripheral capable of generating interrupts. The
interrupt arbiter on the DSP56800 core contains seven interrupt channels for peripherals’
use, in addition to the IR@terrupts and the interrupts provided by the core. The IPL for

all on-chip peripheral interrupt sources are interrupt channels zero-six. They are assigned
by the developer. Using the GPIO_IPR, each of these channels may be individually
enabled or disabled under software control. Additionally, the GPIO_IPR specifies the
trigger mode of each external interrupt source and can enable or disable the individual
external interrupts. The GPIO_IPR is cleared on hardware reset.

Peripheral interrupts are enabled or masked by writing to the GPIO_IPR after enabling
them in thestatusregister (SR). Figur e 4-1 illustrates the interrupt priority order and how
GPIO_IPR bits are programmeegur e 4-2 discloses interrupt programming. Unused
bits are read as zero and should be written with zero, ensuring future compatibility.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IBL |IBL| IB IAL | IAL | IA

CHO |CH1 |CH2 |CH3 |CH4 |CH5 |CH6 1 o linv 1 o | inv

IRQA Mode
IRQB Mode
(Reserved)

Channel 6 IPL
Channel 5 IPL
Channel 4 IPL
Channel 3 IPL
Channel 2 IPL
Channel 1 IPL
Channel 0 IPL

I Indicates reserved bits, read as zero and written with zero for future compatibility

Figure 4-1. DSP56F801/803/805/807 GPIO_IPR Programming Model
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Table 4-1. Interrupt Programming

IBLO Enabled? IPL
IALO
P B oo o
0 0 Low-level sensitive ! ves 0
0 1 High-level sensitive CHO | Enabled? | IPL
1 0 Falling-edge sensitive CH1
1 1 Rising-edge sensitive 0 No —
1 Yes 0

Note: To avoid spurious interrupts, it may be necessary to disable IRQXx interrupts, by
clearing the IXL O bit, before modifying IXL1 or IXINV.

4.3 ITCN Register Summary
The interrupt controller has the following registers:
 GPIO_IPR core at X:$FFFB. For additional information, refdfigure 7-2 in the
DSP56800 Family Manual
* SR core program controller unit segure 1-7
* GPR 2-15 & GPR 0-15 contains 3-bit, PLR 10-63
« Test control and status register, TCSR
* Test interrupt request register 0, TIRQO
e Test interrupt request register 1, TIRQ1
* Test interrupt request register 2, TIRQ2
» Test interrupt request register 3, TIRQ3
» Test interrupt source register 0, TISRO
« Testinterrupt source register 1, TISR1
» Test interrupt source register 2, TISR2
» Test interrupt source register 3, TISR3

For interrupt controller registers of the address map, please réfable3-23.
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4.4 Priority Level and Vector Assignments

Table 4-2 indicates the vector for each interrupt source. For a selected level, the highest
vector has the highest priority.

Table 4-2. Interrupt Vectors and Addresses

801 88(())5/ 807 Vector IRQ Table Address Interrupt Source Description
X X X 63 $007E Low Voltage Detector
X X X 62 $007C PLL Loss of Lock
X X X 61 $007A PWM A Fault
X X 60 $0078 PWM B Fault
X X X 59 $0076 Reload PWM A
X X 58 $0074 Reload PWM B
X X X 57 $0072 ADC A Zero Crossing or Limit Error
X 56 $0070 ADC B Zero Crossing or Limit Error
X X X 55 $006E ADC A Conversion Complete
X 54 $006C ADC B Conversion Complete
X X X 53 $006A SCI #0 Receiver Full
X X X 52 $0068 SCI #0 Receiver Error
X X X 51 $0066 SCI #0 Transmitter Ready
X X X 50 $0064 SCI #0 Transmit Complete
X X 49 $0062 SCI #1 Receiver Full
X X 48 $0060 SCI #1 Receiver Error
X X 47 $005E SCI #1 Transmitter Ready
X X 46 $005C SCI #1 Transmitter Complete
X X 45 $O05A Timer A Channel 3
X X 44 $0058 Timer A Channel 2
X X 43 $0056 Timer A Channel 1
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Table 4-2. Interrupt Vectors and Addresses (Continued)

801 ggg’/ 807 Vector IRQ Table Address Interrupt Source Description
X X 42 $0054 Timer A Channel 0
X X 41 $0052 Timer B Channel 3
X X 40 $0050 Timer B Channel 2
X X 39 $004E Timer B Channel 1
X X 38 $004C Timer B Channel 0
X X X 37 $004A Timer C Channel 3
X X X 36 $0048 Timer C Channel 2
X X X 35 $0046 Timer C Channel 1
X X X 34 $0044 Timer C Channel 0
X X X 33 $0042 Timer D Channel 3
X X X 32 $0040 Timer D Channel 2
X X X 31 $003E Timer D Channel 1
X X X 30 $003C Timer D Channel 0
X X 29 $003A Quadrature Decoder #0 INDEX Pulse
X X 28 $0038 Quadrature Decoder #0 Home switch or Watchdog
X X 27 $0036 Quadrature Decoder #1 INDEX Pulse
X X 26 $0034 Quadrature Decoder #1 Home switch or Watchdog
X X X 25 $0032 SPI Receiver Full and/or Error
X X X 24 $0030 SPI Transmitter Empty
X X X 23 $002E GPIO A
X X X 22 $002C GPIO B
X X 21 $002A Reserved
X X 20 $0028 GPIOD
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Table 4-2. Interrupt Vectors and Addresses (Continued)
801 5853/ 807 Vector IRQ Table Address Interrupt Source Description
X X 19 $0026 GPIOE
X 18 $0024 Program Flash Interface 2
X X 17 $0022 MSCAN Wakeup
X X 16 $0020 MSCAN Error
X X 15 $001E MSCAN Receiver Full
X X 14 $001C MSCAN Transmitter Ready
X X X 13 $001A Data Flash Interface
X X X 12 $0018 Program Flash Interface
X X X 11 $0016 Boot Flash Interface
10 $0014 Reserved

All vectors listed above this point in the table are controlled by the ITCN module

All vectors listed below this point in the table are controlled directly by the DSP56800 Core

X X 9 $0012 IRQB
X X X 8 $0010 IRQA
7 $000E Reserved
X X X 6 $000C ONnCE Trap
X X X 5 $000A HW Stack Overflow
X X X 4 $0008 Swi
X X X 3 $0006 lllegal Instruction
2 $0004 Reserved
X X X 1 $0002 COP/Watchdog Reset
X X X 0 $0000 Hardware Reset
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Register Definitions

4.5 Register Definitions

The address of aregister isthe sum of a base address and an address offset. The base
addressis defined as ITCN_BASE and the address offset is defined for each register
below. See Table 3-11 for the ITCN_BASE definition.

4.5.1 Group Priority Registers 2-15 (GPR2-GPR15)

Each interrupt source has an associated 3-bit priority level register (PLR) defining its
priority level. The PLRs are read/write, and are packed together in groups of four per
16-bit register, except the GPR2.

GPR2 16-hit registers are called group priority registers (GPR). Level seven isthe highest
priority, while level oneisthe lowest priority. Within each priority level, the highest
vector has the highest priority. For more details, refer to Table 4-2.

Note: In agroup priority register, a PLR with avalue of one corresponds to channel
zero in the interrupt priority register. A PLR with a value of seven corresponds
to interrupt priority register channel six. If the PLR valueis set to zero, the
effect will disable the interrupt. PRLO-PRL9 are reserved.

Note: The first two registers are not illustrated here because they are test registers.

ITCN_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR11 PLR10 RESERVED
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-2. Group Priority Register 2 (GPR2)
See Programmer Sheet, Appendix C, on page C-23

ITCN_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR15 PLR14 PLR13 PLR12
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-3. Group Priority Register 3 (GPR3)
See Programmer Sheet, Appendix C, on page C-23

ITCN_BASE+$4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR19 PLR18 PLR17 PLR16
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-4. Group Priority Register 4 (GPR4)
See Programmer Sheet, Appendix C, on page C-24
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ITCN_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
. PLR23 PLR22 PLR21 PLR20
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-5. Group Priority Register 5 (GPR5)
See Programmer Sheet, Appendix C, on page C-24
ITCN_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
. PLR27 PLR26 PLR25 PLR24
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-6. Group Priority Register 6 (GPR6)
See Programmer Sheet, Appendix C, on page C-24
ITCN_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
) PLR31 PLR30 PLR29 PLR28
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-7. Group Priority Register 7 (GPR7)
See Programmer Sheet, Appendix C, on page C-24
ITCN_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
. PLR35 PLR34 PLR33 PLR32
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-8. Group Priority Register 8 (GRP8)
See Programmer Sheet, Appendix C, on page C-25
ITCN_BASE+$9 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
) PLR39 PLR38 PLR37 PLR36
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-9. Group Priority Register 9 (GRP9)
See Programmer Sheet, Appendix C, on page C-25
ITCN_BASE+$A 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Read
. PLR43 PLR42 PLR41 PLR40
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-10. Group Priority Register 10 (GPR10)
See Programmer Sheet, Appendix C, on page C-25
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ITCN_BASE+$B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR47 PLR46 PLR45 PLR44
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-11. Group Priority Register 11 (GPR11)
See Programmer Sheet, Appendix C, on page C-25

ITCN_BASE+$C 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR51 PLR50 PLR49 PLR48
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-12. Group Priority Register 12 (GPR12)
See Programmer Sheet, Appendix C, on page C-26

ITCN_BASE+$D 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR55 PLR54 PLR53 PLR52
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-13. Group Priority Register 13 (GPR13)
See Programmer Sheet, Appendix C, on page C-26

ITCN_BASE+$E 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR59 PLR58 PLR57 PLR56
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-14. Group Priority Register 14 (GPR14)
See Programmer Sheet, Appendix C, on page C-26

ITCN_BASE+$F 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. PLR63 PLR62 PLR61 PLR60
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-15. Group Priority Register 15 (GPR15)
See Programmer Sheet, Appendix C, on page C-26
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4.5.2 Test Interrupt Request Registers 0-3 (TIRQO-TIQ3)

Each low active bit of these read-only registers display the pending interrupt requests to
the ITCN module. INT equals interrupt with corresponding number. (TIRQO-TIRQ3
registers are used in factory testing and are not typically used in applications.)

ITCN_BASE+$10 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read INT15[INT14|INT13[INT12[INT11[INT10[ INT9 | INT8 | INT7 [ INT6 [ INT5| INT4 [ INT3 | INT2 [ INT1| INTO
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-16. Test Interrupt Request Register 0 (TIRQO)

ITCN_BASE+$11 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read INT31]INT30[INT29] INT28|INT27[INT26] INT25] INT24 [INT23]INT22[INT21]INT20] INT19 [INT18[INT17[ INT16
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-17. Test Interrupt Request Register 1 (TIRQ1)

ITCN_BASE+$12 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
Read INT47|INT46|INT45|INT44]INT43[INT42| INT41[ INT40 [ INT39[INT38|INT37|INT36| INT35 [INT34|INT33| INT32
Write
Reset o 0o o0 o0 ©0 0 0 o o0 0 0 0 0 0o 0 0

Figure 4-18. Test Interrupt Request Register 2 (TIRQ2)

ITCN_BASE+$13 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
Read INT63|INT62|INT61[INT60|INTS9[INT58|INT57| INT56 [INT55[INT54]INT53[INT52| INTS1 [INTSO0[INT49|INT48
Write
Reset o 0o ©0 0 0 0 0 o o0 o0 0 0 0 o 0 0

Figure 4-19. Test Interrupt Request Register 3 (TIRQ3)
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4.5.3 Test Interrupt Source Registers 0-3 (TISRO-TISR3)

Each high active bit of this read/write register provides an interrupt request to the ITCN
module when test mode is enabled. (TISRO-TISR3 registers are used in factory testing
and are not typically used in applications.)

ITCN_BASE+$18 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write INT15|INT14 [INT13|INT12|INT11[INT10| INT9 | INT8 [INT7 | INT6 [ INTS | INT4 | INT3 |INT2 | INT1| INTO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-20. Test Interrupt Source Register 0 (TISRO)

ITCN_BASE+$19 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Wer;e INT31[INT30|{INT29[INT28|INT27 [INT26 |INT25[INT24 |INT23 |INT22 |INT21 (INT20| INT19 |INT18 |INT17 [INT16
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-21. Test Interrupt Source Register 1 (TISR1)

ITCN_BASE+$1A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read
Write INT47 | INT46 [INT45(INT44|INT43[INT42|INT41 |INT40 |INT39|INT38|INT37 (INT36 | INT35 |INT34 |INT33 [INT32
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-22. Test Interrupt Source Register 2 (TISR2)

ITCN_BASE+$1B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write INT63|INT62|INT6L|INTE6O|INTS59|INTS8 |[INT57|INT56 |INT55 [INT54 [INT53 |[INT52 | INT51 (INT50 (INT49|INT48
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-23. Test Interrupt Source Register 3 (TISR3)

4.5.4 Test Control and Status Register (TCSR)
The TCSR register isused in factory testing and is not typically used in applications.

ITCN_BASE+$1C 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read IRQO| O vector[5:0] )
. Tmode | PTM RESERVED tst_iack[2:0]
Write — —
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-24. Test Control and Status Register (TCSR)
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4.5.4.1 Any IRQ Flag Bit (IRQ0)—BiIt 15
This bit indicates an interrupt is pending with a priority level of zero.
4.5.4.2 Current Vector Output (vector[5:0])—Bits 13—-8

These read-only bits show the output of the current active vector.

4.5.4.3 Test Mode (TMODE)—BIt 7

If set, this bit forces the ITCN to use the contents of the test interrupt source registers
zero—three as the sources for interrupts instead of the normal connections to the
peripherals.

4.5.4.4 Peripheral Test Mode (PTM)—Bit 6

This bit selects the use of the tst_iack[2:0] field to select the priority level whilein the
PTM mode.

4.5.4.5 Field Specifying the Interrupt Acknowledge Level During PTM
(tst_iack[2:0])—Bits 2—0

These bits select the active priority level from zero—seven.
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Features

5.1 Introduction

Flash memory provides reliable, non-volatile memory storage, eliminating required
external storage devices. Its softwareis easily programmable and it can be booted directly
from flash. Memory updating is also asimple process using either flash memories through
SPI, SCI, or OnCE™, described in Chapter 17.

5.2 Features
« Endurance: 100,000 cycles (typical)
* Memory organization for DSP56F801
— Program flash = 8k 16
— Data flash = 2Kkx 16
— Boot flash = 2Kx 16
* Memory organization for DSP56F803 and DSP56F805
— Program flash = 32k 16 + 64x 16
— Data flash = 4kx 16 + 64x 16
— Boot flash = 2Kx 16 + 64x 16
« Memory organization for DSP56F807
— Program flash = 64k 16 + 64x 16
— Data flash = 8Kx 16 + 64x 16
— Boot flash = 2Kx 16 + 64x 16
« Page erase capability: 512 bytes per page
* Block (mass) erase capability
» Access time: 20ns (max)
» Word (16-bit) program time: 26 (min)
* Page erase time: 40ms (min)

* Mass erase time: 100ms (min)

Flash Memory Interface 5-3

@ MOTOROLA ..
Preliminary




Register Summary

5.3 Register Summary

The interface also block-write protects al flash registers except the active one. The flash
interface units are the same for program flash interface unit (PFIU). Since the

DSP56 F807 has 64K of program flash, 60K are usable while 4K is reserved, an extra
program flash interface unit (PFIU2) is required to access the second half of the flash.

A prefix is added to each register for reflect PFIU, data flash interface unit (DFIU), and
boot flash interface unit (BFIU). For each flash interface unit (FIU) the corresponding
letters:

* P =Program

« D =Data

« B=Boot
must be included in front of the FIU in both the register name and base address. For
example, the FIU_CNTL definition is same for PFIU_CNTL at memory location

PFUI_BASE+0, DFIU_CNTL at memory location DFUI_BASE+0, and BFIU_CNTL at
memory location BFUI_BASE+O.

Note: Since the DSP56F807 has 60K program flash, two program flash interface units
are required to reach all 60K memory locations. As a result, the DSP56F807 has
a second set of PFIU registers beginning with memory location PFIU2_BASE,
defined inSection 3.11. The second program flash interface unit (PFIU2)
functions the same as the original PFIU. For the DSP56F807, PFIU controls the
first half of program flash and PFIU2 controls the last half of program flash.

Each flash integration unit has the following registers:

* Flash control register (FIU_CNTL)

* Flash program enable register (FIU_PE)

» Flash erase enable register (FIU_EE)

* Flash address register (FIU_ADDR)

* Flash data register (FIU_DATA)

* Flash interrupt enable register (FIU_IE)

* Flash interrupt source register (FIU_1S)

* Flash interrupt pending register (FIU_IP)

» Flash clock divisor register (FIU_CKDIVISOR)
* Flash {4 limit register (FIU_TERASEL)
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General Flash Description

» Flash f, limit register (FIU_TMEL)

* Flash  limit register (FIU_TNVSL)

* Flash g limit register (FIU_TPGSL)

* Flash f,o4 limit register (FIU_TPROGL)
» Flash fy, limit register (FIU_TNVHL)

» Flash t limit register (FIU_TNVH1L)
» Flash {, limit register (FIU_TRCVL)

For more information on PFIU registers, please refa@raa e 3-30. Also, please refer to
Table 3-31 for DFIU registers, andable 3-32 for BFIU registers. For PFIUZ2 registers
usedonly for the DSP56F807, please refeiTtable 3-13.

5.4 General Flash Description

The FLASH is a CMOS page erase, word 16-bit program embedded flash memory
partitioned into two memory blocks:

1. Main memory block.
2. Information block.

The information block can be used for the storage of device information.The block is
located at the beginning of flash. The system bus addresses for bits six and seven have to
be zero, while bit five on the top row is zero, and bit five on the bottom row is one. Bits
zero through four are word addresses.

The page erase operation erases all bytes within a page. A page is composed of eight
adjacent rows for the main memory block or the two adjacent rows of the information
block. The FLASH erases and programs with a 2.5V power supply, regulated down from
the external 3.3V supply.
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General Flash Description

Table 5-1. Truth Table

Mode XE YE SE OE PROG ERASE MAS1 NVSTR
Standby L L L L L L L L
Read H H H H L L L L
Word Program H H L L H L L H
Page Erase H L L L L H L H
Mass Erase H L L L L H H H
Table 5-2. IFREN Truth Table
Mode IFREN =1 IFREN =0
Read Read information block Read main memory block
Word program Program information block Program main memory block
Page erase Erase information block Erase main memory block
Mass erase Erase both block Erase main memory block
Table 5-3. Internal Flash Timing Variables
Parameter Symbol
X address access time ta
Y address access time tya
OE access time toa
PROG/ERASE to NVSTR set up time tovs
NVSTR hold time toon
NVSTR hold time(mass erase) toon
NVSTR to program set up time tpgS
Program hold time tpgh
Program time torog
Address/data set up time togs
Address/data hold time tadn
Recovery time e
Cumulative program HV period thy
Erase time torase
Mass erase time the
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General Flash Description

5.4.1 Flash Timing Relationships

XADR X X

4 N '
> g
YADR X X X X
G A XA L K il
DIN X X X X
| Tads &
/ /T
0G >
R — Tnvs Tprog %ﬂ:‘L—/
NVSTR ;’f \< L
Tpgs Tnvh [
Trev
[ Thv
Figure 5-1. Flash Program Cycle
IFREN X X
XE / N "
YE=SE=OE=MAS1=0
14 NC 7/_
ERASE Tnvs
NVSTR N -
Tnvh [
Terase L Trev
Figure 5-2. Flash Erase Cycle
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Program Flash (PFLASH)

Note: For information concerning Y E, SE, OE appearing in the previousfigures, refer
to Table 5-1.

XE 4 N 7/_
MASL A X £
YE=SE=OE=0
7( \< 7/_
ERASE Tnvs
NVSTR \<
N p—
Tnvhl [«
Tme » Trev

Figure 5-3. Flash Mass Erase Cycle

5.5 Program Flash (PFLASH)

Devices described in this section use flash blocks as non-volatile memory. The flash block
isinstantiated within the program address space (PFLASH). PFLASH is connected to core
buses via a program flash interface.

PFLASH configurations for the devices described here are presented in Table 5-4.

Table 5-4. Program Flash Main Block Organization

Chip Total Size Row Size | #of Rows | Page Size | # of Pages
DSP56F801 8K x 16 bits (3521@5:;53) 256 2?86r\gvc\)/gs »
DSP56F803 | 32K x 16 bits® (3521@ grifjss) 1024 2?86r‘;"vc\’/rs‘;s 128
DSP56F805 | 32K x 16 bits’ (35215\/ grifjss) 1024 2?86:3,\/(\)/2;8 128
DSPS6F807 | 64K x 16 bits? (3521@2?3) 2048 2(586rlvv338 256

1. Use up to 32252 words, the balance are reserved.
2. Use up to 60K words, the balance are reserved.
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Data Flash (DFLASH)

In addition to the main block sizes shown in the table above, each PFLASH contains atwo
row information block.

5.5.1 Program Flash Block Diagram

PROGRAM BUS

PROGRAM

56800 FLASH

CORE INTERFACE <=8 pROGRAM
UNIT FLASH
(PFIU)

PR IPBUS -
BRIDGE
DATA BUS

Figure 5-4. Program Flash Block Integration

5.6 Data Flash (DFLASH)

The devices described within this specification use flash blocks as non-volatile memory.
This section contains a description of the flash block instantiated within the data address
space (DFLASH). The DFLASH is connected to the buses via a data flash interface.

DFLASH configurations for the devices described herein are:

Table 5-5. DATA Flash Main Block Organization

Chip Total Size Row Size | # of Rows Page Size # of Pages
DSP56F801 2K x 16 bits (352135:233) 64 Z?BGrgvc\’/rso)'s 8
DSP56F803 4K x 16 bits (35215\12:?5) 128 2(586r‘(’)"v‘\’lrs‘;s 16
DSP56F805 4K x 16 bits (35215\12:335) 128 Z?SGrEVVC\’IrSO)'S 16
DSP56F807 8K x 16 bits (352132:258) 256 Z?BGrgvc\’/rsc)'s 32

In addition to the main block sizes shown in the table above, each DFLASH contains a
two row information block.

The dataflash isasingle-port flash. Other than size, its features are similar to those for the
program flash.
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Boot Flash (BFLASH)

5.6.1 Data Flash Block Diagram

A singleread from either port will be honored, so long as there is no valid access being
made on the other port. Data will always be erased/programmed from the core global data
bus (CGDB) regardless of mode. These changes ensure compatibility with the code
developed for the ROM-based DSP56F824, where the ROM sat on xab2/xdb2, while
giving additional flexibility to the new parts. The program/erase method used in the
DSP56F824 is not maintained for this configuration.

Figure 5-5. Data Flash Block Integration

XAB2 BUS >
> DATA
XAB1 BUS FLASH
56800 INTERFACE <@ pATA
CORE UNIT FLASH
(DFIU)

= IPBUS -b

T BRIDGE
DATA BUS

5.7 Boot Flash (BFLASH)

Devices described within this section use flash blocks as non-volatile memory. The flash
block is instantiated within the boot address space (BFLASH). BFLASH is connected to
the core busses via a boot flash interface.

BFLASH configurations for the devices described are:

Table 5-6. Boot Flash Main Block Organization

Total Size Row Size # of Rows Page Size # of Pages
. 512 bits 256 words
2 K X 16 bits (32 words) 64 (8 rows) 8

In addition to the main block sizes shown in the abovetable, each BFLASH contains atwo
row information block.
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Program/Data/Boot Flash Modes

5.7.1 Boot Flash Block Diagram

PROGRAM BUS

BOOT
56800 FLASH
UNIT FLASH
(BFIU)
PR IPBUS goa
? BRIDGE
DATA BUS

Figure 5-6. Boot Flash Block Integration

5.8 Program/Data/Boot Flash Interface Unit Features
This section details program, data, and boot flash interface unit features:

« Single port memory compatible with core pipelined program bus structure
» Single cycle reads at 40MHz across the automotive temperature range

« Word (16-bit) readable and programmable

e Supports memory organization as defined able 3-1

» Page erase and mass erase modes

« Can be programmed under software control in the customer’s system

5.9 Program/Data/Boot Flash Modes

« By changing the IFREN bit of the PFIU_CNTL register, the DFIU_CNTL register,
or the BFIU_CNTL register, the information block may be swapped for the main
memory block.

* Modes of operation include:
— Standby
— Read word
— Simple single word program operation
— Multiword programming (up to one row) possible
— Page erase
— Mass erase
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Functional Description of the PFIU, DFIU and BFIU

The PFLASH, DFLASH or BFLASH is automatically put in standby mode when
not being read, programmed or erased

Reads are disabled during program/erase operations
Interrupts are individually maskable
An interrupt will be generated for

— Reads out of range (trying to access a row past the first two in the information
block)

— Read attempted during program
— Read attempted during erase
— Any of seven internal timer timeouts used during program/erase operations

Intelligent erase and word programming features

5.10 Functional Description of the PFIU, DFIU and BFIU

The PFIU, DFIU and BFIU have internal timers for

— ts represents PROG/ERASE to NVSTR setup time
— twh and fy represent NVSTR hold times

— tygs represents NVSTR to program setup time

— tyoq FEPresents program time
— t,oc represents recovery time
— toae FEPresents erase time

— te represents mass erase time

These are initialized upon reset to default values expected to work correctly for
word programming and page erase operations. They may be overwritten by
application code after reset if it is necessary to change operation based upon flash
characterization data

All read/program/erase functions are terminated by a system reset
The flash will automatically be put in standby mode when not being accessed

During an erase cycle, all bits within the affected area are changed to one.
Programming a bit results in it being changed to zero. Bits can only be changed
back to one by erasing that section of memory adelt cannot be programmed

to one
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Flash Programming and Erase Models

5.11 Flash Programming and Erase Models

Please refer to figuresin Section 5.4 for flash timing relationships required in the
following intelligent word, dumb word programming, and intelligent erase operation.

The recommended flash programming mode is the intelligent word programming, as
described in Section 5.11.1. Although the dumb word programming is described in
Section 5.11.2, it is not the preferred method of programming the flash and it is not
recommended.

5.11.1 Intelligent Word Programming

Assuming the word in question has already been erased, a single 16-bit word may be
programmed through the following method:

1. Start with the flash in either standby or read mode. Read FIU_CNTL register to
insure thisistrue. All bits should be clear with the exception of IFREN. It may be
set. See Section 5.10.

2. Enable programming by setting the | PE bit and row number in the FIU_PE register.
To calculate the row number, use the following algorithm:

— Target_Address AND $7FFF divided by $20 equals ROW

— Or put differently, set the MSB of the target address to zero and right shift the
result five place

3. Set the IE[8] bit in the FIU_IE register to enablegpinterrupt if desired to flag
completion of programming.

4. Write the value desired to the proper word in the flash memory map. Note a single
location in the flash may map to different locations in the memory map based upon
the mode selected on startup. The FIU will adjust accordingly. This write to the
flash memory map, while the IPE bit is set, will start the internal state machine to
run the flash through its programming paces.

5. Do not attempt to access the flash again until the BUSY signal clears in the
FIU_CNTL register, corresponding to thg,tinterrupt when enabled.

6. When completed programming words, be certain to clear the IPE bit in the FIU_PE
register.

The intelligent programming feature can only program one word at a time. Multiple words
may be programmed by repeating the process, or by switching to the dumb word
programming method, outlined next.
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Flash Programming and Erase Models

5.11.2 Dumb Word Programming

Flash alows programming of one or more words in arow. Assuming the wordsin
question have already been erased, 16-bit words may be programmed viathe following
method:

1

© © N o g &

Start with flash in either standby or read mode. Read the BUSY bit in the
FIU_CNTL register ensuring it is clear.

Enable programming by setting the DPE bit and row number in the FIU_PE
register.

Write the value you wish to the desired word in the flash memory space. 1S[0] must
be clear before proceeding.

Set the XE and PROG hitsin the FIU_CNTL register.
Delay for t,s

Set the NVSTR bit in the FIU_CNTL register.

Delay for tpgs

Set the YE bitinthe FIU_CNTL register.

Delay for torog.

10.Clear the YE bitinthe FIU_CNTL register.

11. By writing to another location in the flash memory space, update the valuesin

FIU_ADDR and FIU_DATA if additional words are required, then loop back to
step eight above. Address changes must be limited to within asingle row. 150]
must be clear before proceeding. Attempts to change the FIU_CNTL register with
15 0] set will have no effect.

12. Clear the PROG bit in the FIU_CNTL register, must be a separate step from

clearing YE.

13. Delay for th

14.Clear the NVSTR and XE bitsinthe FIU_CNTL register.

15. Delay for t,q,.

16. The flash cannot be accessed directly when the process above is underway. The

program code for changing the program flash contents must be executing from
some other memory, either external ROM/RAM or internal program RAM.

The FIU timer registers cannot be used to generate interrupts for each of the delays above.
If interrupts are desired to generate the timing breakpoints for the dumb programming
process they must be generated from some other timing or interrupt source.
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Flash Programming and Erase Models

5.11.3 Intelligent Erase Operation

1. Start with the flash in either standby or read mode. Read FIU_CNTL register
ensuring thisistrue. All bits should be clear with the exception of IFREN. It may
be set. See Section 5.10.

2. Toflag completion of erase, set the IE[8] bit in the FIU_IE register to enableto t,,
interrupt.

3. Enable erase by setting the |1EE bit and page number in the FIU_EE register. To
calculate a page number, use the following algorithm:

— Target_Address AND $7FFF divided by $100 equals PAGE.

— Put differently, set the MSBf the target address to zero and right shift the
result eight places.

4. For a mass erase: set the page to $0. (Exception: when mass erasing bootflash of
56F807, set the page to $78.) Also, for a mass erase, the MAS1 bit of the
FIU_CNTL register must be set.

5. While the IEE bit is set, write any value to an address in the page to be erased. This
write to the flash memory map will start the FIU internal state machine, to run the
flash through its erase paces. Flash logic will erase the entire row, consequently, it
Is not necessary to YADR[4.0] sequence within FIU.

6. Do not attempt to access flash again until the BUSY signal clears in the FIU_CNTL
register, corresponding to thg tinterrupt, when it is enabled.

7. Ensure FIU_CNTL and FIU_EE registers are cleared when finished.

5.11.4 Memory Map & Register Definitions

The memory map and register definitions are the same for program flash interface unit
(PFIV), data flash interface unit (DFIU), boot flash interface unit (BFIU), and program
flash interface unit #2 (PFIU2). For each register, the corresponding letter

P =Program

« D=Data

« B =Boot
must be included in front of the FIU in both the register name and base address. For
example, the first register defined below is PFIU_CNTL at memory location

PFUI_BASE+$0, DFIU_CNTL at memory location DFUI_BASE+$0, and BFIU_CNTL
at memory location BFUI_BASE+$0.

The address of a register is the sum of a base address and an address offset. The base
address is defined as the corresponding FIU_BASE and the address. Offset is defined for
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Flash Programming and Erase Models

each register for the PFIU_BASE, PFIU2 BASE, DFIU_BASE, and BFIU_BASE
definition in Table 3-11.

5.11.4.1 Flash Control Register (FIU_CNTL)

When the BUSY is asserted in intelligent programming mode, all of the registers cannot
be written. In the dumb programming mode, only the address and data registers can be
written.

FIU_BASE+$0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read BUSY| O 0 0 0 0 0 0 0
. IFREN| XE | YE | PROG |ERASE|MAS1|NVSTR
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-7. Flash Control Register (FIU_CNTL)
See Programmer Sheet, Appendix C, on page C-27

5.11.4.1.1 Busy Bit (BUSY)—Bit 15

When the BUSY bit is asserted in intelligent programming mode, al of the registers
cannot be written. In the dumb programming mode, only the address and data registers can
be written.

5.11.4.1.2 Reserved Bits—Bits 14—7
These reserved bits cannot be modified. They are read as zero.
5.11.4.1.3 Information Block Enable Bit (IFREN)—Bit 6

When IFREN is asserted, the information block of the flash is enabled. The bit permits
write in al modes when the BUSY bit isclear. The IFREN bit has the following effect.
The IFREN bit has the following effect:

Table 5-7. IFREN Bit Effect

IFREN=1 IFREN=0

READ Read Information Block Read Main Memory Block

WORD PROGRAM Program Information Block Program Main Memory Block

PAGE ERASE Erase Information Block Erase Main Memory Block
MASS ERASE Erase Both Blocks Erase Main Memory Block
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Flash Programming and Erase Models

5.11.4.1.4 X Address Enable Bit (XE)—Bit 5

This bit enables the X address when asserted. It can be written only in the dumb
programming mode when the I § 0] bit isclear; read only in intelligent programming mode
to reflect the state of the flash XE pin.

5.11.4.1.5 Y Address Enable Bit (YE)—Bit 4

Thishit enablesthe Y address when asserted. It can be written only in dumb programming
mode when the |§[0] bit is clear; read only in intelligent programming mode to reflect the
state of the flash YE pin.

5.11.4.1.6 Program Cycle Definition Bit (PROG)—-Bit 3

The program cycle is enabled when the PROG bit is asserted. It can be written only when
the DPE bit is set and the |§[0] bit is clear; read only in intelligent programming mode to
reflect the state of the flash PROG pin. This bit cannot be set when either ERASE or
MASL is set.

5.11.4.1.7 Erase Cycle Definition Bit (ERASE)—Bit 2

The erase cycleis enabled when the ERA SE bit is asserted. It can be written only when the
DEE bit is set and the I1S[Q] bit is clear; read only in Intelligent Programming mode to
reflect the state of the Flash ERASE pin. This bit cannot be set when PROG is set.

5.11.4.1.8 Mass Erase Cycle Definition Bit (MAS1)—Bit 1

When the MASL bit is asserted, the mass erase cycle is enabled causing all pagesto be
automatically enabled. It can be written only when IEE or DEE are set and the BUSY bit
is clear. Theread value in the intelligent programming mode is a reflection of the state of
the flash MASL pin. It may not represent what was last written to the MASL bit. This bit
cannot be set when PROG is s&t.

5.11.4.1.9 Non-volatile Store Cycle Definition Bit (NVSTR)—BIit 0

The non-volatile store cycleis enabled when the NV STR bit isasserted. It can be modified
only in dumb programming mode when the I1S[Q] bit is clear; read only in intelligent
programming mode to reflect the state of the flash NVSTR pin.

Flash Memory Interface 5-17

@ MOTOROLA ..
Preliminary




Flash Programming and Erase Models

5.11.4.2 Flash Program Enable Register (FIU_PE)

Thisregister is reset upon any system reset. Thisregister can not be modified while the
BUSY bit isasserted. 1S[11] is asserted when this occurs.

FIU_BASE+$1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0
. DPE | IPE ROWI[9:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-8. Flash Program Enable Register (FIU_PE)
See Programmer Sheet, Appendix C, on page C-28

5.11.4.2.1 Dumb Program Enable (DPE)—Bit 15

Dumb programming is enabled when DPE is asserted. This bit cannot be set if any of |PE,
DEE, or |EE hits are already active. Before DPE can be cleared, the following must be
cleared: PROG, NVSTR, XE, and YE bitsinthe FIU_CNTL.

5.11.4.2.2 Intelligent Program Enable (IPE)—Bit 14

Intelligent programming is enabled when IPE is asserted. This bit cannot be set if any of
DPE, DEE, or |IEE bits are already active.

5.11.4.2.3 Reserved Bits—Bits 13-10
These reserved hits cannot be modified. They are read as zero.
5.11.4.2.4 Row Number (ROWI[9:0])—Bits 9-0

ROW represents the number of the row to be programmed. The ROW number is
calculated by forcing the MSB of the target address to zero and right shifting the result
five places.

To program arow, the row number must be written as ROW[9:0]. A write must be
performed to the same row to begin the programming sequence. Writing to adifferent row
will not start the state machine, nor enable PROG and NV STR. Interrupt source bit 1S[0]
Is set to indicate an error. Thisisintended as a double check against accidental
programming.

These checks also apply for the dumb programming mode.
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Flash Programming and Erase Models

5.11.4.3 Flash Erase Enable Register (FIU_EE)

Thisregister is reset upon any system reset. The register may not be written while the
BUSY bit is asserted. Should this happen, 1511] is asserted.

FIU_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0
) DEE | IEE PAGE[6:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-9. Flash Erase Enable Register (FIU_EE)
See Programmer Sheet, Appendix C, on page C-28

5.11.4.3.1 Dumb Erase Enable (DEE)—BIt15

Dumb erase is enabled when the DEE bit is asserted. This bit cannot be set if any of DPE,
IPE, or |EE bits are already active. ERASE, NVSTR, XE, and Y E must be cleared first
before DEE can be cleared.

5.11.4.3.2 Intelligent Erase Enable (IEE)—Bit 14

Intelligent erase is enabled when the |EE bit is asserted. This bit cannot be set if any of
DPE, IPE, or DEE bits are already active.

5.11.4.3.3 Reserved—Bits 13-7
These reserved hits cannot be modified. They are read as zero.
5.11.4.3.4 Page Number (PAGE[6:0])—Bits 6—-0

PAGE[6:0] must be set to the page number about to be erased. The page number is
calculated by forcing the MSB of the target address to zero and right shifting the result
eight places.

To erase apage, when MASL equals zero in FIU_CNTL, that page number must be
written to PAGE[6:0]. A write must be performed to the same page to begin the erase
sequence. Writing to adifferent page will not begin the intelligent erase state machine, nor
enable ERASE and NV STR. Interrupt source bit 15[0] is set to indicate an error. Thisis
intended as a double check against accidental erasure.

Similarly, set PAGE to be $00 when MAS1 equals one. An exception is when mass
erasing bootflash of 56F807. In that case, set the page to $78.

These checks also apply for the dumb erase mode.
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Flash Programming and Erase Models

5.11.4.4 Flash Address Register (FIU_ADDR)

Thisregister can beread as aregister on the IPbus. It is cleared upon any system reset.
Thisregister is designed for program development and error analysis.

FIU_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read A[15:0]
Write [ N R O I I [ | |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-10. Flash Address Register (FIU_ADDR)
See Programmer Sheet, Appendix C, on page C-29

Thisvalue of A[15:0] representsthe current program or erase address. It can beread at any
time.

Thisregister is set by attempting to write to memory space occupied by the flash memory.

When thiswrite is enabled, the event can begin the intelligent program/erase state
machines through their paces. Thisregister can only be set once at the start of an
intelligent program/erase operation. Until the BUSY bit clears, subsequent writes have no
effect on A[15:0], and an interrupt source (I5[1] or I§2]) is set to indicate an error. In
dumb program/erase mode this register will be latched whenever FIU_CNTL bits PROG,
ERASE, or NVSTR first go true and may only be changed after a negative edge of YE.

5.11.4.5 Flash Data Register (FIU_DATA)

Thisregister is cleared upon any system reset. The register is designed for program
development and error analysis.

FIU_BASE+$4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read D[15:0]
wie T T T T T T 1 T T T T T T ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-11. Flash Data Register (FIU_DATA)
See Programmer Sheet, Appendix C, on page C-29

Data Bits (D[15:0]) reflect the last value programmed, or the value written to initiate an
erase. FIU_ADDR and FIU_DATA are set ssimultaneously by writing to flash memory
space. Thisvalue can be read at any time.

Thisregister can only be set once at the start an intelligent progranverase operation. Until
the BUSY bit clears, subsequent writes have no effect on D[15:0], and an interrupt source
(19[1] or 192]) will be set to indicate an error.
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Flash Programming and Erase Models

5.11.4.6 Flash Interrupt Enable Register (FIU_IE)

Thisregister is reset upon any system reset. It may only be written when the BUSY bit is
clear. 1§/11] is asserted should this occur.

FIU_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0
. 1E[11:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-12. Flash Interrupt Enable Register (FIU_IE)
See Programmer Sheet, Appendix C, on page C-30

5.11.4.6.1 Reserved Bits—Bits 15-12
These reserved bits cannot be written and are read as zero.
5.11.4.6.2 Interrupt Enable Bits (IE[11:0])—Bits 11-0

Interrupt enables for 15[11:0] respectively. For example, if IE[3] is enabled, it can be
activated when itsinterrupt sourceistriggered. It is bit wise and of IE[3] and 15[ 3].
[P[11:0] = IE[11:0] AND 15[11:0]. To see a specific list of interrupt sources, refer to
Section 5.4.1 or details about each hit.

5.11.4.7 Flash Interrupt Source Register (FIU_IS)

Under normal operation, the user can only clear bitsin FIU_IS. IS source bits can be
cleared at any time. This register isreset upon any system reset.

FIU_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0
. I1S[11:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-13. Flash Interrupt Source Register (FIU_IS)
See Programmer Sheet, Appendix C, on page C-31

5.11.4.7.1 Reserved Bits—Bits 15-12
These reserved bits cannot be modified. They are read as zero.
5.11.4.7.2 Interrupt Source Bit (IS[11])—Bit 11

Thisinterrupt source bit is asserted when awrite to aregister is attempted whilethe BUSY
bit is asserted.

5.11.4.7.3 Interrupt Source Bit (IS[10])—Bit 10

Thisinterrupt source bit is asserted when awrite is attempted to FIU_CNTL during
intelligent program/erase.
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5.11.4.7.4 Interrupt Source Bit (IS[9])—Bit 9

Thisinterrupt source bit is asserted when thereis atgy,5 OF tg (€rase time) timeout.
5.11.4.7.5 Interrupt Source Bit (IS[8])—Bit 8

Thisinterrupt source bit is asserted when thereis at,, (recovery time) timeouit.
5.11.4.7.6 Interrupt Source Bit (IS[7])—Bit 7

Thisinterrupt source bit is asserted when there is a tyoq (Program time) timeout.
5.11.4.7.7 Interrupt Source Bit (IS[6])—Bit 6

Thisinterrupt source bit is asserted when there is a tygs (NVSTR to program setup time)
timeout.

5.11.4.7.8 Interrupt Source Bit (IS[5])—Bit 5

Thisinterrupt source bit is asserted when thereis at,, (NVSTR hold time) timeout.
5.11.4.7.9 Interrupt Source Bit (IS[4])—Bit 4

Thisinterrupt source bit is asserted when thereis at,,, (NVSTR hold time) timeout.
5.11.4.7.10 Interrupt Source Bit (IS[3])—Bit 3

Thisinterrupt source bit is asserted when thereis at,,,s (PROG/ERASE to NVSTR setup
time) timeout.

5.11.4.7.11 Interrupt Source Bit (IS[2])—Bit 2

Thisinterrupt source bit is asserted when an illegal flash read/write access is attempted
during erase.

5.11.4.7.12 Interrupt Source Bit (IS[1])—Bit 1

Thisinterrupt source bit is asserted when an illegal flash read/write access is attempted
during program.

5.11.4.7.13 Interrupt Source Bit (IS[0])—Bit 0

Thisinterrupt source bit is asserted when a flash program/erase access out-of-range is
attempted.
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5.11.4.8 Flash Interrupt Pending Register (FIU_IP)

Thisregister is only read and reset upon any system reset. Use this register for indirectly
controlling the interrupt service routine.

FIU_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 IP11 | IP10 | IP9 | IP8 | IP7 IP6 | IP5 | IP4 | IP3 IP2 IP1 IPO
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-14. Flash Interrupt Pending Register (FIU_IP)
See Programmer Sheet, Appendix C, on page C-32

5.11.4.8.1 Reserved Bits—Bits 15-12
These bits cannot be modified. They are read as zero.
5.11.4.8.2 Interrupt Pending Bits (IP[11:0])—Bits 11-0

Flash interface unit is asserting an interrupt to the core when any of IP[11:0] are asserted.
Interrupts are cleared by terminating the appropriate bit(s) in FIU_IS. IP[x] isabitwise
and of 1E[x] and I§[X].

For 1P[3] to be asserted, |1E[3] has to be enabled and | §[3] must be asserted. Thisis
because of the corresponding interrupt source being triggered. IP[11:0] = 1E[11:0] and
1§]11:0]. To see aspecific list of interrupt sources, refer to Section 5.11.4.7 for details
about each hit.

5.11.4.9 Flash Clock Divisor Register (FIU_CKDIVISOR)

Thisregister is reset during any system reset. It may only be changed when the BUSY bit
isclear. 1I911] is asserted should this occur.

FIU_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 0 0 0 0
) N[3:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Figure 5-15. Flash Clock Divisor Register (FIU_CKDIVISOR)
See Programmer Sheet, Appendix C, on page C-33

5.11.4.9.1 Reserved Bits—Bits 154
These bits cannot be modified. They are read as zero.
5.11.4.9.2 Clock Divisor (N[3:0])—Bits 3—-0

The bus clock is divided by 2N*D prior to clocking the torase ANt timers. The bus clock
prescale valuein nsis:
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(bus clock period) x 2(N*1)
The default prescale clock valueis 216 25ns = 16.384 x 10°ns.

A bus clock period of 25nsistypical. The bus clock prescale value in MHz is (bus clock
frequency) divided by 2N*1), This prescale value is only used by the teae and tye timers.

5.11.4.10 Flash Tgra5e Limit Register (FIU_TERASEL)

FIU_BASE+$A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
. TERASEL[6:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Figure 5-16. Flash Tg a5e Limit Register (FIU_TERASEL)
See Programmer Sheet, Appendix C, on page C-33

Thisregister is reset during any system reset. The register may only be changed when the
BUSY bitisclear. 1I511] is asserted should this occur.

5.11.4.10.1 Reserved Bits—Bits 157
These bits cannot be modified. They are read as zero.
5.11.4.10.2 Timer Erase Limit (TERASEL[6:0])—Bits 6-0

The bus clock is divided by 2N*D prior to clocking the te o timer. TERASEL isthe
maximum erase time expressed as a multiple of this divided clock. Therefore, the
maximum erase timeis:

216 x 27 x 25ns = 210ms
The defauilt ty e time = 216 x 24 x 25ns = 26.2ms

5.11.4.11 Flash T, Limit Register (FIU_TMEL)

Thisregister isreset during any system reset. This register may only be changed when the
BUSY bitisclear. 1I511] is asserted should this occur.

FIU_BASE+$A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
. TMEL[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Figure 5-17. Flash T, Limit Register (FIU_TMEL)
See Programmer Sheet, Appendix C, on page C-33

5.11.4.11.1 Reserved Bits—Bits 15-8

These bits cannot be modified. They are read as zero.

5-24 DSP56F801/803/805/807 User’s Manual

S @ MOTOROLA
Preliminary



Flash Programming and Erase Models

5.11.4.11.2 Timer Mass Erase Limit (TMEL[7:0])—Bit 7-0

The bus clock is divided by 2N*1 prior to clocking the t,,,, timer. TMEL is the maximum
mass erase time expressed as a multiple of this divided clock. Therefore, the maximum
erasetimeis:

216 x 28 x 25ns = 420ms
The default t, time = 216 x 2* x 25ns = 26.2ms

5.11.4.12 Flash Tys Limit Register (FIU_TNVSL)

Thisregister is reset during any system reset. It may only be changed when the BUSY bit
Isclear. 1I911] is asserted should this occur.

FIU_BASE+$B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0
) TNVSL[10:0]
Write
Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 5-18. Flash T, Limit Register (FIU_TNVSL)
See Programmer Sheet, Appendix C, on page C-34

5.11.4.12.1 Reserved Bits—Bits 15-11
These bits cannot be modified. They are read as zero.
5.11.4.12.2 Timer Non-Volatile Storage Limit (TNVSL[10:0])—Bits 10-0

The timeout value for thet,, s counter in terms of bus clocks. This counter controls the
PROG/ERASE to NV STR setup time of the flash. At a40MHz bus clock, the maximum
vaue of t, IS

25ns x 211 = 51.2)us
The default value of t.,¢is25ns x 28 = 6.4s

5.11.4.13 Flash T4 Limit Register (FIU_TPGSL)

Thisregister isreset during any system reset. It may only be changed when the BUSY bit
isclear. 1I911] is asserted should this occur.

FIU_BASE+$C 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0
) TPGSL[11:0]
Write
Reset 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1

Figure 5-19. Flash Togs Limit Register (FIU_TPGSL)
See Programmer Sheet, Appendix C, on page C-34
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5.11.4.13.1 Reserved Bits—Bits 15-12
These bits cannot be modified. They are read as zero.
5.11.4.13.2 Timer Program Setup Limit (TPGSL[11:0])—Bits 11-0

Timeout value for the t,,s counter in terms of bus clocks. This counter controls the
NV STR to program setup time of the flash. At an 40MHz bus clock, the maximum value
Of tyys IS:

pgs

25ns x 212 = 102.4s
The default value of ty is 25ns x 29 = 12.8s

5.11.4.14 Flash T .04 Limit Register (FIU_TPROGL)

FIU_BASE+$D 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0
. TPROGL[13:0]
Write
Reset 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

Figure 5-20. Flash Tprog Limit Register (FIU_TPROGL)
See Programmer Sheet, Appendix C, on page C-34

5.11.4.14.1 Reserved Bits—Bits 15-14
These bits cannot be modified. They are read as zero.
5.11.4.14.2 Timer Program Limit (TPROGL[13:0])—Bits 13-0

Timeout value for the t,, counter in terms of bus clocks. This counter controls the
program time of the flash. At an 40MHz bus clock, the maximum value of tq is:

25ns x 214= 409.6s
The default ty,, value is 25ns x 210 = 25.6s
5.11.4.15 Flash T Limit Register (FIU_TNVHL)

Thisregister is reset during any system reset. The register may only be changed when the
BUSY bitisclear. I§11] is asserted should this occur.

FIU_BASE+$E 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0
. TNVHL[10:0]
Write
Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 5-21. Flash T, Limit Register (FIU_TNVHL)
See Programmer Sheet, Appendix C, on page C-35

5.11.4.15.1 Reserved Bits—Bits 15-11

These bits cannot be modified. They are read as zero.
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5.11.4.15.2 Timer Non-Volatile Hold Limit (TNVHL[10:0])—Bits 10-0

Timeout value for the T,,,;; counter during page erase or program in terms of bus clocks.
This counter controls the NV STR hold time of the flash. At a40MHz bus clock, the
maximum value of t, is:

25ns x 211 = 51.2)us
The default value of t.,, is25ns x 28 = 6.4us

The counter controlled by this register is used for page erase mode only.

5.11.4.16 Flash Tyn; Limit Register (FIU_TNVHI1L)

Thisregister is reset during any system reset. It may only be changed when the BUSY bit
Isclear. 1I911] is asserted should this occur.

FIU_BASE+$F 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
. TNVH1L[14:0]
Write
Reset 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1

Figure 5-22. Flash T ,,,n1 Limit Register (FIU_TNVHL1L)
See Programmer Sheet, Appendix C, on page C-35

5.11.4.16.1 Reserved Bit—Bit 15
This reserved bit cannot be modified. It isread as zero.
5.11.4.16.2 Timer Non-Volatile Hold 1 Limit (T NVH1L[14:0])—Bits 14-0

Timeout value for the t,,; counter during mass erase in terms of bus clocks. This counter
controlsthe NV STR hold time of the flash. At a40MHz bus clock, the maximum value of

tnvhl IS

25ns x 215= 819.2us
The default value of t,,y is 25ns x 212 = 102.4us

The counter controlled by this register is used for mass erase mode only.

5.11.4.17 Flash T,., Limit Register (FIU_TRCVL)

Thisregister is reset during any system reset. The register may only be changed when the
BUSY bitisclear. 1IS[11] is asserted should this occur.
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FIU_BASE+$10 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0
. TRCVLI[8:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1

Figure 5-23. Flash T,, Limit Register (FIU_TRCVL)
See Programmer Sheet, Appendix C, on page C-35

5.11.4.17.1 Reserved Bits—Bits 15-9
These bits cannot be modified. They are read as zero.
5.11.4.17.2 Timer Recovery Limit (TRCVL[8:0])—Bits 8-0

Timeout value for the t,,, counter in terms of bus clocks. This counter controls the
recovery time of the flash. At an 40MHz bus clock, the maximum value of t,, is:

25ns x 29 = 12.8s
The default value of t,, is 25ns x 2° = 1.6ps

The counter controlled by thisregister is used for both page and mass erase modes.

5.11.4.18 Flash Interface Unit Timeout Registers

The timeout limit registers default to the correct values for 40MHz bus operation and will
require reprogramming for other bus frequencies. If programming is required, it would
occur during the power-up sequence, or as an integral part of the programming algorithm.
Program/erase times and their registers should never require reprogramming by the end
user.

The timeout limit registers are not allowed to be written while BUSY isasserted. 1§ 11] is
asserted should this occur. 193] through 1S[9] will be set when the various timers reach
the values specified in the timeout limit registers.

5.11.4.18.1 Reset

A reset asserted for any reason should switch the flash into the standby mode. If a
program/erase is interrupted in progress by areset, data within the enabled area of the
flash will be indeterminate.

5.11.4.18.2 BUSY
The BUSY bitinthe FIU_CNTL register will be set if any of the following are true:

 If PROG is asserted
 |fNVSTR is asserted
 |If ERASE is asserted
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If thet,., counter isrunning intelligent program/erase modes flash reads should not be
attempted while BUSY is asserted. The core should be prevented from entering sleep or
low-power mode if BUSY isasserted OR FIU_IS not equal to $0000. The BUSY bit is
cleared once PROG, NVSTR, ERASE, XE and Y E bits have been cleared.

5.11.4.18.3 Interrupts

The FIU OR’s all bits in the FIU_IP register to determine the value of the single interrupt
signal presented to the host processor interrupt controller.

The interrupt pending register (FIU_IP) is equal to the bit-amging of the interrupt

enable register (FIU_IE) and the interrupt source register (FIU_1S). Interrupt sources may
be polled at any time (in the FIU_IS register), even if those sources are disabled. The
FIU_IP register reflects only those sources causing an interrupt to the host processor.

« Interrupts must be cleared by clearing the appropriate bit in the FIU_IS register.
This is done by the core under software control

* The FIU is responsible for generating read-of-range-interrupts when the
information block is enabled. But an attempt must also be made to access past the
two rows of that particular block, but within the overall size of the main block. The
FIU is not responsible for generating interrupts for accesses outside of this range

» If the host processor attempts a read or write to the flash while it is being erased or
programmed, the FIU will generate an interrupt. It will not affect the contents of the
limit register in question if the corresponding enable bit in FIU_IE is set

« Writes to the FIU_CNTL register are prohibited once the intelligent program/erase
sequences are begun by the FIU state machine. It is not legal to change these
settings until after the program/erase task is complete and the BUSY bit is clear.
Any attempt to do so will not affect the register contents, and may cause an error
interrupt to be posted if the corresponding enable bit in FIU_IE is set

Flash Memory Interface 5-29

@ MOTOROLA ..
Preliminary



Flash Programming and Erase Models

5-30

DSP56F801/803/805/807 User’s Manual
Preliminary

@ MOTOROLA



Chapter 6
External Memory Interface

External Memory Interface 6-1

@ MOTOROLA .
Preliminary



DSP56F801/803/805/807 User’s Manual
Preliminary

@ MOTOROLA



Pin Descriptions

6.1 Introduction

The DSP56F803/805/807 provide a port for external memory interfacing. This chapter
details the pins and programming specifics for an external memory interface, also known
as Port A. This port provides 16 pins for an external address bus, 16 pins for an external
data bus, and four pins for bus control. Together, these 36 pins comprise Port A.

6.2 External Memory Port Architecture

Figure 6-1illustrates the general block diagram of the DSP56F803/805/807 input/output.

Default

: Function

External

X > A15-A0 )

Address MUX

Externe.ll «—>» D15-DO0 External

Data Switch Memory
L » RD Interface

Bus Control ﬂR (Port A)
—> PS
[ > bs )

Figure 6-1. DSP56F803/805/807 Input/Output Block Diagram

6.3 Pin Descriptions

The names of the DSP56F803/805/807 external memory port pins are as follows:

* Address bus output (A15-0)
e Data bus (D15-0)

« Read enable (RD

« Write enable (WR

« Program memory select (PS
« Data memory select (DS
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6.4 Register Summary
The DSP56F803/805/807 has a single register named bus control register (BCR).

6.5 Port A Description

The external memory interface, also referred to as Port A, is the port through which all
accesses to external memories and external memory-mapped peripherals are made. This
port contains a 16-bit address bus, a 16-bit data bus, and four bus control pinsfor strobes.
The external memory interface uses one programmable register for bus control, the BCR.

Software-controlled wait states can be introduced when accessing slower memories, or
peripherals. Wait states are programmable using the BCR register. Figure 6-3 and 6-4
illustrate bus cycles with and without wait states.

The BCR, located at X:$FFF9, is a 16-bit, read/write register used for inserting software
walit states on accessesto external program or data memory. Two 4-bit wait statefields are
provided, each capable of specifying from zero, four, eight, or 12-wait states. On
processor reset, each wait state field is set to $C so 12-wait states are inserted, allowing
slower memory to be used immediately after reset. Bits zero, one, four, and five are
ignored in determining the wait states. Therefore, writing values other than zero, four,
eight and 12 will result in the nearest lower count wait state.

BCR—X:$FFF9 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 | wait State Field for External | Wait State Field for External
. DRV
Write X-Memory P-Memory
Reset 0 0 0 0 0 0 0 7 1 1 0 0 1 1 0 0

Figure 6-2. Bus Control Register (BCR)
See Programmer Sheet, Appendix C, on page C-21

6.5.1 Reserved Bits—Bits 15-10 and 8

Bits 15-10 and 8 are reserved and read as zero during read operations. These bits should
be written with zero, assuring future compatibility.

6.5.2 Drive (DRV)—Bit 9

The drive (DRV) control bit is used to specify what occurs on the external memory port

pins when no external access is performed—whether the pins remain driven or are placed
in tri-state.T able 6-2 and6-3 summarize the action of the DRV bit. The DRV bit is

cleared on hardware reset.
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6.5.3 Wait State X Data Memory (WSX[3:0])—Bits 7-4

The wait state X data memory (WSX[3:0]) control bits allow programming of the wait
states of external X datamemory. Table 6-1 illustrates the wait states provided with these
bits. The WSX[3:0] and the WSP[3:0] bits are programmed in the same fashion, but do not
need to be set to the same value.

Table 6-1. Programming WSP[3:0] and WSX[3:0] Bits for Wait States

Bit String Hex Value Number of Wait States
0000 $0 0
0100 $4 4
1000 $8 8
1100 $C 12

6.5.4 Wait State P Memory (WSP[3:0])—Bits 3—-0

The wait state program memory (WSP[3:0]) control bits allow for programming of the
wait states for external program memory. These bits are programmed as shown in
Table 6-1.

Note: Bits zero and one in the 4-bit string of Table 6-1 for both WSP[3:0] and
WSX]3:0] areignored in evaluating the number of wait states to be inserted.
That is, writing avalue of 0111 would still require four wait states.

Figure 6-3 on the following page, illustrates an example of the bus cycles without wait
states. Thistiming relationship will not function ideally at an 80MHz frequency, but it will
function according to the figure at lower frequencies. The critical factor isthe data must
have stabilized before the beginning of the T3 period, as demonstrated by the dark gray
areain Figure 6-3.

Figure 6-4 displays an example of the bus cycles with wait states. For more information
on wait states, see the corresponding chip’s technical data sheet.
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Da}ta Out |

CLKO

A15-A0

D15-D0

Bus Operation (Read/Write—Zero Wait States)

TO T1 T2 Tw T2 Tw T2 Tw T2 Tw T2 T3 TO T1 T2 Tw T2 Tw T2 Tw T2 Tw T2 T3 TO T1

=
]
&
<
[a)]

Figure 6-4. Bus Operation (Read/Write—Four Wait States)
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Port A Description

6.5.5 Pins in Different Processing States

The DSP56800 core can be in one of six processing states, also called modes:

Normal.

Exception.

Reset.

Wait 6
Stop.

6. Debug.

a c WD

In the normal mode, each instruction cycle has two possible cases—either the processor
needs to perform an external access, or all accesses are accomplished internally. Exception
processing is similar. In the case of an external access, the address and bus control pins are
driven to perform a normal bus cycle. The data bus is also driven if the access is in a write
cycle.

In the case where there is no external access on a particular instruction cycle, one of two
things may occur:

1. The external address bus and control pins can remain driven with their previous
values.

2. They can be tri-stated.

Note: The pull-ups for the address, data, and control pins are normally enabled by the
state of the DRV bit. The data, control, and address [5:0] pull-ups may be
disabled by setting the appropriate bits in the SYS_CNTL register in the reset
wait module. The pull-ups for address bits [15:8] are controlled by the GPIOA
PUR register. The pull-ups for address bits [7:6] are controlled by the GPIOE
PUR register bits[3:2].

The reset modalways tri-states the external address bus and internally pulls control pins
high. The STOP and WAIT modes, however, either tri-state the address bus and control
pins or let them remain driven with their previous values. This selection is made based on
the value of the DRV bit in the BCR able 6-2 and6-3 describe the operation of the

external memory port in these different modes. The debug mode is a special state used to
debug and test programming code. This state is detaigattiion 9 of the DSP56800

Family Manual, DSP56800FM/ADThe state is not described in the following tables.
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Table 6-2. Port A Operation with DRV Bit =0

Pins
A0-A15 PS, DS, RD, WR D0-D15
Normal mode, external access Driven Driven Driven
Normal mode, internal access Tri-stated Tri-stated Tri-stated
Tri-stated Tri-stated Tri-stated
Tri-stated Tri-stated Tri-stated
Tri-stated Pulled high internally Tri-stated
Table 6-3. Port A Operation with DRV Bit =1
Pins
A0-A15 PS, DS, RD, WR DO-D15
Normal mode, external access Driven Driven Driven
Normal mode, internal access Driven Driven Tri-stated
Driven Driven Tri-stated
Driven Driven Tri-stated
Tri-stated Pulled high internally Tri-stated

The data lines are driven during normal mode external fetch only during an external write

cycle.
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General Purpose Input/Output (GPIO)
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Introduction

7.1 Introduction

The DSP56F801/803/805/807 genera purpose input/output (GPIO) is designed to share
package pins with other peripherals on the chip. If aperipheral isnot required, the pin may
be programmed as input, output, or level-sensitive interrupt input. GPIOs are placed on
the chip in groups of eight bits. General purpose input/output pins and their respective
connections with some peripheral devices for the DSP56F805 are illustrated in

Figure 7-2. Logic associated with just one of those eight bitsis set out in Figure 7-3. For
information about which GPIO pins are multiplexed and shared with other peripherals,
please refer to Chapter Two, Pin Descriptions.

Summary: Dedicated and Multiplexed GPIOs
DSP56F801----Has no dedicated GPIOs; but 11 multiplexed GPIOs on Ports A and B
DSP56F803----Has no dedicated GPIOs; but 16 multiplexed GPIOs on Ports A and E

DSP56F805----Has eight dedicated pins on Port B while the lower six pins of Port D are
dedicated GPIO. There are 18 multiplexed GPIOs available on Ports A, D, and E

DSP56F807----Has 14 dedicated pins on Ports B and D while there are 18 multiplexed
GPIOs available on Ports A, D, and E
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—P PA2/td2

— PAl/td1l

~&— PAQ/td0

TIMER D <:>
MPIO
PORT A
INTERRUPTS
-
<—
S
MPIO
xtal «—» PORT B
extal €—p
SPI

l@—p PB7/ss_b
r— PB6/miso
@—p PB5/mosi
r— PB4/sclk
g—p» PB3/xtal
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<¢—® PB1/rxd0

<@——p PB00/txd0

Figure 7-1. Block Diagram Showing DSP56F801 GPIO Connections
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¢—p GPIOA7/AL5
q—Pp GPIOAG/AL4
GPIO <¢—p GPIOAS5/AL3
EXTERNAL <:> PORT A <—» GPIOA4/A12
ADDRESS BUS <€4—P GPIOA3/A1l
[15:8] & [7:6] <¢—® GPIOA2/A10
<4—» GPIOA1/A9
¢—» GPIOAOD

q—p GPIOB7
@« GPIOB6
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<« GPIOD1
<«—» GPIODO )

@« p GPIOE7/SS
@ GPIOE6/MISO

GPIO l<@—p GPIOE5/MOSI

<«
L
PORTE |l GPIOE4/SCLK
SPI <« > GPIOE2/A6
<:::> <« GPIOE1/RXDO

¢—p GPIOE3/A7
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Figure 7-2. Block Diagram Showing DSP56F803/805/807 GPIO Connections
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To

DSP56800 P A
< | - Circuit that IPOL
| IES generates
nterrupt | e |ESR
Controller register
— IEN 10 CELL
PE — r—— - - - - - — a
DD — I ‘ I
0 | GPIO|
D_out PE | ‘ pin-|
1 I I
D_in | |
Data Register | O | ’ |
Peripheral Data Out L | |
I I
N 4

Peripheral Data In @_PE
Peripheral Out Enable ; 1

DD

On-Chip Peripheral

Figure 7-3. Bit-Slice View of the GPIO Logic

Each GPIO pin can be configured in three ways.

1. Aninput, with or without pull-up.
2. Aninterrupt.
3. Anoutput.

DSP56F803/805/807 GPIO's pull-ups are configured by writing the PUR control register
and the DDR when the PER is set to zero. When PER is set to one the pull-ups are
controlled by the PUR and the direction of the peripheral used. In any case, if the 1/O is set
to be an output, the pull-up is disabled. The DSP56F803/805/807 GPIO interfaces with the
following on-chip devices:

+ External address bus

e SCIO
« SCI1
« SPI
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r———- - - - - - - - - " - " - " """ = = = = A
| |
| L |
| data_wr |
| write_en_b IES |
| b e |
| I - |
| IPOL |
- e |
| GPIO pin ck Qb | ck Qb |
| |
Lo - |

Figure 7-4. Edge Detector Circuit

7.2 GPIO Interrupts
The GPIO has two types of interrupts—

1. Software interrupt for testing purposes.
2. Hardware interrupt from the corresponding GPIO pin.

The software interrupt assert register (IAR) can be tested by writing ones to the IAR. The
interrupt pending register associated with the GPIO (GPIO_IPR) will record the value of
IAR. The GPIO_IPR can be cleared by writing zeros into the IAR during the IAR testing.

Note: When testing the IAR, the interrupt polarity register (IPOLR), interrupt edge
sensitive register (IESR) and interrupt enable register (IENR) must be set to
zero guaranteeing the interrupt registered in the GPIO_IPR is due to IAR only.

When a GPIO is used as an interrupt, the IAR must be set to zero and both the IPOLR and
IENR must be set to one for an active low interrupt. When signal at the GPIO pin goes
low; when interrupts are active low, polarity will be detected and goes through the edge
detection mechanism. ReferRayure 7-4 for an illustration. The value will be seen at the
IESR, and recorded by the GPIO_IPR. The GPIO_IPR can be cleared by writing zeros
into the IESRs. If IPOLR is set to zero, the interrupt at the GPIO pin is active high.

To present only a single interrupt to the DSP56800 core, the eight interrupt signals receive
an overrun flag. The interrupt service routine must then check the contents of the interrupt
pending register determining which pin(s) caused the interrupt.
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External interrupt sources must remain asserted until cleared viatheir respective interrupt
service routines.

Table 7-1. GPIO Interrupt Assert Functionality

IPOLR Interrupt Asserted Remark

If the IENR is set to 1, as the GPIO pin
0 High goes to high an interrupt will be
recorded by the GPIO_IPR register.

If the IENR is set to 1, as the GPIO pin
1 Low goes to low an interrupt will be recorded
by the GPIO_IPR.

7.3 GPIO Register Summary

Each GPIO module has nine, 8-bit registers. These are displayed in Table 7-2.
Table 7-2. GPIO Registers with Their Reset Values

Binary Reset
Register Description State for Remark
Lower 8 bits
. Pull-ups are enabled. (See
- 0,
PUR Pull-up Enable Register 0011111111 Table 7-3)
DR is used for data interface
DR Data Register %00000000 between the GPIO pin and the
IPbus.
N . GPIO is set to an input. If DDR is
0,
DDR Data Direction Register %00000000 one the GPIO becomes an outpt.
Peripheral controls the GPIO. The
PER Peripheral Enable Register %11111111 PER does not determine the
direction of the 10
IAR Interrupt Assert Register %00000000 No interrupt.
IENR Interrupt Enable Register %00000000 Interrupt is disabled.
When set to 1, the interrupts are
IPOLR Interrupt Polarity Register %00000000 active low, and when set to 0,
interrupts are active high.
GPIO_IPR Interrupt Pending Register 9600000000 | VO Interruptis registered. A 1
indicates an interrupt.
IESR Interrupt Edge Sensitive Register %00000000 Qe:lt.elgijelzates thatan edge has been

For more information on GPIO registers on Port A, please refer to Table 3-34. GPIO
registers on Port B areillustrated in Table 3-35. GPIO registers on Port D are referenced
in Table 3-36, while GPIO registers on Port E are illustrated in Table 3-37.

Table 7-3 illustrates the state of the GPIO pin and pull-up resistor.
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Table 7-3. GPIO Pull-Up Enable Functionality

out bisable | PER | PUR | DoR | SGEE | D
X 0 0 0 Input Disabled
X 0 0 1 Output Disabled
X 0 1 0 Input Enabled
X 0 1 1 Output Disabled
0 1 X X Output Disabled
1 1 0 X Input Disabled
1 1 1 X Input Enabled

Note: When the periphery enable register (PER) is a zero, the pull-up enable register
(PUR) and the data direction register (DDR) control the GPIO pin pull-up.
When the PER is aone, the GPIO pin pull-up is controlled by the PUR and
peripheral output enable. The PUR value is recognized when the GPIO pinis
configured as an input only.

The dataregister (DR) is used to pass datato the GPIO pin or the IPbus. It isalso used to
store data from the GPIO pin and the | Pbus.
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Table 7-4. GPIO Data Transfers between GPIO pin and IPBus

Peripheral GPIO
Out Enable PER DDR Pin State Access Data Access Result
X 0 0 Input Write to DR Data is yvrltten into DR by IPBus. No effect on the
GPIO pin value.
X 0 1 Output Write to DR Data is written into thg DR by the IPBus. DR
value seen at GPIO pin.
X 0 0 Input Read from DR GPIO pin state is read by the IPBus. No effect on
DR value.
X 0 1 Output Read from DR DR valu_e is read by the IPBus. DR value seen at
GPIO pin.
1 1 X Input Write to DR Data is yvrltten into the DR by IPBus. No effect on
GPIO pin value.
0 1 X Output Write to DR Data is wnttep into the DR by the IPBus.
p_mp_odata is seen at GPIO pin.
DR value is read by the IPBus. No effect on the
1 1 X Input Read from DR GPIO pin or DR value.
0 1 X Outout Read from DR DR value is read by the IPBus. p_mp_odata is
P seen at the GPIO pin.

7.4 Chip Specific Configurations
Table 7-5. GPIO Assignments

Port A Port B Port D Port E
DSP56F801 8 Shared 3 Shared
DSP56F803 8 Shared 8 Shared
DSP56F805 8 Shared 8 Dedicated 6 Dedicated, 2 Shared 8 Shared
DSP56F807 8 Shared 8 Dedicated 6 Dedicated, 2 Shared 8 Shared

Dedicated GPIOs areintended only for use as GPIOs. Shared or muxed indicates pins may
aternately be used as GPIO; however they are typically used for other functions. The
programming model isidentical for dedicated versus shared GPIO. Dedicated GPIOs have
simply had their peripheral data out and enable inputstied to Vpp, that is, the peripheral
data out is disabled.

7.5 Programming Model

Each GPIO register contains eight bits, each performing an identical function for one of
the eight GPIO pins controlled by its port. The address of aregister isthe sum of abase
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address and an address offset. The base addressis defined at the MCU level. The address
offset is defined at the module level. Please refer to Table 3-11 for the GPIOA_BASE,
GPIOB_BASE, GPIOD_BASE, and GPIOE_BASE definitions.

For example, the PUR register for GPIO on Port A, iscaled GPIO_A_ PUR and isfound
at memory location GPIOA_BASE+%$0.

Note: Make sure to consider the specific chip’s available GPIO ports. Not all GPIO
ports are available on all chips. DSP56F801 has GPIO on Ports A and B.
DSP56F803 has GPIO on Ports A and E. DSP56F805 and DSP56F807 have
GPIO on Ports A, B, D, and E.

7.5.1 Pull-Up Enable Register (PUR)

The PUR is for pull-up enabling and disabling. If an MPIO pin is configured as an input,
the PUR will enable the pull-ups if it is set to one. If the PUR is set to zero, the pull-ups
will be disabled. If the MPIO pin is configured as an output, the PUR has no effect. See
Table 7-3 for all possible combinations. This is a read/write register. The PUR is set to
one on processor reset.

GPIO_BASE+$0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
. PU[7:0]
Write
Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 7-5. Pull-Up Enable Register (PUR)
See Programmer Sheet, Appendix C, on page C-36

7.5.2 Data Register (DR)

The purpose of DR is for holding data coming either from the GPIO pin or the IPbus. That
is, the DR is the data interface between the GPIO pin and the IPbusal8$e&-4 for
data transfers between the GPIO pin and the IPbus.

GPIO_BASE+$1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
) D[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-6. Data Register (DR)
See Programmer Sheet, Appendix C, on page C-36

7.5.3 Data Direction Register (DDR)

When the PER is set to zero, the GPIO pin is configured either as input or output by the
DDR. When DDR is set to zero, the GPIO pin is an input with pull-up device while PUR
Is set to one, or without the pull-up device, if PUR is set to zero. When the DDR is set to
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one the GPIO pinisan output. See Table 7-3 for more information. Thisisaread and

write register.
GPIO_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
) DD[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-7. Data Direction Register (DDR)
See Programmer Sheet, Appendix C, on page C-37

7.5.4 Peripheral Enable Register (PER)

The peripheral enable register (PER) isread and write register. This register determines

the GPIO’s configuration. When the PER value is zero, the peripheral manages the GPIO
pin. This mastery includes configuring the GPIO pin as a required input, with or without
pull-up. It also may be an output, depending on the status of the peripheral output enable.
It includes data transfers from the GPIO pin to the peripherall 8ge 7-3 for more

details.

When the PER value is zero, the DDR determines the direction of data flow. When DDR
Is zero, the GPIO pin is input only. When DDR is one the GPIO pin is an output only.

GPIO_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
. PE[7:0]
Write
Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 7-8. Peripheral Enable Register (PER)
See Programmer Sheet, Appendix C, on page C-38

7.5.5 Interrupt Assert Register (IAR)

This is a read/write register. The interrupt assert register (IAR) is only for software testing.
When the IAR is one an interrupt is asserted and can be cleared by writing zeros into the

IAR.
GPIO_BASE+$4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
, IA[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 7-9. Interrupt Assert Register (IAR)
See Programmer Sheet, Appendix C, on page C-39
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7.5.6 Interrupt Enable Register (IENR)

Thisisaread/write register. It enables or disables the edge detection for any incoming
interrupt from the GPIO pin. Thisregister is set to one for interrupt detection. The
interrupts are recorded in the GPIO_IPR.

GPIO_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
) IEN[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-10. Interrupt Enable Register (IENR)
See Programmer Sheet, Appendix C, on page C-39

7.5.7 Interrupt Polarity Register (IPOLR)

Thisread/write register is used for polarity detection caused by any external interrupts.
When thisregister is set to one, the interrupt at the GPIO pinis active low. When this
register is set to zero, the interrupt seen at the GPIO pinis active high. Thisistrue,
however, only when the IENR is set to one. There is no effect on the interrupt if the IENR
IS set to zero.

GPIO_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
. IPOL[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-11. Interrupt Polarity Register (IPOLR)
See Programmer Sheet, Appendix C, on page C-40

7.5.8 Interrupt Pending Register (GPIO_IPR)

Thisread only register is used to record any incoming interrupts. Read this register to
determine which pin has caused an interrupt. The register is cleared by writing zeros into
the AR when theinterrupt is caused by software. For external interrupts, the GPIO_IPRis
cleared by writing zeros into the interrupt edge sensitive register (IESR).

GPIO_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 GPIO_IPR[7:0]
Write | [ N I
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-12. Interrupt Pending Register (GPIO_IPR)
See Programmer Sheet, Appendix C, on page C-40
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7.5.9 Interrupt Edge Sensitive Register (IESR)

The IESR records the interrupt, detecting an edge by the edge detector circuit, and the
IENR will be set to one. Thisisillustrated in Table 7-4. Thisis aread/write register;
however, the only time the register can receive writing isto clear the GPIO_IPR. Only
write zeros into this register to clear the GPIO_IPR.

Note: Writing ones into this register will result in false interrupts.

GPIO_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
. IES[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 7-13. Interrupt Edge-Sensitive Register (IESR)
See Programmer Sheet, Appendix C, on page C-41

7.6 GPIO Programming Algorithms

Example 7-1. Algorithm for Port B Pins as Inputs Used for Receiving Data

* INPUT for Port B

— START EQU  $0080 ;Start of program
— PBPUR EQU  $0FCO ;Port B pull-up register
— PBDR EQU $0FC1 ;Port B data register
— PBDDR EQU $0FC2 ;Port B data direction register
— PBPER EQU $OFC3 ;Port B peripheral register
— PBIAR EQU $0FC4 ;Port B interrupt assert register
— PBIENR EQU $O0FC5 ;Port B interrupt enable register
— PBIPOLR EQU $0FC6 ;Port B interrupt polarity register
— PBIPR EQU $O0FC7 ;Port B interrupt pending register
— PBIESR EQU $0FCS8 ;Port B interrupt edge sensitive
register
— data_i EQU  $0001 ;data input
« Vector Setup
— ORG P:$0000 ;Cold Boot
— JMP START ;Hardware RESET vector
— ORG P:START ;Start of program
e General Setup
— MOVE #$0200,X:BCR ;External memory has O states
e Port B Setup
— MOVE #$0000,X:PBIAR ;Disable Port B interrupts
— MOVE #$0000,X:PBIENR  ;Disable Port B interrupts
— MOVE #$0000,X:PBIPOLR ;Disable Port B interrupts
7-14 DSP56F801/803/805/807 User’'s Manual

S @ MOTOROLA
Preliminary



GPIO Programming Algorithms

— MOVE #$0000,X:PBIESR  ;Disable Port B interrupts

— MOVE #$0000,X:PBPER ;Configures Port B pins as dedicated
GPIOs

— MOVE #$0000,X:PBDDR ;Selects Port B pins as inputs
(default)

e Main Routine

— INPUT ;Input Loop

— MOVE X:PBDR,X0 ;Read PBO-PB7 into bits 0-7 of "data_i"

— MOVE X0,X:data_i ;Memory to memory move requires 2 moves

— BRA INPUT

Example 7-2. Algorithm for Port B Pins as Outputs Used for Sending Data
e INPUT for Port B

— START EQU $0080 ;Start of program
— PBPUR EQU $0FCO ;Port B pull-up register
— PBDR EQU $0FC1 ;Port B data register
— PBDDR EQU $0FC2 ;Port B data direction register
— PBPER EQU $OFC3 ;Port B peripheral register
— PBIAR EQU $0FC4 ;Port B interrupt assert register
— PBIENR EQU $0FC5 ;Port B interrupt enable register
— PBIPOLR EQU $0FC6 ;Port B interrupt polarity register
— PBIPR EQU $0OFC7 ;Port B interrupt pending register
— PBIESR EQU $0FCS8 ;Port B interrupt edge sensitive
register
— data_o EQU  $0001 ;data input
¢ Vector Setup
— ORG P:$0000 :Cold Boot
— JMP START ;Hardware RESET vector
— ORG P:START ;Start of program
e General Setup
— MOVE #$0200,X:BCR ;External memory has O states
e Port B Setup
— MOVE #$0000,X:PBIAR ;Disable Port B interrupts
— MOVE #$0000,X:PBIENR ;Disable Port B interrupts
— MOVE #$0000,X:PBIPOLR ;Disable Port B interrupts
— MOVE #$0000,X:PBIESR ;Disable Port B interrupts
— MOVE #$0000,X:PBPER ;Configures Port B pins as dedicated
GPIOs
— MOVE #$FFFF,X:PBDDR ;Selects Port B pins as outputs
@ MOTOROLA General Purpose Input/Output (GPIO) 7-15
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Main Routine

— OUTPUT

— MOVE X:data_0,X0
PBO-PB?7.

— MOVE X0,X:PBDR

— BRA OUTPUT

;Output Loop
;Put bits 0-7 of "data_o" on pins

;Memory to memory move requires 2 moves

7-16
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Chapter 8
Motorola Scalable Controller Area
Network (MSCAN)
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Features

8.1 Introduction

The Motorola scalable controller area network (MSCAN) is available on three of the four
DSP core-based family chips. DSP56F803/805/807. Only the DSP56F801 has no
MSCAN.

The MSCAN definition is based on the MSCAN12 definition, the specific implementation
of the Motorola scalable CAN concept, originally targeted for the Motorola M C68HC12
micro controller family.

The module is a communication controller implementing the CAN 2.0 A/B protocol, as
defined in the Bosch Soecification dated September 1991. To fully understand the
MSCAN specification, we recommend first reading the Bosch Specification adapting to
terms and concepts contained within this document.

The CAN protocol was primarily designed to be a vehicle serial data bus, meeting the
specific requirements of that field such as:

* Real-time processing

* Reliable operation in the EMI environment of a vehicle

» Cost-effectiveness

* Required bandwidth
The transmission frames in CAN is similar to the ethernet protocol, except for different
collision avoidance. To send a ready frame, each station listens for the idle bus state. Once
recognized, each node starts sending its frame. If a node sends a one but reads back a
zero, then it stops transmission and goes into the idle listen mode. Each frame is marked
by a unique CAN protocol header, so after transmission of 11 bits, 29 for CAN 2.0B, only

one node always wins arbitration. The side effect of the CAN arbitration schema is a
unique priority for each frame deemed very important for critical processing.

MSCAN utilizes an advanced buffer arrangement resulting in a predictable real-time
behavior, simplifying the application software.

8.2 Features

Basic features of the MSCAN:

* Modular architecture

* Implementation of the CAN protocol—Version 2.0A/B
— Standard and extended data frames
— Zero to eight bytes data length
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— Programmable bit rate up to 1Mbps
— Support for remote frames
» Double-buffered receive storage scheme

« Triple-buffered transmit storage scheme with internal prioritization usioggh
priority concept

» Flexible identifier filter capable of masking supports two full-size extended
identifier filters: two 32-bit, four 16-bit, or eight 8-bit filters

* Programmable wake-up functionality with integrated low-pass filter
* Programmable loop back mode supports self-test operation

» Separate signalling and interrupt capabilities for all CAN receiver and transmitter
error states: warning, error passive, bus-off

* Programmable MSCAN clock source, either IPbus clock or crystal oscillator output
» Three low power modes: sleep, soft reset and power down

8.3 Pin Definitions

The MSCAN uses two external pins: receive input, MSCAN_RXTransmit output and
MSCAN_TX. The MSCAN_TX output pin represents the logic level on the CAN:

e 0 =dominant state
« 1 =recessive state

When the MSCAN is enabled, (CANE = 1) via the CANCTL1 register, MSCAN_RXis
the dedicated input pin and MSCAN_TX is the dedicated output pin, or open-drain output.
The MSCAN_RX pin has an internal pull-up.

A typical CAN system with MSCAN is illustrated Figure 8-1. Each CAN station is
connected physically to the CAN bus lines through a transceiver chip. The transceiver is
capable of driving the large current required by the CAN bus. It has current protection
against defected CAN or defected stations.
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CAN NODE 1 CAN NODE 2 CAN NODE n

MCU

CAN CONTROLLER (MSCAN)

ERROR 4—‘

SLEEP/WAKE-UP MSCAN_RX

Y A

MSCAN_TX FILTER
* BUS INTERFACE 4

TRANSCEIVER

CAN_H CAN L

CAN BUS

Figure 8-1. CAN System
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8.4

Block Diagram

The following figure illustrates the MSCAN organization functions.

8.5

-
MESSAGE FILTERING
AND
BUFFERING
> l@—— MSCAN_RX
RECEIVE/TRANSMIT
ENGINE
A t | g MSCAN_TX
CONTROL
AND e
STATUS

R

MODULE BUS INTERFACE (IPbus)

'

MASTER BUS (IPbus)

Figure 8-2. MSCAN Block Diagram

Register Summary

The DSP56F803/805/807 chips possess these registers:

MSCAN control register 0 (CANCTLO)

MSCAN control register 1 (CANCTL1)

MSCAN bus timing register 0 (CANBTRO)

MSCAN bus timing register 1 (CANBTR1)

MSCAN receiver flag register (CANRFLG)

MSCAN receiver interrupt enable register (CANRIER)

8-6
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 MSCAN transmitter flag register (CANTFLG)

« MSCAN transmitter control register (CANTCR)

» Identifier acceptance control register (CANIDAC)

 MSCAN receiver error counter register (CANRXERR)

 MSCAN transmit error counter register (CANTXERR)

 MSCAN identifier acceptance registers (CANIDARO-7)

 MSCAN identifier mask registers (CANIDMRO0-7)

* MSCAN receive buffer identifier registers 0—-3 (CAN_RB_IDR0-3)

 MSCAN receive buffer data segment registers 0—7 (CAN_RB_DSR0-7)
 MSCAN receive buffer data length register (CAN_RB_DLR)

 MSCAN receive buffer priority register (CAN_RB_TBPR)

 MSCAN transmit buffer zero identifier registers 0-3 (CAN_TBO0_IDR0-3)

« MSCAN transmit buffer zero data segment registers 0—7(CAN_TB0O_DSRO0-7)
 MSCAN transmit buffer zero data length register (CAN_TBO0O_DLR)
 MSCAN transmit buffer zero transmit buffer priority register (CAN_TBO_TBPR)
 MSCAN transmit buffer one identifier registers 0-3 (CAN_TB1_IDR0-3)
 MSCAN transmit buffer one data segment registers 0—7 (CAN_TB1_DSR0-7)
 MSCAN transmit buffer one data length register (CAN_TB1 DLR)

 MSCAN transmit buffer one transmit buffer priority register (CAN_TB1_TBPR)
» MSCAN transmit buffer two identifier registers 0-3 (CAN_TB2_IDR0-3)

« MSCAN transmit buffer two data segment registers 0—7 (CAN_TB2_DSRO0-7)
 MSCAN transmit buffer two data length register (CAN_TB2_DLR)

« MSCAN transmit buffer two transmit buffer priority register (CAN_TB2_TBPR)

8.6 Register Map

The MSCAN occupies 128 words in the memory space starting at CAN_BASE, and
defined inTable 3-11. The register decode map is fixed, beginning at the first address of
the module address offs&igure illustrates the organization of the registers.

Note: All MSCAN are 16-bit registers with the most significant eight bits tied to zero.
Therefore, note the lower eight significant bits as the relevant configuration of
status bits.
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Address

CAN_BASE+$00
CAN_BASE+$08
CAN_BASE+$09
CAN_BASE+$0D
CAN_BASE+$0E
CAN_BASE+$0F
CAN_BASE+$10
CAN_BASE+$1F
CAN_BASE+$20
CAN_BASE+$3F
CAN_BASE+$40
CAN_BASE+$4F
CAN_BASE+$50
CAN_BASE+$5F
CAN_BASE+$60
CAN_BASE+$6F
CAN_BASE+$70
CAN_BASE+$7F

CONTROL REGISTERS
9 WORDS

RESERVED
5 WORDS

ERROR COUNTERS
2 WORDS

IDENTIFIER FILTER
16 WORDS

RESERVED
32 WORDS

RECEIVE BUFFER

TRANSMIT BUFFER 0

TRANSMIT BUFFER 1

TRANSMIT BUFFER 2

Figure 8-3. MSCAN Register Organization

Figure 8-4 exhibitsindividual registers associated with the MSCAN, and their relative
offset from the base address. The detailed register descriptions follow in the order they
appear in the register map.

Reserved bits within aregister always read as zero and awrite is not implemented.

Reserved functions are indicated by shaded bits, illustrated herg] ]
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Register . . . . . . . . .
9 Bits15-8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Name
CANCTLO R 0 RXFRM RXACT CSWAI SYNCH |RESERVE SLPAK SLPRQ |SFTRES
W D
CANCTL1 R 0 CANE 0 0 0 0 LOOPB WUPM |CLKSRC
W
CANBTRO R 0 SJwil SJwWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
W
CANBTR1 R 0 SAMP TSEG22 TSEG21 TSEG20 | TSEG13 TSEG12 TSEG11 |[TSEG10
W
CANRFLG R 0 WUPIF RWRNIF | TWRNIF RERRIF TERRIF BOFFIF OVRIF RXF
W
CANRIER R 0 WUPIE RWRNIE | TWRNIE RERRIE TERRIE BOFFIE OVRIE RXFIE
W
CANTFLG R 0 0 ABTAK2 ABTAK1 ABTAKO 0 TXEZ2 TXE1 TXEO
W
CANTCR R 0 0 ABTRQ2 | ABTRQ1 | ABTRQO 0 TXEIE2 TXEIE1 | TXEIEO
W
CANIDAC R 0 0 0 IDAM1 IDAMO 0 IDHIT2 IDHIT1 IDHITO
W
RESERVED R 0 0 0 0 0 0 0 0 0
W
CANRXERR R 0 RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 RXERR2 RXERR1 |[RXERRO
W
CANTXERR R 0 TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 TXERR2 TXERR1 |TXERRO
W
CANIDARO R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
W
CANIDAR1 R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1l ACO
W
CANIDAR2 R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
W
CANIDAR3 R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
W
CANIDMRO R 0 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
W
CANIDMR1 R 0 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
W
CANIDMR2 R 0 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
W
CANIDMR3 R 0 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
W
CANIDAR4 R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
W
CANIDARS R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
W
CANIDARG R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1l ACO
W
CANIDAR7 R 0 AC7 AC6 AC5 AC4 AC3 AC2 AC1l ACO
W
CANIDMR4 R 0 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
W

Figure 8-4. MSCAN Register Map
See Programmer Sheet, Appendix C, on page C-36
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Register Bits15-8 Bit7  Bité  Bit5  Bit4  Bit3 Bit 2 Bitl  Bit0
Name
CANIDMRS R 0 AM7 AMG6 AM5 AM4 AM3 AM2 AM1 AMO
w
CANIDMR6 R 0 AM7 AMG6 AM5 AM4 AM3 AM2 AM1 AMO
w
CANIDMR7 R 0 AM7 AM6 AMS AM4 AM3 AM2 AM1 AMO
w
RESERVED R 0 0 0 0 0 0 0 0 0
w
CANRXFG R 0 FOREGROUND RECEIVE BUFFER
w
CANTXO R 0 TRANSMIT BUFFER 0
w
CANTX1 R 0 TRANSMIT BUFFER 1
w
CANTX2 R 0 TRANSMIT BUFFER 2
w
R
w = Reserved

Figure 8-4. MSCAN Register Map
See Programmer Sheet, Appendix C, on page C-36

Note: Register address = base address + address offset, where the base addressis
defined in Table 3-11 and the address offset is defined at the module level.

8.7 Functional Description

8.7.1 Message Storage

MSCAN facilitates a sophisticated message storage system, addressing the requirements
of abroad range of network applications.
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MSCAN CPU bus

RxBG

|

Mg

TxO0

D

Tx1

D

Tx2

D

Figure 8-5. User Model for Message Buffer Organization
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8.7.1.1 Message Transmit Background
Modern application layer software is built upon two fundamental assumptions:

1. Any CAN nodeis ableto send out a stream of scheduled messages without
releasing the bus between the two messages. Such nodes arbitrate for the bus
immediately after sending the previous message and only release the bus in case of
lost arbitration.

2. Theinterna message queue within any CAN node is organized so the highest
priority message is sent out first when more than one message is ready to be sent.

This behavior cannot be achieved with a single transmit buffer. That buffer must be
reloaded immediately after the previous message is sent. The loading process lasts afinite
amount of time. It must be completed within the inter-frame sequence (IFS)! in order to
send an uninterrupted stream of messages. Even if thisisfeasible for limited CAN bus
speeds, it requires the CPU react with short latencies to the transmit interrupt.

A double-buffer scheme uncouples the reloading of the transmit buffer from the actual

message sending thereby reducing the reactiveness requirements on the CPU. It ispossible
problems could arise if a sent message has finished while the CPU is reloading the second
buffer. In thisinstance there would be no buffer ready for transmission, releasing the bus.

At least three transmit buffers are required to meet the first of the above requirements
under all circumstances. The MSCAN has three transmit buffers.

The second requirement calls for internal MSCAN prioritization, implementing the local
priority concept described in the next section.

8.7.1.2 Transmit Structures

The MSCAN has atriple transmit buffer scheme. The transmit scheme allows multiple
messages to be established in advance, achieving an optimized real-time performance. The
three buffers are arranged as shown in Figur e 8-5.

All three buffers have a 13-byte data structure similar to the outline of the receive buffers.
See Section 8.8.14. An additional transmit buffer priority register (TBPR) contains an
8-hit local priority field (PRIO). See Section 8.8.14.4.

To transmit a message, the CPU must identify an available transmit buffer indicated by a
set transmitter buffer empty (TXE[2:0]) flag. See Section 8.8.7.

1. Reference the Bosch CAN 2.0A/B Protocol Specification, September 1991.
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The CPU then stores the identifier, the control bits, and the data content into one of the
transmit buffers. Finally, the buffer isflagged as ready for transmission by clearing the
associated TXE flag.

Next, the MSCAN schedul es the message for transmission. Signals are sent to the
successful transmission of the buffer by setting the associated TXE flag. A transmit
interrupt is generated® when TXE[2:0] is set and can be used to drive the application
software to re-load the buffer. Refer to Section 8.11.

If more than one buffer is scheduled for transmission when the CAN bus becomes
available for arbitration, the M SCAN uses the local priority setting of the three buffersto
determine the prioritization. For this purpose, every transmit buffer has an 8-bit PRIO.
The application software programs this field when the messageis set up. Thelocal priority
reflects the order of this particular message relative to the set of messages being
transmitted from this node. The lowest binary value of the PRIO is defined to be the
highest priority. The internal scheduling process takes place whenever the MSCAN
arbitrates for the bus. Thisis also the case after the occurrence of a transmission error.

When a high priority message is scheduled by the application software, it may become
necessary to quit alower priority, a message not yet transmitted, in one of the three
transmit buffers. M essages already in transmission cannot be aborted, so termination must
be requested by setting the corresponding abort request bit (ABTRQ). See Section 8.8.8.
The MSCAN then permits the request, when possible, by:

1. Setting the corresponding abort acknowledge flag (ABTAK) inthe CANTFLG
register.

2. Setting the associated TXE flag to release the buffer.
3. Generating atransmit interrupt.

The transmit interrupt handler software can tell from the setting of the ABTAK flag
whether the message was aborted, ABTAK equals one, or sent ABTAK equals zero.

8.7.1.3 Receive Structures

Received messages are stored in atwo stage input FIFO. The two message buffers are
alternately mapped into a single memory area. See Figur e 8-5. While the background
receive buffer (RxBG) is exclusively associated with the MSCAN, the foreground receive
Buffer (RXFG) is addressed by the CPU. This scheme simplifies the handler software
because only one address area is applicable for the receive process. Users cannot
read/write to the RxBG buffer.

2. Thetransmit interrupt occurs only if not masked. A polling scheme can be applied on TXEXx also.
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Both buffers have a size of 13 bytesfor storage of the CAN control bits, the identifier,
standard or extended, and the data contents. See detailsin Section 8.8.14.3

Thereceiver full flag (RXF) signals the status of the foreground receive buffer. See
Section 8.8.5. A flag is set when the buffer contains a correctly received message with a
matching identifier.

Each message is checked to seeif it passes the reception filter. See Section 8.7.1.4. Itis
written into parallel RxBG. MSCAN copies the content of RxBG into RXFG,* sets the
RXF flag, and generates a receive interrupt to the CPU.> See Section 8.11. Receive
handler will read the received message from RxFG, before resetting the RXF flag. Reset
of the RXF flag acknowledges the interrupt, in order to release the foreground buffer. A
new message, can follow immediately after the IFS field of the CAN frameisreceived
into RxBG. The over-writing of the background buffer is independent of the identifier
filter function.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted
messages into the background receive buffer RxBG. However, it does not:

* Overwrite RxFG
« Generate a receive interrupt
» Acknowledge its own messages on the CAN bus

There is an exception to this rule. It is in loop back mode where the MSCAN treats its own
messages exactly like all other incoming messagesSé&gen 8.8.3. The MSCAN

receives its own transmitted messages in the event it loses arbitrttambitration is

lost, the MSCAN must be prepared to become a receiver.

An overrun condition occurs when both message buffers are filled. Overrun messages are
discarded, indicating an error interrupt. The MSCAN is still able to transmit messages
with both receive message buffers filled; however, all incoming messages are discarded.
SeeSection 8.11.

8.7.1.4 Identifier Acceptance Filter

The MSCAN identifier acceptance registers define the acceptable patterns of the standard
or extended identifier, ID[10:0] or ID[28:0] bits. SBection 8.8.12. Any of these bits can
be markedlon’t carein the MSCAN identifier mask registers. See Section 8.8.13.

3. Bosch CAN 2.0A/B Protocol Specification, September 1991.

4. Only if the RXF Flag is not set.

5. Thereceive interrupt occurs only if not masked. A polling scheme can be applied on RXF also.
6. Reference the Bosch CAN 2.0A/B Protocol Specification, September 1991.
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A filter hit isindicated to the application software by a set receive buffer full flag, RXF

equals one and three bitsin the CANIDAC register. See Section 8.8.9. Theseidentifier hit

F flags, IDHIT[2:0], clearly identify the filter section causing the acceptance. They

simplify the application software’s task to identify the cause of the receiver interrupt. In
case more than one hit occurs, two or more filters match, the lower hit has priority.

A very flexible programmable, and generic identifier acceptance filter has been introduced
reducing the CPU interrupt loading. The filter is programmable to operate in four different
modes’

1. Two identifier acceptance filters, each to be applied to:

— The full 29 bits of the extended identifier and to the following bits of the CAN
2.0B frame: remote transmission request (RTR), identifier extension (IDE), an
substitute remote request (SRR)

— The 11 bits of the standard identifier plus the RTR and IDE bits of the CAN
2.0A/B messages. This mode implements two filters for a full length CAN
2.0B-compliant extended identifi€r

Figure 8-6 illustrates how the first 32-bit filter bank, CANIDARO-3 and CANIDMRO0-3,
produces a filter zero hit. Similarly, the second filter bank, CANIDAR4-7 and
CANIDMR4-7, produces a filter one hit

2. Four identifier acceptance filters, each to be applied to:

— The 14MSBs of the extended identifier plus the SRR and IDE bits of CAN 2.0B
messages

— The 11 bits of the standard identifier, the RTR and IDE bits of CAN 2.0A/B
messages

Figure 8-7 illustrates how the first 32-bit filter bank, CANIDARO-3 and CANIDMRO0-3,
produces filter zero and one hit. Similarly, the second filter bank, CANIDAR4-7 and
CANIDMR4-7, produces filter two and three hits.

3. Eight identifier acceptance filters, each to be applied to the first eight bits of the
identifier. This mode implements eight independent filters for the first eight bits of
a CAN 2.0B-compliant standard identifier or a CAN 2.0B-compliant extended
identifier.

7. For abetter understanding of references made within the filter mode description, reference the Bosch
Protocol Specification, September 1991 detailing the CAN 2.0A/B protocol.

8. Although this mode can be used for standard identifiers, it is recommended to use the four or eight iden-
tifier acceptance filters for standard identifiers.
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Figure 8-8 displays how the first 32-bit filter bank, CANIDARO-3 and CANIDMRO0-3,
produces filter zero to three hits. Similarly, the second filter bank, CANIDAR4-7 and
CANIDMR4-7, produces filter four to seven hits.

4. Closed filter. No CAN message is copied into the foreground buffer RXFG. The

RXF flag is never set.

D28 IDRO ID21 | 1ID20 IDR1 ID15| ID14

IDR2

ID7

ID6 IDR3 RTR

ID10 IDRO ID3 | ID2 IDR1  IDE

i B i B

AM7  CANIDMRO AMO [ AM7 CANIDMR1 AMO | AM7

AC7  CANIDARO ACO | AC7 CANIDAR1  ACO | AC7

CANIDMR2

CANIDAR2

AMO

ACO

H B

AM7  CANIDMR3 AMO

AC7 CANIDAR3  ACO

hd hd

hd

hd

ID ACCEPTED (FILTER 0 HIT)

Figure 8-6. 32-bit Mask Identifier Acceptance Filter
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CAN 2.0B
Extended Identifier | 1D28 IDRO ID21 | 1D20 IDR1 ID15 | ID14 IDR2 ID7
CAN 2.0A/B
Standard identifier ID10 IDRO ID3 | ID2 IDR1 IDE

AM7  CANIDMRO AMO | AM7 CANIDMR1 AMO

AC7  CANIDARO ACO | AC7 CANIDAR1 ACO

ID ACCEPTED (FILTER 0 HIT)

AM7 CANIDMR2 AMO | AM7 CANIDMR3 AMO

AC7  CANIDAR2 ACO | AC7 CANIDAR3 ACO

~7 7

Figure 8-7. 16-bit Maskable Identifier Acceptance Filters
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CAN 2.0B
Extended Identifier
CAN 2.0A/B
Standard Identifier

1D28 IDRO D21

1D20

IDR1

ID15

ID14

IDR2

ID7

ID6

IDR3

RTR

ID10 IDRO ID3

ID2

IDR1

IDE

ID10

IDR2

ID3

ID10

IDR3

ID3

AM7 CIDMRO AMO

AC7 CIDARO ACO

7

AM7 CIDMR1 AMO

AC7 CIDAR1 ACO

ID ACCEPTED (FILTER 0 HIT)

( ID ACCEPTED (FILTER 1 HIT)

)

AM7 CIDMR2 AMO

AC7 CIDAR2 ACO

( ID ACCEPTED (FILTER 2 HIT)

D

AM7 CIDMR3 AMO

AC7 CIDAR3 ACO

( ID ACCEPTED (FILTER 3 HIT)

)

Figure 8-8. 8-bit Maskable Identifier Acceptance Filters
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8.7.2 Protocol Violation Protection

MSCAN protects from accidentally violating the CAN protocol through programming
errors. The protection logic implements these features:
* Receive and transmit error counteasnot be modified or otherwise manipulated

* Registers controlling the configuration of the MSCA&hnot be modified while
the MSCAN is on-line. The SFTRES bit in the CANCTLDO register serves as a lock
protecting the following registers: S&ection 8.8.1

— MSCAN control one register, CANCTL1

— MSCAN bus timing registers zero and one, CANBTRO, CANBTR1

— MSCAN identifier acceptance control register, CANIDAC m
— MSCAN identifier acceptance registers, CANIDARO-7

— MSCAN identifier mask registers, CANIDMRO-7

« The MSCAN_TX pin is forced to a recessive state when the MSCAN goes into any
of the low power modes. S&ection 8.10.4 throughSection 8.10.6

« MSCAN_TX pin is an open-drain output. System designers using CAN should
have external pull-up on MSCAN_TX

« MSCAN_RX input has an internal pull-up

» As further protection against inadvertently disabling the MSCAN, the enable bit,
CANE, is only write-capable once in normal modes

8.7.3 Clock System

Figure 8-9 illustrates the structure of the MSCAN clock generation circuitry. With this
flexible clocking scheme, the MSCAN is able to handle CAN bus rates ranging from 10
Kbps up to 1Mbps.

The clock source bit, CLKSRC, in the CANCTL1 register defines whether the MSCAN is
connected to the output of the crystal oscillator, EXTALI, or to the IPbus clock. See

Section 8.8.2. The muxing of these two clocks is performed inside MSCAN. The clock
source and generation must be selected to meet the tight oscillator tolerance requirements
of the CAN protocol, up to 0.4 percent accumulated jitter. Additionally, for high CAN bus
rates of 1Mbps, a 50 percent duty cycle of the clock is required. When using the IPbus
clock these tolerances are met.
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MSCAN

IPBus CLOCK

CANCLK |Time quanta clock Enable (Tq)
- Prescaler >
(1....64)
CLKSRC

CLKSRC (from CANCTLL1 register)

EXTALI

Figure 8-9. MSCAN Clocking Scheme

Note: If the IPbus clock is generated from aPLL, then selecting the crystal clock
source from 128K bits/sec up to 500K bits/sec will result in the least amount of
clock jitter and the most reliable data transfer. When using the | Pbus clock, up
to IMbits/sec is possible although transfer will be slightly less reliable due to
clock jitter; however, it still iswell within the requirements of the CAN bus
specification. The CLKSRC bit in the CANTCL1 register allows the user to
choose between the IPbus or EXTAL clocks asthe MSCAN clock.

A programmable prescaler generates the time quanta (Tq) clock from CANCLK. A time
quantum is the atomic unit of time handled by the MSCAN.

fcancLK

Tq~ (Prescaler value)

Note: For the DSP56F803/805/807, the time quantasignal isinternally used asaclock
enable. CANCLK isthe primary clock of the MSCAN operation.

A bit timeis subdivided into three segments. Please reference Figure 8-10:

« SYNC_SEG—This segment has a fixed length of one time quantum. Signal edges
are expected to happen within this section

« Time segment 1—This segment includes the PROP_SEG and the PHASE_SEG1
of the CAN standard. It can be programmed by setting the parameter TSEG1 to
consist of four to 16 time quanta

« Time segment 2—This segment represents the PHASE_SEG2 of the CAN
standard. It can be programmed by setting the TSEG2 parameter to be two to eight
time quanta long
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f

Bit Rate= Tq
(number of Time Quanta)
N
x NRZ Signal ( )
SYNC SEG Time Segment 1 Time Segment 2
- (PROP_SEG + PHASE_SEG1) (PHASE_SEG?2)
A 1 4..16 A A 2..8
[
g 8... 25 Time Quanta — .
=1Bit Time |
| |
Transmit Point Sample Point
(single or triple sampling)
Figure 8-10. Segments within the Bit Time
Table 8-1. Time Segment Syntax
Syntax Description
SYNC_SEG System expects transitions to occur on the bus during this period.

A node in transmit mode transfers a new value to the CAN bus at

Transmit Point this point.

A node in receive mode samples the bus at this point. If the three
Sample Point samples per bit option is selected, then this point marks the position
of the third sample.

The synchronization jump wi dth® (SIW) can be programmed in arange of oneto four time
guanta by setting the SIW parameter.

The above parameters are set by programming the MSCAN bus timing registers,
CANBTRO and CANBTR1. SeeSection 8.8.3 and Section 8.8.6.

9. Reference the Bosch CAN 2.0A/B Protocol Specification, September 1991 for bit timing.
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Figure 8-2 provides an overview of the CAN-compliant segment settings and their related
parameter values.

Note:

Assure bit time settings are in compliance with the CAN standard.
Table 8-2. MSCAN Time Segment Settings When CLKSRC=0 (EXTAL_CLK)

(CLKSRC = 0) EXTAL_CLK ~8MHz)
oseaee | ome | Tses | gome | rseez | Sfpchonzton
>1 5..10 4.9 2 1 1.2
>1 4 .11 3..10 3 2 1..3
>1 5..12 4..11 4 3 1.4
>1 6..13 5..12 5 4 1.4
>1 7..14 6. 13 6 5 1.4
>1 8..15 7..14 7 6 1.4

Table 8-3. MSCAN Time Segment Settings when CLKSRC =1 (IPBus Clock)

CLKSRC =1 (IPBus Clock >= 8MHz)

Prescaler Value Time Time TSEG || Synchronizatio

(P =BRP +1)) Segrlnent TSEGL Segment 2 2 n Jump Width SIW
=1 4.11 3..10 3 2 1..3 0.2
>1 5..10 4.9 2 1 1.2 0.1
Any 4.11 3..10 3 2 1..3 0.2
Any 5..12 4..11 4 3 1.4 0.3
Any 6..13 5..12 5 4 1.4 0.3
Any 7..14 6..13 6 5 1.4 0.3
Any 8..15 7..14 7 6 1.4 0.3
Any 9..16 8..15 8 7 1.4 0.3

8.8 Register Descriptions

This section details all registers and register bitsin the MSCAN module.

Note:

All bits of al registersin this module are completely synchronized to internal
clocks during aregister read.
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8.8.1 MSCAN Control Register 0 (CANCTLO)

The CANCTLO register provides for various control of the MSCAN module as described
below.

These bits are read/write at any time, except when bits RXACT, SYNCH and SLPAK are
reserved. With bit RXFRM, awrite of one clears the flag and awrite of zero isignored.

CAN_BASE+$0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read RXERM RXACT | CSWAI| SYNCH | RESERVED | SLPAK | SLPRQ | SFTRES
Write
Reset 0 0 0 0O OO O O 0 0 0 0 0 0 0 0

Figure 8-11. MSCAN Control Register 0 (CANCTLO)
See Programmer Sheet, Appendix C, on page C-42

Note: The CANCTLO register is held in the RESET state when the SFTRES bit is set.

8.8.1.1 Reserved Bits—Bits 15-8

Reserved bits cannot be modified. They are read as zero.

8.8.1.2 Received Frame Flag (RXFRM)—Bit 7

The received frame flag bit isread and clear only. It is set when areceiver has accepted a
valid message correctly and independently of the filter configuration. Once set, it remains
set until it iscleared by software or reset. To clear, write one to the bit. Thisbit isnot valid
in aloop back mode.

* 1 = Avalid message was received since last clearing of this flag
* 0 = No valid message was received since last clearing this flag

Note: MSCAN must be in the run mode for this bit to set.

8.8.1.3 Receiver Active Status (RXACT)—Bit 6

Recelver active status flag indicates MSCAN isreceiving a message. Theflagis
controlled by the receiver front end. This bit isnot valid in loop back mode.

« 1 =MSCAN is receiving a message, including when arbitration is lost
* 0 =MSCAN is transmitting or idle
8.8.1.4 CAN Stops in Wait Mode (CSWAI)—BIit 5

Enabling this bit uses lower power consumption in the wait mode by disabling al the
clocks at the bus interface to the MSCAN module.
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1 =The module ceases to be clocked during wait mode
* 0 =The module is not affected during wait mode
8.8.1.5 Synchronized Status (SYNCH)—BIt 4

Thisflag indicates whether MSCAN is synchronized to the CAN bus. Wheniitis
synchronized, it isableto participate in the communication process. It is set and cleared by
MSCAN.

1 =MSCAN is synchronized to the CAN bus
* 0 =MSCAN is not synchronized to the CAN bus
8.8.1.6 Reserved Bit—Bit 3

Thisbit isreserved for future usage. However, it is possible to read/write to this bit with
no impact.

8.8.1.7 Sleep Acknowledge (SLPAK)—BIt 2

The sleep acknowledge flag indicates whether the MSCAN moduleisin internal sleep
mode. Refer to Section 8.10.4, Sleep Mode. It is used as a handshake for the sleep mode
request. If the MSCAN detects bus activity while in the sleep mode, it clears the flag.

* 1 =Sleep - The MSCAN is in sleep mode
0 =Wake-up — The MSCAN is not in sleep mode
8.8.1.8 Sleep Request—Go into Sleep Mode (SLPRQ)—BIt 1

Sleep request bit requests the MSCAN goesinto an internal power-saving mode. See
Section 8.10.4.

* 1 = Sleep request — The MSCAN enters sleep mode

* 0 =Wake-up — The MSCAN functions normally

8.8.1.9 Soft Reset (SFTRES)—BIt0

When this bit is set by the CPU, the MSCAN immediately enters the soft reset state. Any
ongoing transmission or reception is quit and synchronization to the busislost. See
Section 8.10.5 for further details.

The following registers enter and stay in their hard Reset state: CANCTLO, CANRFLG,
CANRIER, CANTFLG, and CANTCR. The registers CANCTL1, CANBTRO,
CANBTR1, CANIDAC, CANIDARO-7, and CANIDMRO-7 can only be modified by the
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CPU when the MSCAN isin soft reset state. Vaues of the error counters are not affected
by soft reset.

When the soft reset bit is cleared by the CPU, the MSCAN attempts synchronization to the
CAN bus. If the MSCAN is not in bus-off state, it synchronizes after 11 recessive bits on
the bus; if the MSCAN isin bus-off state it continues to wait for 128 occurrences of 11
recessive bits.

Clearing SFTRES and writing to other bitsin CANCTLO must be fulfilled in separate
instructions.

1 =MSCAN in soft reset state
e 0 = Normal operation

8.8.2 MSCAN Control Register 1 (CANCTL1)

The CANCTL1 register provides for various control of the MSCAN module as described

below.

These bits are read/write at any time when SFTRES = 1, except CANE. It is write once in

normal modes and any time in special modes when SFTRES = 1.

CAN_BASE+$1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 0 0 0 0
. CANE LOOPB|WUPM| CLKSRC
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-12. MSCAN Control Register 1 (CANCTL1)
See Programmer Sheet, Appendix C, on page C-43

8.8.2.1 Reserved Bits—Bits 15-8 and 6-3

Reserved bits cannot be modified. They are read as zero.

8.8.2.2 CAN Enable (CANE)—BiIt 7
e 1=The MSCAN module is enabled

e 0 =The MSCAN module is disabled

Note: Care should be taken when the MSCAN is disabled. It is recommended to have

a pull-up on the MSCAN_TX pin either internally or externally ensuring the
MSCAN_TX pin is in a recessive state, logic one, and avoiding violation of the

CAN protocol.
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8.8.2.3 Loop Back Self Test Mode (LOOPB)—BIt 2

When this bit is set, the MSCAN performs an internal loop back used for self test
operation. The bit stream output of the transmitter is fed back to the receiver internaly.
The MSCAN_RX input pinisignored whilethe MSCAN_TX output goes to the recessive
state, logic one. The MSCAN behaves as it does when normally transmitting. It treats its
own transmitted message as a message received from a remote node. In this state, the
MSCAN ignores the bit sent during the ACK dlot in the CAN frame Acknowledge field
ensuring proper reception of its own message. Both transmit and receive interrupts are
generated.

8.8.2.4 Wake-Up Mode (WUPM)—Bit 1

This bit defines whether the integrated low-pass filter is applied to protect the MSCAN
from artificial wake-up. Refer to Section 8.10.4.

« 1 =MSCAN wakes the CPU only in case of a dominant pulse on the bus with a
length of Ty
0= MSCAN wakes the CPU after any recessive to dominant edge on the CAN bus

8.8.2.5 MSCAN Clock Source (CLKSRC)—Bit 0

The MSCAN clock source bit defines the clock source for the MSCAN module. It selects
between 1Pbus clock and crystal oscillator clock EXTAL_CLK. Refer to Section 8.7.3
and Figure 8-9.

1 =The MSCAN clock source is IPbus clock
e 0=The MSCAN clock source is EXTAL CLK
Note: If the IPbus clock is generated from a PLL, recommendation is to select the
crystal clock source rather than the IPbus clock source due to jitter considerations

of the IPbus clock, especially at the faster CAN bus rates. Provisions are being
provided to select between IPBUS clock or EXTAL clock as MSCAN clock.

8.8.3 MSCAN Bus Timing Register 0 (CANBTRO)

The CANBTRO register provides various bus timing control of the MSCAN module.
These bits are read/write at any time SFTRES = 1.

CAN_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0
Write SJW1 | SIWO0 | BRP5| BRP4 | BRP3 |BRP2| BRP1 | BRPO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-13. MSCAN Bus Timing Register 0 (CANBTRO0)
See Programmer Sheet, Appendix C, on page C-44
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8.8.3.1 Reserved Bits—Bits 15-8

These bits cannot be modified. They are read as zero.

8.8.3.2 Synchronization Jump Width (SJW[1:0])—Bits 7—6

The synchronization jump width defines the maximum number of time quanta (Tq) clock
cyclesabit can be shortened or lengthened to achieve resynchronization to data transitions
on the bus. Please refer to Table 8-4.

Table 8-4. Synchronization Jump Width

SJw1

SJwWO0

Synchronization jump width

0

1 Tq clock cycle

1

2 Tq clock cycles

0

3 Tq clock cycles

1

4 Tq clock cycles

8.8.3.3 Baud Rate Prescaler (BRP[5:0])—Bits 5-0

These bits determine the time quanta (Tq) clock, used to build the individual bit timing.
See Table 8-5. Prescaler P is equal to the binary representation of BRP5, BRP4, BRP3,
BRP2, BRP1, and BRPO plus one. See examplesin Table 8-5.

Table 8-5. Examples of Baud Rate Prescaler

BRP5 | BRP4 | BRP3 | BRP2 | BRPL | BRPO s;ﬁga('s)r
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 0 63
1 1 1 1 1 1 64
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Note: When the baud rate prescaler value (P) = 1(e.g.. CANBTRO = binary bhits:
00000000_xx000000) for getting a bit time of eight time quanta (8 Tq). For
correct operation program for CANBTR1 = $0023 or $00A3 with no other
possi ble combinations of $0014 or $0094. The correct combination translatesto
time segment one (TSEGL1) = 4 Tq and time segment 2 (TSEG2) = 3 Tq.

8.8.4 MSCAN Bus Timing Register 1 (CANBTR1)

The CANBTR1 register provides various bus timing controls of the MSCAN module. See
Figure 8-14. It can read/write at any time when SFTRES = 1.

CAN_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 SAMP TSEG| TSEG |TSEG|TSEG| TSEG | TSEG | TSEG
Write 22 21 20 13 12 11 10
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-14. MSCAN Bus Timing Register 1 (CANBTR1)
See Programmer Sheet, Appendix C, on page C-45

8.8.4.1 Reserved Bits—Bits 15-8

These bits cannot be modified. They are read as zero.

8.8.4.2 Sampling (SAMP)—Bit 7

This bit determines the number of samples of the serial bus to be taken per bit time. If set,
three samples per bit are taken; the regular one, a sample point, and two preceding samples
using amajority rule. For higher bit rates, it is recommended SAMP be cleared, meaning

only one sampleistaken per bit.

« 1= Three samples per Hit
* 0 =0ne sample per bit

10.In this case, PHASE_SEG1 must be at least two time quanta.
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8.8.4.3 Time Segment 2 (TSEG22-TSEG20)—ABits 6—4

Time segments within the bit time fix the number of clock cycles per bit time and the
location of the sample point. See Figure 8-10. Time segment two (TSEG2) values are
progranmable asillustrated in Table 8-6.

Table 8-6. Time Segment 2 Values

TSEG22 TSEG21 TSEG20 Time segment 2
0 0 0 1 Tq clock cycle!
0 0 1 2 Tq clock cycles
0 1 0 3 Tq clock cycles
0 1 1 4 Tq clock cycles
1 0 0 5 Tq clock cycles
1 0 1 6 Tq clock cycles
1 1 0 7 Tq clock cycles
1 1 1 8 Tq clock cycles

1.Thissetting is not valid. Please refer to Table 8-2. CAN Standard Compliance Bit Time
Segment Settingsfor valid settings.

8.8.4.4 Time Segment 1 (TSEG13-TSEG10)—Bits 3—-0

Time segments within the bit time fix the number of clock cycles per bit time and the
location of the sample point. Please refer to Figure 8-10.

Time segment one (TSEG1) values are programmable as shown in Table 8-7.
Table 8-7. Time Segment 1 Values

TSEG13 TSEG12 TSEG11 TSEG10 Time segment 1
0 0 0 0 1 Tq clock cycle!
0 0 0 1 2 Tq clock cycles®
0 0 1 0 3 Tq clock cycles!
0 0 1 1 4 Tq clock cycles
0 1 0 0 5 Tq clock cycles
0 1 0 1 6 Tq clock cycles
0 1 1 0 7 Tq clock cycles
0 1 1 1 8 Tq clock cycles
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Table 8-7. Time Segment 1 Values (Continued)

TSEG13 TSEG12 TSEG11 TSEG10 Time segment 1
1 0 0 0 9 Tq clock cycles
1 0 0 1 10 Tq clock cycles
1 0 1 0 11 Tq clock cycles
1 0 1 1 12 Tq clock cycles
1 1 0 0 13 Tq clock cycles
1 1 0. 1 14 Tq clock cycles
1 1 1 0 15 Tq clock cycles
1 1 1 1 16 Tq clock cycles

1.This setting is not valid. Please refer to Table 8-2 for valid settings.

The bit time is determined by the oscillator frequency, the baud rate prescaler, and the
number of time quanta (Tq) clock cycles per bit, as shown in Table 8-6 and 8-7.

(Presfcaler Val“e)-(number of Time Quanta)

CANCLK

Bit

Time=

8.8.5 MSCAN Receiver Flag Register (CANRFLG)

A flag can only be cleared when the condition causing the setting is no longer valid and
can only be cleared by software; writing a one to the corresponding bit position. Every
flag has an associated interrupt enable bit in the MSCAN receiver interrupt enable register
(CANRIER).

Thisregister isread/write at any time. A write of one clearsflag; awrite of zeroisignored.

CAN_BASE+%$4

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Read 0 0 0 0 0 0 0 0
Wirite WUPIF| RWRNIF | TWRNIF | RERRIF| TERRIF | BOFFIF| OVRIF| RXF
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-15. MSCAN Receiver Flag Register (CANRFLG)
See Programmer Sheet, Appendix C, on page C-46
Note: The CANRFLG register isheld in the Reset state when the SFTRES bitin CAN

control register zero (CANCTLO) is set.

8.8.5.1 Reserved Bits—Bits 15-8

These bits cannot be modified. They are read as zero.
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8.8.5.2 Wake-up Interrupt Flag (WUPIF)—Bit 7

If the MSCAN detects bus activity while in sleep mode it sets the WUPIF flag. If not
masked, awake-up interrupt is pending while thisflag is set. See Table 8.10.4.

1= MSCAN detected activity on the bus and requested wake-up
* 0 = No wake-up activity observed while in sleep mode

8.8.5.3 Receiver Warning Interrupt Flag (RWRNIF)—Bit 6

Thisflag is set when the MSCAN enters warning status due to the receive error counter
(REC) exceeding 96 and none of the error interrupt flags or the bus-off interrupt flag is set.
If not masked, an error interrupt is pending whilethisflag is set. When the CPU writes one
into thisflag, the error interrupt signal to CPU is denied, even though the condition to set
the flag continues to remain active. That means awrite of one by the CPU will inhibit only
the interrupt signal to the CPU and does not update the status of the flag.

1 =MSCAN entered receiver warning status
* 0 = No receiver warning status reached

8.8.5.4 Transmitter Warning Interrupt Flag (TWRNIF)—Bit 5

The transmitter warning interrupt flag is set when the MSCAN enters awarning status due
to the transmit error counter (TEC) exceeding 96 when the error interrupt flags or the
bus-off interrupt flag were not set. If not masked, an error interrupt is pending while this
flag is set. When the CPU writes one into this flag, the error interrupt signal to CPU is
denied, even though the condition to set the flag continues to remain active. That means a
write of one by the CPU will deny only the interrupt signal to the CPU without updating
the status of the flag.

« 1 =MSCAN entered transmitter warning status
« 0 = No transmitter warning status reached

8.8.5.5 Receiver Error Passive Interrupt Flag (RERRIF)—BIt 4

Thisflag is set when the MSCAN enters error passive status due to the receive error
counter exceeding 127 and the bus-off interrupt flag is clear (BOFFIF=0). If not masked,
an error interrupt is pending while thisflag is set. When the CPU writes one into thisflag,
the error interrupt signal to CPU is denied, even though the condition to set the flag
continuesto remain active; or awrite of one by the CPU will deny only theinterrupt signal
to the CPU without updating the status of the flag.

« 1 =MSCAN entered receiver error passive status
* 0= No receiver error passive status reached
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8.8.5.6 Transmitter Error Passive Interrupt Flag (TERRIF)—Bit 3

Thisflag is set when the MSCAN enters error passive status due to the transmit error
counter exceeding 127 and the bus-off interrupt flag is clear (BOFFIF = 0). If not masked,
an error interrupt is pending while thisflag is set. When the CPU writes one into thisflag,
the error interrupt signal to CPU is denied, even though the condition to set the flag
continues to remain active. For example, awrite of one by the CPU will deny only the
interrupt signal to the CPU without updating the status of the flag.

« 1 =MSCAN entered transmitter error passive status
* 0 = No transmitter error passive status reached

8.8.5.7 Bus-Off Interrupt Flag (BOFFIF)—Bit 2

The bus-off interrupt flag is set when the MSCAN enters bus-off status, resulting in the
transmit error counter exceeding 255. It cannot be cleared before the MSCAN has
monitored 128 times 11 consecutive recessive bits on the bus. If not masked, an error
interrupt is pending whilethisflag is set. When the CPU writes one into this flag, the error
interrupt signal to CPU is denied, even though the condition to set the flag continues to
remain active. That means awrite of one by the CPU will deny only the interrupt signal to
the CPU without updating the status of the flag.

e 1 =MSCAN entered into bus-off status
* 0 = No bus-off status reached

8.8.5.8 Overrun Interrupt Flag (OVRIF)—BIt 1

Thisflag is set when a data overrun condition occurs. If not masked, an error interrupt is
pending if thisflag is set.

e 1= A data overrun detected
0 = No data overrun condition

8.8.5.9 Receive Buffer Full (RXF)—Bit O

The RXF flag is set by the MSCAN when anew message is available in the foreground
receive buffer. This flag indicates whether the buffer is loaded with a correctly received
message, matching cyclic redundancy code (CRC) and no other errors detected. After the
CPU has read that message from the receive buffer, the RXF flag must be cleared to
release the buffer. A set RXF Flag prohibits the exchange of the background receive
buffer into the foreground buffer. If not masked, areceiveinterrupt is pending while this
flag is set.
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* 1 =The receive buffer is full and a new message is available
e 0= The receive buffer is released: not full

Note: To ensure data integrity, do not read the receive buffer registers while the RXF

flag is cleared. For MCUs with dual CPUs, reading the receive buffer registers

while the RXF flag is cleared may result in a CPU fault condition.

8.8.6 MSCAN Receiver Interrupt Enable Register (CANRIER)

This register contains the interrupt enable bits for the interrupt flags described above. This

register can be read/write at any time.

CAN_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read ojofo0f0jO0OjO0O|O]|O
Write WUPIE | RWRNIE|TWRNIE| RERRIE | TERRIE | BOFFIE| OVRIE| RXFIE

Reset 0 0 0 O O o o0 o 0 0 0 0 0 0 0 0

Figure 8-16. MSCAN Receiver Interrupt Enable Register (CANRIER)
See Programmer Sheet, Appendix C, on page C-47

Note: The CANRIER register is held in the Reset state when the SFTRES bit in the

MSCAN control register zero (CANCTLO) is set.

8.8.6.1 Reserved Bits—Bits 15-8

These bits cannot be modified. They are read as zero.

8.8.6.2 Wake-up Interrupt Enable (WUPIE)—BIt 7
« 1= A wake-up event causes a wake-up interrupt request

* 0= No interrupt request is generated from this event

8.8.6.3 Receiver Warning Interrupt Enable (RWRNIE)—Bit 6
* 1 = Areceiver warning status event causes an error interrupt request

* 0= No interrupt request is generated from this event

8.8.6.4 Transmitter Warning Interrupt Enable (TWRNIE)—BIt 5
« 1 = Atransmitter warning status event causes an error interrupt request

* 0= No interrupt request is generated from this event

8.8.6.5 Receiver Error Passive Interrupt Enable (RERRIE)—BIt 4
» 1= Areceiver error passive status event causes an error interrupt request

* 0= No interrupt request is generated from this event
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8.8.6.6 Transmitter Error Passive Interrupt Enable (TERRIE)—BIt 3
« 1 = A transmitter error passive status event causes an error interrupt request

* 0= No interrupt request is generated from this event

8.8.6.7 Bus-Off Interrupt Enable (BOFFIE)—BIt 2
* 1 = A bus-off event causes an error interrupt request

* 0= No interrupt request is generated from this event

8.8.6.8 Overrun Interrupt Enable (OVRIE)—BIt 1
* 1= Anoverrun event causes an error interrupt request

* 0= No interrupt request is generated from this event

8.8.6.9 Receiver Full Interrupt Enable (RXFIE)—Bit O
* 1 = Areceive buffer full (successful message reception) event causes a receiver
interrupt request

* 0= No interrupt request is generated from this event

8.8.7 MSCAN Transmitter Flag Register (CANTFLG)

The transmit buffer empty flags each have an associated interrupt enable bit in the
MSCAN transmitter control register (CANTCR) register. This register can be read at any
time. Write is reserved for ABTAK[2:0] flags; anytime for TXE[2:0] flags, write of one
clears flag, a write of zero is ignored.

CAN_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 0 ABTAK| ABTA | ABTAK 0
2 K1 0 TXE2| TXE1l | TXEO
w
reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-17. MSCAN Transmitter Flag Register (CANTFLG)
See Programmer Sheet, Appendix C, on page C-48

Note: The CANTFLG register is held in the Reset state when the SFTRES bit in
CANCTLO is set.

8.8.7.1 Reserved Bits—Bits 15-7 and 3
These bits cannot be modified. They are read as zero.

8.8.7.2 Abort Acknowledge (ABTAK][2:0])—Bits 6—4

This flag acknowledges a message was stopped due to a pending stop request from the
CPU. After a particular message buffer is flagged empty, thisflag can be used by the
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application software to identify whether the message was quit successfully or was sent
anyway. The ABTAK][2:0] Flag is cleared whenever the corresponding TXE flag is
cleared.

1 =The message was stopped
0 =The message was not stopped; it was sent out

8.8.7.3 Transmitter Buffer Empty (TXE[2:0])—Bits 2—-0

This flag indicates the associated transmit message buffer is empty, and thus not
scheduled for transmission. The CPU must clear the flag after amessageis set up in the
transmit buffer and is due for transmission. The MSCAN sets the flag after the messageis
sent successfully. Theflag is also set by the MSCAN when the transmission request is
successfully ended due to a pending stop request. See Section 8.8.8. If not masked, a
transmit interrupt is pending while thisflag is set.

Clearing a TXE[2:0] flag also clears the corresponding ABTAK[2:0]. When a TXE[2:0]
flag is set, the corresponding ABTRQ[2:0] bit is cleared. See Section 8.8.8.

« 1 =The associated message buffer is empty, or not scheduled

* 0 = The associated message buffer is full, loaded with a message due for
transmission

Note: To ensure data integrity, do not write to the transmit buffer registers while the
associated TXE flag is cleared.

8.8.8 MSCAN Transmitter Control Register (CANTCR)

The CANTCR register provides for various transmitter control as described below. This
register can be read/write at any time.

CAN_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0| o0 0
Wiite ABTRQ2| ABTRQ1 | ABTRQO TXEIE2| TXEIE1| TXEIEO
Reset 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0

Figure 8-18. MSCAN Transmitter Control Register (CANTCR)
See Programmer Sheet, Appendix C, on page C-48

Note: The CANTCR register is held in the RESET state when the SFTRES bit in
CANCTLO is set.

8.8.8.1 Reserved Bits—Bits 15—-7 and 3

These bits cannot be modified. They are read as zero.
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8.8.8.2 Abort Request (ABTRQ[2:0])—Bits 6-4

The CPU setsthe ABTRQ[2:0] bit to request a scheduled message buffer, TXE[2:0] =0
be aborted. The MSCAN consents to the request if the message has not already started
transmission and if the transmission is not successful, meaning it has lost arbitration or is
an error. When a message is stopped, the associated TXE and abort acknowledge flags
ABTAK, are set and atransmit interrupt occurs if enabled. See Section 8.8.7. The CPU
cannot reset ABTRQ[2:0]. ABTRQ[2:0] isreset whenever the associated TXE flag is set.

« 1 = Abort request pending
0= No abort request

Note: The software must not clear one or more of the TXE[2:0] Flags in CANTFLG
and simultaneously set the respective ABTRQ bit(s).

8.8.8.3 Transmitter Empty Interrupt Enable (TXEIE[2:0])—Bits 2—0

« 1 = Empty transmitter, transmit buffer available for transmission, event causes a
transmitter empty interrupt request

* 0= No interrupt request is generated from this event

8.8.9 MSCAN Identifier Acceptance Control Register (CANIDAC)

The CANIDAC register provides for identifier acceptance control as described below.
This register can be read/write at any time when SFTRES equals one. The only exception
is when bits IDHIT[2:0] are unfulfilled.

CAN_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 0 0 0 | IDHIT2|IDHIT1|IDHITO
) IDAM1 [ IDAMO
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-19. MSCAN Identifier Acceptance Control Register (CANIDAC)
See Programmer Sheet, Appendix C, on page C-49

8.8.9.1 Reserved Bits—Bits 15-6 and 3

These bits cannot be modified. They are read as zero.

8.8.9.2 Identifier Acceptance Mode (IDAM[1:0])—Bits 5-4

The CPU sets these flags to define the identifier acceptance filter organization. Please
refer to Section 8.7.1.4, Table 8-8 summarizes the different settings. In the filter closed
mode, no message is accepted so the foreground buffer is never reloaded.
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Table 8-8. Identifier Acceptance Mode Settings

IDAM1 IDAMO Identifier Acceptance Mode
0 0 Two 32-bit Acceptance Filters
0 1 Four 16-bit Acceptance Filters
1 0 Eight 8-bit Acceptance Filters
1 1 Filter Closed

8.8.9.3 Identifier Acceptance Hit Indicator (IDHIT[2:0])—Bits 2-0

The MSCAN setsthese flagsindicating an identifier acceptance hit Table 8-9 summarizes
the different settings. Please refer to Section 8.7.1.4.

Table 8-9. Identifier Acceptance Hit Indication

IDHIT2 IDHIT1 IDHITO Identifier Acceptance Hit
0 0 0 Filter O Hit
0 0 1 Filter 1 Hit
0 1 0 Filter 2 Hit
0 1 1 Filter 3 Hit
1 0 0 Filter 4 Hit
1 0 1 Filter 5 Hit
1 1 0 Filter 6 Hit
1 1 1 Filter 7 Hit

The IDHIT indicators are always related to the message in the foreground buffer. When a
message gets copied from the background to the foreground buffer, the indicators are
updated as well. This register is aways read as $00 in normal modes; write isreserved in
normal modes.

Note: Writing to these registers when in special modes can ater the MSCAN
functionality.
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8.8.10 MSCAN Receive Error Counter Register (CANRXERR)

Thisregister reflects the status of the MSCAN receive error counter. This register isread
only when in sleep or soft reset mode. Write is reserved.

CAN_BASE+$E 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0[{0|0| 0| 0| 0| 0|0 |RXERR7| RXERR6| RXERR5|RXERR4| RXERR3|RXERR2| RXERR1| RXERRO
Write
Reset 0 00 OO 0 OO0 0 0 0 0 0 0 0 0

Figure 8-20. MSCAN Receive Error Counter Register (CANRXERR)
See Programmer Sheet, Appendix C, on page C-50

Note: Reading this register when in any other mode other than sleep or soft reset, may
return an incorrect value. For MCUs with dual CPUs may result in a CPU fault
condition. Writing to this register when in special modes can alter the MSCAN
functionality.

8.8.11 MSCAN Transmit Error Counter Register (CANTXERR)

This register reflects the status of the MSCAN transmit error counter. It isread only when
in sleep or soft reset mode. Write is reserved.

CAN_BASE+$F 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0[0[0| 0| 0| 0| O0]| 0|TXERR7| TXERR6|TXERR5|TXERR4| TXERR3|TXERR2| TXERR1| TXERRO
Write
Reset 0O 0 0 0 0 0 O O 0 0 0 0 0 0 0 0

Figure 8-21. MSCAN Transmit Error Counter Register (CANTXERR)
See Programmer Sheet, Appendix C, on page C-50

Note: Reading this register when in any other mode other than sleep or soft reset, may
return an incorrect value. For MCUs with dual CPUs, thismay result in a CPU
fault condition. Writing to this register when in special modes can ater the
MSCAN functionality.

8.8.12 MSCAN Ildentifier Acceptance Registers (CANIDARO-7)

On reception, each message is written into the background receive buffer. The RxBG
register cannot be read. The CPU isonly signalled to read the message if it passes the
criteriain the identifier acceptance and the identifier mask registers are accepted.
Otherwise, the message is overwritten by the next message, or dropped.

The CANIDARO-7 acceptance registers of the MSCAN are applied on the IDRO to IDR3
registers of incoming messages in a bit-by-bit manner. Refer to Section 8.8.14.1

For extended identifiers, all four acceptance and mask registers are applied. For standard
identifiers, only the first two registers, CANIDARO/1 and CANIDMRO0/1, are applied.
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These registers can be read at any time and can be modified only when SFTRES equals
one. For moreinformation on two, four, and eight 1D acceptance register functionality, see
Section 8.7.1.4.

MSCAN Identifier Acceptance Register 0 (CANIDARO) — Address
MSCAN Identifier Acceptance Register 1 (CANIDAR1) — Address
MSCAN Identifier Acceptance Register 2 (CANIDAR2) — Address
MSCAN Identifier Acceptance Register 3 (CANIDAR3) — Address

: CAN_BASE + $10
: CAN_BASE + $11
: CAN_BASE + $12
: CAN_BASE + $13

Bits 15-8 7 6 5 4 3 2 1 0
Read 0
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write
Reset 0 0 0 0 0 0 0 0 0

Figure 8-22. MSCAN Identifier Acceptance Registers - 1st Bank (CANIDAR0O-3)

See Programmer Sheet, Appendix C, on page C-51

MSCAN Identifier Acceptance Register 4 (CANIDAR4) — Address
MSCAN Identifier Acceptance Register 5 (CANIDARS5) — Address
MSCAN Identifier Acceptance Register 6 (CANIDAR6) — Address
MSCAN Identifier Acceptance Register 7 (CANIDAR7) — Address

: CAN_BASE + $18
: CAN_BASE + $19
: CAN_BASE + $1A
: CAN_BASE + $1B

Bits 15-8 Bit 7 6 5 4 3 2 1 0
Read 0
) AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Write
Reset 0 0 0 0 0 0 0 0 0

Figure 8-23. MSCAN Identifier Acceptance Registers - 2nd Bank (CANIDAR4—7)
See Programmer Sheet, Appendix C, on page C-52

8.8.12.1 Acceptance Code Bits (AC[7:0])—Bits 7-0

The AC[7:0] bits comprise sequence of bits defined by the developer. The corresponding
bits of the related identifier register (DRO-IDR3) of the receive message buffer are
compared. The result of this comparison is masked with the corresponding identifier mask
register.

8.8.13 MSCAN ldentifier Mask Registers (CANIDMRO0-7)

The identifier mask register specifies which of the corresponding bitsin the identifier
acceptance register are relevant for acceptance filtering. To receive standard identifiersin
32-hit filter mode, it isrequired to program the last three bits (AM[2:0]) in the mask
registers CANIDMR1 and CANIDMRS as 111. Thisis mandatory for the standard
identifier. To receive standard identifiersin 16-bit filter mode, it is necessary to program
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the last three bits (AM[2:0]) in the mask registers CANIDMR1, CANIDMR3,
CANIDMRS5 and CANIDMRY7 to 111. Thisregister can be read/write anytime when
SFTRES equals one.

MSCAN Identifier Mask Register 0 (CANIDMRO) — Address: CAN_BASE + $14
MSCAN Identifier Mask Register 1 (CANIDMR1) — Address: CAN_BASE + $15
MSCAN Identifier Mask Register 2 (CANIDMR2) — Address: CAN_BASE + $16
MSCAN Identifier Mask Register 3 (CANIDMR3) — Address: CAN_BASE + $17
MSCAN Identifier Mask Register 4 (CANIDMR4) — Address: CAN_BASE + $1C

Bits 15-8 7 6 5 4 3 2 1 0
Read 0
) AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write
Reset 0 0 0 0 0 0 0 0 0

Figure 8-24. MSCAN Identifier Mask Registers - 1st Bank CANIDMRO-3)
See Programmer Sheet, Appendix C, on page C-53

MSCAN Identifier Mask Register 5 (CANIDMR5) — Address: CAN_BASE + $1D
MSCAN Identifier Mask Register 6 (CANIDMR6) — Address: CAN_BASE + $1E
MSCAN Identifier Mask Register 7 (CANIDMR7) — Address: CAN_BASE + $1F

Bits 15-8 7 6 5 4 3 2 1 0
Read 0
) AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Write
Reset 0 0 0 0 0 0 0 0 0

Figure 8-25. MSCAN lIdentifier Mask Registers - 2nd Bank (CANIDMR4-7)
See Programmer Sheet, Appendix C, on page C-53

8.8.13.1 Acceptance Mask Bits (AM[7:0])—Bits 7-0

If any particular bit in thisregister is cleared, the corresponding bit in the identifier
acceptance register must match the cleared acceptance mask bit. The message is accepted
if all bitsmatch. If abitisset, it indicates the state of the corresponding bit in the identifier
acceptance register, does not affect the message being accepted.

* Ignore corresponding acceptance code register bit
« Match corresponding acceptance code register and identifier bits
8.8.14 Programmer’s Model of Message Storage

The following section details the organization of the receive and transmit message buffers
and the associated control registers. For reasons of programmer interface simplification,
the receive and transmit message buffers have the same outline. Each message buffer
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allocates 16 words in the memory map, containing a 13-word data structure. An additional
transmit buffer priority register (TBPR) is defined for the transmit buffers.

Table 8-10. Message Buffer Organization for Peripheral Address Locations

Register Name

Receive Buffer
(RB)

Transmit Buffer 0
(TBO)

Transmit Buffer 1
(TB1)

Transmit Buffer 2
(TB2)

Identifier Register 0 (IDRO)

CAN_BASE+%$40

CAN_BASE+$50

CAN_BASE+$60

CAN_BASE+$70

Identifier Register 1 (IDR1)

CAN_BASE+$41

CAN_BASE+$51

CAN_BASE+$61

CAN_BASE+$71

Identifier Register 2 (IDR2)

CAN_BASE+$42

CAN_BASE+$52

CAN_BASE+$62

CAN_BASE+$72

Identifier Register 3 (IDR3)

CAN_BASE+%$43

CAN_BASE+$53

CAN_BASE+$63

CAN_BASE+$73

Data Segment Register 0
(DSRO0)

CAN_BASE+$44

CAN_BASE+$54

CAN_BASE+$64

CAN_BASE+$74

Data Segment Register 1
(DSR1)

CAN_BASE+$45

CAN_BASE+$55

CAN_BASE+$65

CAN_BASE+$75

Data Segment Register 2
(DSR2)

CAN_BASE+$46

CAN_BASE+$56

CAN_BASE+$66

CAN_BASE+$76

Data Segment Register 3
(DSR3)

CAN_BASE+$47

CAN_BASE+$57

CAN_BASE+$67

CAN_BASE+$77

Data Segment Register 4
(DSR4)

CAN_BASE+$48

CAN_BASE+$58

CAN_BASE+$68

CAN_BASE+$78

Data Segment Register 5
(DSR5)

CAN_BASE+$49

CAN_BASE+$59

CAN_BASE+$69

CAN_BASE+$79

Data Segment Register 6
(DSR6)

CAN_BASE+$4A

CAN_BASE+$5A

CAN_BASE+$6A

CAN_BASE+$7A

Data Segment Register 7
(DSR7)

CAN_BASE+$4B

CAN_BASE+$5B

CAN_BASE+$6B

CAN_BASE+$7B

Data Length Register
(DLR)

CAN_BASE+$4C

CAN_BASE+$5C

CAN_BASE+$6C

CAN_BASE+$7C

Transmit Buffer Priority
Register! (TBPR)

CAN_BASE+$4D

CAN_BASE+$5D

CAN_BASE+$6D

CAN_BASE+$7D

Reserved

CAN_BASE+$4E

CAN_BASE+$5E

CAN_BASE+$6E

CAN_BASE+$7E

Reserved

CAN_BASE+$4F

CAN_BASE+$5F

CAN_BASE+$6F

CAN_BASE+$7F

1. Not applicable for receive buffers.
Note: CAN_BASE defined in Table 3-8.

Figur e 8-27 shows the common 13-word data structure of receive and transmit buffersfor
extended identifiers. The mapping of standard identifiersinto the IDRsis shown in
Figure 8-26. All bits of the receive and transmit buffers are zero out of reset.

For transmit buffers, this buffer can be read at any time; for receive buffers, the buffer
content is only readable when the RXF flag, in the CANRFLG register, is set for receive.
Please refer to Section 8.8.5.
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For transmit buffers, this bit can be modified any time when the TXE[2:0] flag isset; itis
reserved to receive buffers. Please refer to Section 8.8.7.

Reset: $0000
Register  gyq 15-8 7 6 5 4 3 2 1 0

Name
Read 0

IDRO ) ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
Write
Read 0

IDR1 ) ID2 ID1 IDO RTR IDE (=0)
Write
Read

IDR2 )
Write
Read

IDR3 )
Write

| ‘ = Reserved

Figure 8-26. Standard Identifier Mapping Registers (IDR0-3)
See Programmer Sheet, Appendix C, on page C-55

Register ;

Name Bits 15-8 7 6 5 4 3 2 1 0
Read 0

IDRO ) ID28 ID27 ID26 ID25 D24 ID23 ID22 ID21
Write
Read 0

IDR1 ) ID20 ID19 ID18 SRR (=1) | IDE (=1) ID17 ID16 ID15
Write
Read 0

IDR2 ) ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
Write
Read 0

IDR3 ) ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
Write

Figure 8-27. Extended Identifier Mapping Registers (IDR0-3)
See Programmer Sheet, Appendix C, on page C-55

8.8.14.1 Identifier Registers (IDR0-3)

The identifier registers for an extended format identifier consist of atotal of 32 bits:
ID[28:0], SRR, IDE, and RTR bhits.

The identifier registers for a standard format identifier consist of atotal of 13 bits:
ID[10:0], RTR, and IDE bits.

MSCAN Receive Buffer Identifier Register 0 (CAN_RB_IDR0O) — Address: CAN_BASE + $40
MSCAN Receive Buffer Identifier Register 1 (CAN_RB_IDR1) — Address: CAN_BASE + $41
MSCAN Receive Buffer Identifier Register 2 (CAN_RB_IDR2) — Address: CAN_BASE + $42
MSCAN Receive Buffer Identifier Register 3 (CAN_RB_IDR3) — Address: CAN_BASE + $43
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MSCAN Transmit Buffer O Identifier Register 0 (CAN_TBO_IDR0O) — Address: CAN_BASE + $50
MSCAN Transmit Buffer O Identifier Register 1 (CAN_TBO_IDR1) — Address:
MSCAN Transmit Buffer O Identifier Register 2 (CAN_TBO_IDR2) — Address:
MSCAN Transmit Buffer O Identifier Register 3 (CAN_TBO_IDR3) — Address:

MSCAN Transmit Buffer 1 Identifier Register 0 (CAN_TB1_IDR0O) — Address:
MSCAN Transmit Buffer 1 Identifier Register 1 (CAN_TB1_IDR1) — Address:
MSCAN Transmit Buffer 1 Identifier Register 2 (CAN_TB1_IDR2) — Address:
MSCAN Transmit Buffer 1 Identifier Register 3 (CAN_TB1_IDR3) — Address:

MSCAN Transmit Buffer 2 Identifier Register 0 (CAN_TB2_IDR0) — Address:
MSCAN Transmit Buffer 2 Identifier Register 1 (CAN_TB2_IDR1) — Address:
MSCAN Transmit Buffer 2 Identifier Register 2 (CAN_TB2_IDR2) — Address:
MSCAN Transmit Buffer 2 Identifier Register 3 (CAN_TB2_IDR3) — Address:

8.8.14.1.1 Extended Format Identifier Bits (ID[28:0])

The identifiers consist of 29 bits (ID28-ID0) for the extended format. ID28 is the MSB,

CAN_BASE + $51
CAN_BASE + $52
CAN_BASE + $53

CAN_BASE + $60
CAN_BASE + $61
CAN_BASE + $62
CAN_BASE + $63

CAN_BASE + $70
CAN_BASE + $71
CAN_BASE + $72
CAN_BASE + $73

transmitted first on the bus during the arbitration procedure. The priority of an identifier is

defined to be highest for the smallest binary number.

8.8.14.1.2 Standard Format Identifier Bits (ID[10:0])

The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID[10] is the MSB,

transmitted first on the bus during the arbitration procedure. The priority of an identifier is

defined to be highest for the smallest binary number.

8.8.14.1.3 Substitute Remote Request (SRR)—-BiIt 4 in IDR1 (Extended)

Thisfixed recessive bit is used only in extended format. The bit must be set to one for
transmission buffers. It is stored as received on the CAN bus for receive buffers.

8.8.14.1.4 |D Extended (IDE)—Bit 3 in IDR1

This flag indicates whether the extended or standard identifier format is applied in this
buffer. In the case of areceive buffer, theflag is set as received, indicating to the CPU
how to process the buffer identifier registers. In the case of atransmit buffer, the flag
indicates to the MSCAN what type of identifier to send.

« 1 = Extended format (29-bit)
» 0 = Standard format (11-bit)

8.8.14.1.5 Remote Transmission Request (RTR)—ABit 4 in IDR1 (Standard)

Thisflag reflects the status of the remote transmission request bit in the CAN frame. In the
case of areceive buffer, it indicates the status of the received frame and supports the
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transmission of an answering frame in software. In the case of atransmit buffer, thisflag

defines the setting of the RTR bit to be sent.

« 1 = Remote frame
e 0= Data frame

8.8.14.2 Data Segment Registers (DSR0-7)

The eight data segment registers, each with bits DB[7:0], contain the datato be transmitted
or received. The number of bytes to be transmitted or received is determined by the data

length code in the corresponding DLR register.

MSCAN Receive Buffer Data Segment Register 0 (CAN_RB_DSR0) — Address:
MSCAN Receive Buffer Data Segment Register 1 (CAN_RB_DSR1) — Address:
MSCAN Receive Buffer Data Segment Register 2 (CAN_RB_DSR2) — Address:
MSCAN Receive Buffer Data Segment Register 3 (CAN_RB_DSR3) — Address:
MSCAN Receive Buffer Data Segment Register 4 (CAN_RB_DSR4) — Address:
MSCAN Receive Buffer Data Segment Register 5 (CAN_RB_DSR5) — Address:
MSCAN Receive Buffer Data Segment Register 6 (CAN_RB_DSR6) — Address:
MSCAN Receive Buffer Data Segment Register 7 (CAN_RB_DSR7) — Address:

MSCAN Transmit Buffer 0 Data Segment Register 0 (CAN_TB0_DSR0) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 1 (CAN_TB0_DSR1) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 2 (CAN_TB0_DSR2) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 3 (CAN_TB0_DSR3) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 4 (CAN_TB0_DSR4) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 5 (CAN_TB0_DSR5) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 6 (CAN_TB0_DSR6) — Address:
MSCAN Transmit Buffer 0 Data Segment Register 7 (CAN_TB0O_DSR7) — Address:

MSCAN Transmit Buffer 1 Data Segment Register 0 (CAN_TB1_DSR0) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 1 (CAN_TB1_DSR1) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 2 (CAN_TB1_DSR2) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 3 (CAN_TB1_DSR3) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 4 (CAN_TB1_DSR4) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 5 (CAN_TB1_DSR5) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 6 (CAN_TB1 _DSR6) — Address:
MSCAN Transmit Buffer 1 Data Segment Register 7 (CAN_TB1_DSR7) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 0 (CAN_TB2_DSR0) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 1 (CAN_TB2_DSR1) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 2 (CAN_TB2_DSR2) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 3 (CAN_TB2_DSR3) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 4 (CAN_TB2_DSR4) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 5 (CAN_TB2_DSR5) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 6 (CAN_TB2_DSR6) — Address:
MSCAN Transmit Buffer 2 Data Segment Register 7 (CAN_TB2_DSR7) — Address:

CAN_BASE + $44
CAN_BASE + $45
CAN_BASE + $46
CAN_BASE + $47
CAN_BASE + $48
CAN_BASE + $49
CAN_BASE + $4A
CAN_BASE + $4B

CAN_BASE + $54
CAN_BASE + $55
CAN_BASE + $56
CAN_BASE + $57
CAN_BASE + $58
CAN_BASE + $59
CAN_BASE + $5A
CAN_BASE + $5B

CAN_BASE + $64
CAN_BASE + $65
CAN_BASE + $66
CAN_BASE + $67
CAN_BASE + $68
CAN_BASE + $69
CAN_BASE + $6A
CAN_BASE + $6B
CAN_BASE + 74

CAN_BASE + $75
CAN_BASE + $76
CAN_BASE + $77
CAN_BASE + $78
CAN_BASE + $79
CAN_BASE + $7A
CAN_BASE + $7B
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Register

Name Bits 15-8 7 6 5 4 3 2 1 0
Read

DSRO . 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR1 ) 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR2 ) 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR3 . 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR4 ) 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR5 ) 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR6 . 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write
Read

DSR7 Writ 0 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
rite

| ‘ = Reserved

Figure 8-28. Standard Data Length Register Mapping
See Programmer Sheet, Appendix C, on page C-53

8.8.14.3 Data Length Register (DLR)
This register keeps the data length field of the CAN frame.

Datalength code bits DL C[ 3:0] contain the number of bytes (data byte count) of the
respective message. During the transmission of a remote frame, the data length code is
transmitted as programmed while the number of transmitted data bytesis always zeroin a
remote frame. The data byte count ranges from zero to eight for a data frame. Table 8-11
demonstrates the effect of setting the DLC bits.

MSCAN Receive Buffer Data Length Register (CAN_RB_DLR) — Address: CAN_BASE + $4C

MSCAN Transmit Buffer 0 Data Length Register (CAN_TBO_DLR) — Address: CAN_BASE + $5C
MSCAN Transmit Buffer 1 Data Length Register (CAN_TB1 DLR) — Address: CAN_BASE + $6C
MSCAN Transmit Buffer 2 Data Length Register (CAN_TB2_DLR) —Address: CAN_BASE + $7C

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

. DLC3|DLC2|DLC1|DLCO
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-29. Data Length Register (DLR)
See Programmer Sheet, Appendix C, on page C-55
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Table 8-11. Data Length Codes

Data Length Code Data
Byte
DLC3 DLC2 DLC1 DLCO Count

0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8

8.8.14.4 Transmit Buffer Priority Register (TBPR)

A transmit buffer priority register defines the local priority of the associated message
buffer. The local priority is used for the internal prioritization process of the MSCAN and
is defined to be highest for the smallest binary number. The MSCAN implements the
following internal prioritization mechanisms:

» All transmission buffers with a cleared TXE[2:0] flag participate in the
prioritization immediately before the start of frame (SOF) is sent
* The transmission buffer with the lowest local priority field wins the prioritization

* In cases of more than one buffer having the same lowest priority, the message
buffer with the lower index number wins

This register can be read/write at any time.

MSCAN Transmit Buffer O Priority Register (CAN_TBO_TBPR)— Address: CAN_BASE + $5D
MSCAN Transmit Buffer 1 Priority Register (CAN_TB1_TBPR) — Address: CAN_BASE + $6D
MSCAN Transmit Buffer 2 Priority Register (CAN_TB2_TBPR) — Address: CAN_BASE + $7D

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read olo|lo|o|o] o] oO0]|oO
Write PRIO7|PRIO6| PRIO5| PRIO4| PRIO3| PRIO2| PRIO1| PRIOO
Reset 0o 0o o0 O o0 0 0 o 0 0 0 0 0 0 0 0
Figure 8-30. Transmit Buffer Priority Register (TBPR)
See Programmer Sheet, Appendix C, on page C-56
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8.8.14.4.1 Reserved Bits—Bits 15-8
These bits cannot be modified. They are read as zero.
8.8.14.4.2 Transmit Buffer Priority (PRIO[7:0])—Bits 7-0

These bits define the local priority of the corresponding message buffer. For example, bit
PRIO7 defines the priority of the seventh message buffer. When more than one transmit
buffer priority bit is active, the bit with the lowest index number gains higher priority. For
instance, if PRIO1 and PRIO2 are both active, PRIO1 has higher priority.

8.9 Modes of Operation

8.9.1 Normal Modes
The MSCAN module behaves as described within this specification in all normal modes.

8.9.2 Special Modes

The MSCAN module has no special accessible modes.

8.9.3 Emulation Modes

In all emulation modes, the MSCAN modul e behaves just like normal modes as described
within this specification.

8.9.4 Security Modes
The MSCAN module has no security feature.

8.10 Low Power Options

When the MSCAN isdisabled, that isto say CANE equals zero, the MSCAN clocks are
stopped for power savings.

When the MSCAN is enabled, or CANE equals one, the MSCAN has three modes with
reduced power consumption, in addition to normal mode: sleep, soft reset, and power
down modes. In sleep and soft reset mode, power consumption is reduced by stopping all
clocks except those to access the registers. In the power down mode, all clocks are stopped
and no power is consumed.

Table 8-12 summarizes the combinations of MSCAN and CPU modes. A particular
combination of modesis entered by the given settings on the CSWAI, SLPAK, and
SFTRES hits.
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For all modes, an MSCAN wake-up interrupt can only occur if the MSCAN isin sleep
mode, that isto say SLPAK equals one, and the wake-up interrupt is enabled, or WUPIE
equals one.

Table 8-12. MSCAN vs. CPU Operating Modes

MSCAN Mode CPU Mode?
RUN WAIT STOP
CSWAI =X CSWAI=0
Sleep SLPAK =1 SLPAK =1
SFTRES =0 SFTRES =0
CSWAI =X CSWAI=0
Soft Reset SLPAK =0 SLPAK=0
SFTRES =1 SFTRES =1
CSWAI=1 CSWAI =X
Power Down SLPAK = X SLPAK = X
SFTRES =X SFTRES = X
CSWAI =X CSWAI=0
Normal SLPAK =0 SLPAK =0
SFTRES =0 SFTRES =0
1. ‘X’ means don't care.

Note: If MSCAN isin asleep mode and a soft reset is asserted, then MSCAN
wake-up interrupt is not asserted.

8.10.1 Run Mode

Asillustrated in Table 8-12, two low power options are available in the run mode: sleep
SLPAK eqguals one, and soft reset SFTRES equals one modes.

8.10.2 Wait Mode

The wait instruction placesthe MCU in alow power consumption stand-by mode. If the
CSWAI bit is set, additional power can be saved because the CPU clocks have stopped.
While the CPU isin await mode, the MSCAN can be operated in a normal mode and still
generate interrupts. Registers can be accessed via background debug mode. The MSCAN
can also operate in any of the low power modes depending on the values of the SLPAK,
SFTRES, and CSWAI bits, detailed in Table 8-12.

Please refer to Section 8.11.3 for recovery from stop or wait modes.
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Note: I mportant: Itispossible for MSCAN to wake-up the CPU from wait mode if
the following sequence is followed:

1. MSCAN is put into sleep mode and discussed in Section 8.10.4

2. CSWAI control bitissetin CANCTLO register to set CAN stopsin await
mode

3. MSCAN is put into wait mode

In this case, MSCAN would generate a wake-up interrupt signal to the CPU on
sensing any bus event of CAN bus. Glitches of less than 5us are filtered out.
Thiswake-up design usesthe crystal oscillator clock directly and also thewhole
path for assertion of wake-up interrupt is asynchronous with respect to the
system operation.

8.10.3 Stop Mode

The stop instruction places the MCU in alow power consumption stand-by mode. In stop
mode, the MSCAN operates in power down mode regardless of the value of the SLPAK,
SFTRES, and CSWAI bits. See Table 8-12.

Please refer to Section 8.11.3 for recovery from stop mode.

Note: I mportant: Itispossible for MSCAN to wake-up the CPU from stop mode
only if the following sequenceis followed:

1. MSCAN is put into sleep mode, discussed in Section 8.10.4 below
2. MSCAN is put into stop mode

In this case, MSCAN would generate a wake-up interrupt signal to the CPU on
sensing any bus event of CAN bus. Glitches of less than 5us are filtered out.
Our wake-up design usesthe crystal oscillator clock directly and aso the whole
path for assertion of wake-up interrupt is asynchronous with respect to the
system operation.

8.10.4 Sleep Mode

The CPU can request the MSCAN to enter thislow power mode by asserting the SLPRQ
bit in the CANCTLO register. See Figur e 8-31. The time when the MSCAN enters sleep
mode depends on its activity:

o Ifitis transmitting, it continues to transmit until the entire message is transmitted
and then goes into sleep mode
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» |Ifitis receiving, it waits for the end of this message and then goes into sleep mode
« Ifitis neither transmitting nor receiving, it immediately goes into sleep mode

MSCAN RUNNING

SLPRQ =0
SLPAK =0

MSCAN SLEEPING

SLEEP REQUEST

SLPRQ =1
SLPAK =0

SLPRQ =1
SLPAK =1

MSCAN

Figure 8-31. Sleep Request/Acknowledge Cycle

Note: The application software must avoid setting up a transmission by clearing one
or more TXE[2:0] flag(s) then immediately request a sleep mode by setting
SLPRAQ. It depends on the exact sequence of operations whether the MSCAN
starts transmitting or goes directly into the sleep mode.

The SLPAK flag is set during the sleep mode. It is recommended the application software
use SLPAK as a handshake indication for the request to go into sleep mode (SLPRQ).

When in a sleep mode, the MSCAN stops its internal clocks, eliminating transmit and
receive operation performances. However, clocks allow register accesses to still run. If the
MSCAN is in a bus-off state, it stops counting the £28 consecutive recessive bits
because of the stopped clocks. The MSCAN_TX pin remains in a recessive state. If RXF
equals one, the message can be read and RXF can be cleared. Copying RxBG into RxFG
does not take place while in sleep mode. It is possible to access the transmit buffers and to
clear the associated TXE[2:0] flags. No message abort will take place while in the sleep
mode.
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The MSCAN leaves sleep mode, when

* bus activity occurs, or
» the MCU clears the SLPRQ bit, or
* the MCU sets the SFTRES bit

Note: The MCUcannot clear the SLPRQ bit before the MSCAN has entered a sleep
mode, or SLPAK equals one.

Note: I mportant: It is possible for MSCAN to wake-up the CPU from wait mode, if
the following sequence is followed:

1. MSCAN is put into a sleep mode and discussegbition 8.10.4. n

2. CSWAI control bit is set in CANCTLO register to set CAN stops in wait
mode.

3. MSCAN is placed into wait mode.

In this case, MSCAN would generate a wake-up interrupt signal to the CPU on sensing
any bus event of CAN bus. Glitches of less tharake filtered out. This wake-up design
uses the crystal oscillator clock directly and also the whole path for assertion of wake-up
interrupt is asynchronous.

After a wake-up signal is sent, the MSCAN waits 11 consecutive recessive bits
to synchronize to the bus. As a consequence, if the MSCAN is awakened by a
CAN frame, it is not received. The receive message buffers (RXFG and RxBG)
contain messages if they were received before sleep mode was entered. All
pending actions will be executed upon wake-up; copying of RxBG into RxFG,
message aborts and message transmissions. If the MSCAN is still in bus-off
state after sleep mode was left, it continues counting the 128&onsecutive
recessive bits.

Note: MSCAN wakes up from a sleep mode when SOFTRES bit in CANCTLO
register is asserted. However, this mechanism is not a recommended
approach for wake-up because after assertion of SOFTRES bitin CANCTLO
register, all registers come to a known default reset state. Also, in this
approach, pending actions before entering into sleep mode, for example,
copying of RxBG into RxXFG will not be executed as MSCAN would already
be in SOFTRES state.
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8.10.5 Soft Reset Mode

In soft reset mode, any ongoing transmission or reception is aborted and synchronization
to the busis potentially lost causing CAN protocol violations. The MSCAN drivesthe
MSCAN_TX pin to arecessive state to protect the CAN bus.

Note: Ensure the MSCAN is not active when a soft reset mode is entered. The
recommended procedure is to bring the MSCAN into a sleep mode before
setting the SFTRES bit in the CANCTLO register.

The MSCAN is stopped in the soft reset mode. However, registers can still be accessed.
Thismode is used to initialize the module configuration, bit timing, and the CAN message
filter. See Section 8.8.1 for a description of the soft reset mode.

8.10.6 Power Down Mode
The MSCAN isin power down mode when:

« The CPU is in stop mode or
« The CPU is in wait mode and the CSWAI bit is set

When entering the power down mode, the MSCAN immediately stops all ongoing
transmissions and receptions, potentially causing CAN protocol violations. Please refer to
Table 8-12.

Note: Ensure the MSCAN is not active when the power down mode is entered. The
recommended procedure is to bring the MSCAN into a sleep mode before the
stop or wait instruction is executed, if CSWAI is set.

To protect the CAN bus system from fatal consequences of violations to the above rule,
the MSCAN drives the MSCAN_TX pin into a recessive state.

In the power down mode, all clocks are stopped and no registers can be accessed.

8.10.7 Programmable Wake-Up Function

The MSCAN can be programmed to apply a low-pass filter function to the MSCAN_RX
input line while in the sleep mode. See control bit WUPMaction 8.8.2. This feature

can be used to protect the MSCAN from wake-up because of short glitches on the CAN
bus lines. These glitches can result from electromagnetic interference within noisy
environments. The wake-up filter function, filtering the glitches on CAN bus of duration
less than fs, is programmable through the bit wake-up mode in CANCTL1 register.
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8.11 Interrupt Operation

The MSCAN supports four interrupt vectors mapped onto 11 different interrupt sources.
any of the interrupt sources can be individually masked. For details, see Section 8.8.5 to
Section 8.8.8.

« Transmit Interrupt—At least one of the three transmit buffers, TBO, TB1, TB2, is
empty, or is not scheduled. It can be loaded to schedule a message for transmission.
The TXE[2:0] flag of the empty message buffer is set. [Sdxe 8-10

* Receive Interrupt—A message is successfully received and loaded into the
foreground receive buffer. This interrupt is generated immediately after
recognizing the EOF symbol. The RXF flag is set

* Wake-up Interrupt—Activity on the CAN bus occurred during MSCAN internal
sleep mode

« Error Interrupt—An overrun, error, or warning condition occurred. The MSCAN
receiver flag register indicates one of the following conditions:

— Overrun—An overrun condition has occurred. The overrun condition is
described in Section 8.7.1.3

— Receiver Warning—The receive error counter has reached the CPU warning
limit of 96

— Transmitter Warning—Fhe transmit error counter has reached the CPU warning
limit of 96

— Receiver Error Passive—The receive error counter has exceeded the error
passive limit of 127 and MSCAN has gone to the error passive state

— Transmitter Error Passive—The transmit error counter has exceeded the error
passive limit of 127 and MSCAN has gone to the error passive state

— Bus Off—The transmit error counter has exceeded 255 and MSCAN has gone
to the bus-off state

Note: Error interrupt signal to CPU is asserted when exceeding the threshold
condition of interrupt and when it is dropping below the threshold condition for
each cause of the error interrupt generation. This ensures CPU will come to
know the updated status of the cause of the error interrupt generation. Hence,
CPU need not waste cycles in just polling for the event.

For Instance, error interrupt is asserted when transmitter error count crosses the
threshold of 96, TX warning error, from <9666, and also from 86 to <96.
Similarly, for receiver warning case, when the Rx error count is crossing from
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<128 to >128 as well asfrom >128 to <128, error interrupt is asserted. Similar
rules apply to other error flags.

When CPU writes one into any of the error interrupt causing flags, the error
interrupt signal gets denied, if the interrupt is already asserted, even though the
condition to set the flag continues to remain active. That means, awrite of one
by CPU will shield only the interrupt signal to CPU and does not update the
status of the flag.

8.11.1 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in either the M SCAN
Receiver Flag Register (CANRFLG) or the MSCAN Transmitter Flag Register
(CANTFLG). Interrupts are pending as long as one of the corresponding flagsis set.
Interrupt flags must be reset within the interrupt handler to re-enable the interrupt. The
flags are reset by writing a one to the corresponding bit in the flag register. A flag cannot
be cleared if the respective condition still prevails, except in the case of an error interrupt.

If an error interrupt is the cause of the interrupt, the CPU has to write onein the
corresponding flags in the above registers to clear the interrupt signal to the CPU. In this
case, even though error interrupt flags status is set. That is, the error counter valueis still
above the defined threshold value and interrupt still gets denied when the CPU writes one
into the corresponding bit positions causing error interrupt.

Note: Thereisaone cycle delay in the clearing of the interrupt request once the
interrupt flag has been cleared. It is recommended to clear the interrupt flag
early in the interrupt handler routine.

Note: Bit manipulation instructions (BSET) must not be used to clear interrupt flags.
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8.11.2 Interrupt Sources
The MSCAN supports four interrupt functions, as shown in Table 8-13.

Note: The vector addresses and the relative interrupt priority are determined at the
chip level.

Table 8-13. MSCAN Interrupt Sources

Interrupt Function Interrupt Flag El_no;bi
Wake-Up WUPIF WUPIE
RWRNIF RWRNIE
TWRNIF TWRNIE

Error RERRIF RERRIE
Interrupts TERRIF TERRIE
BOFFIF BOFFIE

OVRIF OVRIE

Receive RXF RXFIE
TXEO TXEIEO

Transmit TXE1 TXEIEL
TXE2 TXEIE2

8.11.3 Recovery from Stop or Wait

The MSCAN can recover from stop or wait through the wake-up interrupt. This interrupt
can only occur if CPU puts MSCAN into a sleep mode before entering into the stop or
wait modes, then the wake-up interrupt is enabled, that is WUPIE equals one. For details
about entering into a sleep mode, please refer to Section 8.10.4. However, if MSCAN isin
a sleep mode and a soft reset is asserted, then MSCAN would not wake-up the CPU. The
CPU hasto put MSCAN in sleep mode again, for it to wake-up the CPU.
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Chapter 9
Analog-to-Digital Converter (ADC)
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Features

9.1 Introduction

The DSP56F801, DSP56F803, and DSP56F805 each have a dual, 4-input,
analog-to-digital converter (ADC) named ADCA totaling eight analog inputs. The
DSP56F807 has two dual, 4-inputs, 12-bit ACDs, named ADCA and ADCB, totaling 16
analog inputs. While the registers are named identically, they have different addresses.
Please refer to ADC on Appendix page C-17 for complete details.

9.2 Features

The analog-to-digital converter (ADC) consists of two separate and complete ADCs, each
with their own sample and hold circuits. A common digital control module configures and
controls the functioning of these ADCs. ADC features:

* 12-bit resolution

« Sampling rate up to 1.66 million samples per setond

« Maximum ADC clock frequency is 5MHz with 200ns period

» Single conversion time of 8.5 ADC clock cycles (8.5 x 200 ns gs).7
« Additional conversion time of 6 ADC clock cycles (6 x 200 ns $14)2

« Eight conversions in 26.5 ADC clock cycles (26.5 x 200 ns ggj.8sing
simultaneous mode

* ADC can be synchronized to the PWM via the sync signal

» Simultaneous or sequential sampling

* Internal multiplexer to select two of eight inputs

» Ability to sequentially scan and store up to eight measurements
» Ability to simultaneously sample and hold two inputs

» Optional interrupts at end of scan, if an out-of-range limit is exceeded or at zero
crossing

» Optional sample correction by subtracting a pre-programmed offset value
« Signed or unsigned result

» Single ended or differential inputs

1. Onceinloop mode, the time between each conversionis6 ADC clock cycles (1.2 ps). Using simultaneous
conversion, two samples can be obtained in 1.2 ps. Samples per second is calculated according to 1.2 us per
two samples or 1666666 samples per second.
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9.3 Functional Description

A block diagram of the ADC module is shown in Figure 9-1.

VREF
ANO — | — ]
— 1 X - - _
ﬁ“% g — o Scaling and
AN3  — Sample/ Cyclic Converter |15 |"DIGITAL OUTPUT |
AN4 — Hold — STORAGE —
__ REGISTERS _ |
ﬁmg é . Scaling and
AN7 | = Cyclic Converter 1:2- — —
/v|/16
e — IRQ
SYNC CONTROLLER Bus Interface
g Data

Figure 9-1. ADC Block Diagram

The ADC function, illustrated in Figure 9-1, consists of an eight-channel input select
function and two independent sample and hold (S/H) circuits feeding separate 12-bit
ADCs. The two separate converters store their results in an accessible buffer, awaiting
further processing by the internal functions. The conversion processis either initiated by a
SYNC signal or awriteto the control register (ADCR1) start bit.

The channel select mux will accommodate either current injection or current pulling
protection at deselected analog inputs. This current sourcing or pulling at the deselected
inputs will not interfere with the sample being acquired at the selected input. The current
being injected or pulled is being supplied from an inductive source and the desel ected
analog inputs must have provisions to supply or sink this current. When the inductive
forceisforcing or injecting acurrent at a deselected input, the input must provide a path to
VSSA. Likewise, when the sourceis pulling a current, at the deselected input, the select
mux must provide a path to VDDA.

The ADC consists of acyclic, algorithmic architecture using two recursive sub-ranging
sections. Each sub-ranging section resolves a single bit for each conversion clock,
resulting in an overall conversion rate of two bits per clock cycle. Each sub-ranging
section is designed to run at a maximum clock speed of 5SMHz so a complete 12-bit
conversion can be accommodated in 1.2p4s, not including sample or post processing time.

The ADC module performs aradio metric conversion. For single ended measurements, the
digital result is proportional to the ratio of the analog input to the reference voltage in the
following diagram.
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Note: The ADC isa 12-bit function with 4096 possible states. However, the 12 bits
have been left shifted three bits on the 16-bit data bus so its magnitude, as read
from the data bus, is now 32760. The following example use 32760.

ValueRead

32760 x VREF = SingleEndedVoltage

Note: Theresult is rounded to the nearest L SB.

Vin = Applied voltage
Vref = External pin on the device

Starting a single conversion actually begins a sequence of conversions, or a scan. A
conversion, or scan, can sample and convert up to eight unique single-ended channels, up
to four differential channel pairs, or any combination of these.

The ADC can be configured to perform a single scan and halt, perform a scan whenever
triggered, or perform the programmed scan sequence repeatedly until manually stopped.

The dual ADC can be configured for either sequential or simultaneous conversion. When
configured for sequential configuration, up to eight channels, single-ended connection,
can be sampled and stored in any order specified by the channel list register. During a
simultaneous conversion, both S/H circuits are used to capture two different channels at
the same time. This configuration places the restriction a single channel may not be
sampled by both S/H circuits simultaneously.

The channel list register is programmed with the scan order of the desired channels.

Optional interrupts can be generated at the end of the scan sequence. The optiona
interrupt isused if achannel isout of range. Range is determined by the high and low limit
registers, or at several different zero crossing conditions.

The method for initiating a conversion, or a scan consisting of multiple conversions, is
programmable. It can be set to be either the sync signal or awrite to the ADCRL control
register start bit. If ascan isinitiated while another scan isin process, the start signal is
ignored until the conversion is complete, or when CIP breaksto zero.

9.3.1 Differential Inputs

The number of conversionsin ascan is programmable from one to eight separate channels
when all inputs are configured as single-ended, or programmable from one to four, if all
inputs are configured as differential.
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Note: The ADC isa 12-bit function with 4096 possible states. However, the 12 bits
have been left shifted three bits on the 16-bit data bus so its magnitude, as read
from the data bus, is now 32760. The following example use 32760.

When converting differential measurements, the following formulais useful:

6.6V x Valsl;ggad —3.3V = DifferentialVoltage

These are afew examples:

Typical reading:

221120 _
%.6Vx ees— 33V = 115

Most negative reading possible:

0 - _
%.(Wx32760D 3.3V = -3.3V

Most positive reading possible:

327600 _
%.GVx g~ 33V = 33V

A zero reading (hex values shown):

3FFCO _
Bs.est SEEer33V = ov

To get dependable data from differential measurements, the voltage applied to the +/-
inputs must be symmetric about V g/ 2.
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V REF/Z Potential

AN+

AN-

Differential Buffer will center about mid point.

AN+
§| § AN-
VeRed2 L

i
Center tap held at V g2

Figure 9-2. Typical connections for Differential Measurements

A mix and match combination of single-ended and differential configurations may exist.
For example:

* ANO and ANL1 differential, AN2 and AN3 single-ended
* AN4 and ANGS differential, and AN6 and AN7 single-ended

If the scan parameter indicates more than one conversion, a second conversion is
immediately initiated following the completion of the first conversion.

The ADC can beonfigured for either sequential or simultaneous conversion. When
configured forsequential configuration, up to eight-channels, single-ended connection,
can be sampled and stored in any order specified by the channel list register. During a
simultaneous conversion, both S/H circuits are used to capture two different channels
simultaneously. A simultaneous configuration restricts concurrent channels from having
same channel number. Channels must be unique.

The channel list register is programmed with the order of the desired channels.
Additionally, scan sequences can be repeated infinitely by configuring the ADC for loop
mode. Optional interrupts can be generated at the end of the scan sequence if a channel is
out of range as determined by the high and low limit registers, or at several different zero
crossing conditions.

The method for initiating a conversion or a scan, consisting of multiple conversions, is
programmable. It can be set to be either the sync signal or a write to the ADCR1 start bit.
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If ascanisinitiated while another scan isin process, the start signal isignored or delayed
until the analog coreis able to start another conversion cycle.

9.4 Timing

Figure 9-3illustrates atiming diagram for the ADC module.

CLK

ADC CLK Ty udyyyyy e

synCPulse || [| ignored
or Start

]
MUX Select j
Conversion 4 \—‘—
A

ADC Result A
Latched sample0 samplel

Interrupt

(if enabled)

Conversions are pipelined. The second start is ignored until the end of the first
programmed conversion. The third start is synchronized to the positive edge
of the ADC clock, then conversion processes is restarted.

Figure 9-3. ADC Timing
ADC_CLK isderived from IPBUS clock. The frequency relationship is programmable.

A conversion isinitiated by a sync pulse originating from the timer module, as shown in
Figure 9-3, or by awrite to the ADCRL1 start bit. In the clock cycle following this pulse
the conversionisinitiated. The ADC clock, ADC_CLK, period is determined by the
DIV[3:0] valuein the ADCR2. The positive edge of the ADC clock aligns to the positive
edge of the IPbus clock (CLK).

The first conversion takes 8.5 ADC clocks to be valid. Then, each additional sample only
takes six ADC clocks. The start conversion command is latched and the real conversion
process is synchronized to the positive edge of the ADC clock.

Because the conversion is a pipeline process, once the last sample has been acquired in the
S/H. However, the conversion cycle can be aborted by issuing a stop command.
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9.5 Pin Descriptions
For each ADC, the letter of the module also becomes part of the input pin name.

ADCA hasthe following pins: ANAO, ANA1, ANA2, ANA3, ANA4, ANAS5, ANAG,
ANA7 ADCB hasthefollowing pins: ANBO, ANB1, ANB2, ANB3, ANB4, ANBS5,
ANBG6, ANB7 The 807 has two reference pins. VREF and VREF2.

9.5.1 Analog Input Pins (ANO—AN7)

Each ADC module has eight analog input pins. Each of the pinsis connected to an internal
multiplexer. The multiplexer selects the analog voltage to be converted. The eight analog
input pins are subdivided into two sets of four. Each set of four inputs has its own S/H
circuit. This configuration allows for simultaneous sampling of two selected channels.
Two channels from the same subgroup can be sampled simultaneously when one of the
channels is exchanged with a channel from the other subset, so the two channels are on
different subgroups. An equivalent circuit for an analog input is shown below:

ADC analog input
AN
/

Figure 9-4. Equivalent Analog Input Circuit

A\

o
-
-

1. Parasitic capacitance due to package, pin to pin, and pin to package base coupling.
1.8pf

2. Parasitic capacitance due to the chip bond pad, ESD protection devices and signa
routing. 2.04pf

3. Equivalent resistance for the ESD isolation resistor and the channel select mux.
5000hms

4. Sampling capacitor at the sample and hold circuit. 1pf
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9.5.2 Voltage Reference Pin (VREF)

The difference between VREF and VSSA, analog ground, provides the reference voltage
al analog inputs are measured against. VREF is nominally set to 3.0V. VSSA is
nominally set to OV. The reference voltage ought to be provided from alow noise filtered
source. All bypass capacitors must be connected between VREF and VSSA. Thereference
source should be capable of providing up to 12mA of reference current.

When making absol ute measurements, with respect to ground, it is recommended VREF
be fixed 100mV below the minimum supply voltage the part is expected to see. Under this
condition, the part should be used in the single ended mode only, the differential mode
does not correctly function with these conditions.

When tieing V ger to the same potential as Vp, relative measurements are being made
with respect to the amplitude of Vppa. It isimperative special precautions be taken
assuring the voltage applied to Vg be as noise free as possible. Any noiseresiding on the
V rer VOltage is directly transferred to the digital result.

The Ve signal typically takes roughly 11.6mA and is expected to be as noise free as
possible for the ADC to maintain good accuracy.

9.5.3 Supply Pins (Vppa: Vssa)

Dedicated power supply pins are provided for the purposes of reducing noise coupling and
to improve accuracy. The power provided to these pinsis suggested to come from alow
noise filtered source and to be capable of providing up to 40mA of current. Uncoupling
capacitors ought to be connected between Vpp, and V ga.

9.6 Register Summary

A prefix is added to each register to reflect which ADC module is being accessed: ADCA
or ADCB. For example, the ADCR1 for the ADCA module will be called ADCA_ADCRL.

Each DSP56F801/803/805/807 ADC module has the following registers:

« ADC control register 1(ADCR1)

« ADC control register 2 (ADCR2)

* ADC zero crossing control register (ADZCC)
* ADC channel list register 1(ADLST1)

« ADC channel list register 2 (ADLST?2)
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 ADC sample disable register (ADSDIS)

» ADC status register (ADSTAT)

« ADC limit status register (ADLSTAT)

* ADC zero crossing status register (ADZCSTAT)
» ADC result registers (ADRSLHY)

* ADC low limit registers (ADLLMTG-7)

* ADC high limit registers (ADHLMT67)

* ADC offset registers (ADOFS@)

For more information about ADCA registers, please refer to Table 3-24 Additional
information about the ADCB registersisfound in Table 3-25
9.7 Register Definitions

The address of aregister isthe sum of a base address and an address offset. The base
addressis defined at the DSP core. The address offset is defined at the module level.
Please reference Section 3.11The base address given for each register will be either
ADCA_BASE or ADCB_BASE depending on which ADC is being used.

9.7.1 ADC Control Register 1 (ADCR1)

ADC_BASE+$0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0
. STOP SYNC|EOSIE| ZCIE |LLMTIE| HLMTIE CHNCFGJ3:0] SMODE[2:0]
Write START
Reset 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1

Figure 9-5. ADC Control Register 1 (ADCR1)
See Programmer Sheet, Appendix C, on page C-69

9.7.1.1 Reserved Bits—Bits 15 and 3

These bits cannot be modified. They are read as zero.

9.7.1.2 Stop (STOP)—Bit 14

When stop is selected, the current conversion process is stopped. Any further sync pulses
or modifications to the start bit are ignored until the stop bit has been cleared. After the
ADC isin stop mode, the results registers can be modified by the processor. Any changes
to the register in stop mode istreated as if the analog core supplied the data. Therefore,
limit checking, zero crossing, and associated interrupts can occur when authorized.
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« 1 = Stop command issued

* 0 = Normal operation

9.7.1.3 START Conversion (START)—Bit 13

The conversion processis started by amodification to the start bit. Thisisawrite only bit.
Once a start command is issued, the conversion process is synchronized and begun on the
positive edge of the ADC clock. A start bit re-started while the ADC isin a conversion
cycle, isignored. The ADC must beidlein order for it to recognize a new start-up.

e 1 = Start command is issued

« 0= No action

9.7.1.4 SYNC Select (SYNC)—Bit 12

A conversion can be began by the sync input or by awrite to the start bit. A sync pulse
asserted a new start-up. The PWM generates areload flag, discussed in Chapter 11, and
provided as an input to the quad timer module. The timer uses this flag as one of the timer
inputs (PWM sync input) used to genreate a sync pulse for the ADC module. Please refer
to Section 14.8.3.2.

» 1 =Use the sync input or start bit to initiate a conversion
« 0 = Conversion is initiated by a write to start bit only
9.7.1.5 End Of Scan Interrupt Enable (EOSIE)—DBiIt 11

This bit begins an interrupt to be generated upon completion of any scan and convert
sequence, except for loop sequential or loop simultaneous modes. This bit isignored when
the ADC is configured for either loop modes.

* 1 = Interrupt enabled
* 0 = Interrupt disabled
9.7.1.6 Zero Crossing Interrupt Enable (ZCIE)—BiIt 10

This bit starts the optional interrupt if the current result value has a sign change from the
previous result as configured by the ADZCC register.

e 1 = Interrupt enabled

e 0 = Interrupt disabled
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9.7.1.7 Low Limit Interrupt Enable (LLMTIE)—BIt 9

This bit enables the optional interrupt when the current result value is less than the low
limit register value. The raw result valueis compared to ADLLMT, the low limit register,
bits LLMT[11:0], before the offset register value is subtracted.

« 1 = Interrupt enabled

e 0 = Interrupt disabled

9.7.1.8 High Limit Interrupt Enable (HLMTIE)—Bit 8

This bit confirms the optional interrupt if the current result value is greater than the high
limit register value. The raw result valueis compared to ADHLMT, the high limit register,
bits HLMT[11:0], before the offset register value is subtracted.

« 1 = Interrupt enabled

e 0 = Interrupt disabled

9.7.1.9 Channel Configure (CHNCFGJ3:0])—Bits 7-4
The inputs can be configured for either single ended or differential.

« xxx1 = ANO-AN1 configured as differential input (ANO is + and AN1 is —)
« xxx0 = ANO-AN1 configured as single ended inputs

« xx1x = AN2—-AN3 configured as differential input (AN2 is + and AN3 is —)
*  xx0Ox = AN2—-AN3 configured as single input

* x1xx = AN4—-ANS5 configured as differential inputs (AN4 is + and AN5 is —)
*  x0xx = AN4—ANS5 configured as single ended inputs

* 1xxx = AN6—AN7 configured as differential inputs (AN6 is + and AN7 is —)
* Oxxx = AN6—AN7 configured as single ended inputs

» Scan mode (SMODE]J2:0])—Bits 2-0

A conversion sequence can be begun by asserting the ADCRL1 start bit, or by a sync pulse.
A conversion sequence can take up to eight unique samples. These eight sample slots are
supported by the ADSDIS register. A sample sequence is terminated when the first
disabled sample is encountered. Analog input channels are assigned to each of the eight
sample slots by the ADLST1 and ADLST2 registers. A conversion sequence can be run
through just once every time a trigger occurs, or it can loop continuously. Samples may be
taken one at a time, sequentially, or two at a time simultaneously.
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Note:

000 = OnCE sequential

Upon start or a first sync signal, samples are taken one at a time starting with
SAMPLEDO, until a first disabled sample is encountered. If no disabled sample is
encountered, conversion concludes after the SAMPLE7

001 = OnCE simultaneous

Upon start or a first sync signal, samples are taken two at a time, in the order:
SAMPLEO/4, SAMPLE1/5, SAMPLEZ2/6, and SAMPLE3/7. The sample sequence
will stop at SAMPLE3/7, or as soon as any disabled sample slot is encountered. For
example, if SAMPLEO or SAMPLE4 were disabled, no samples would be taken at
all.

In 000, 001 mode, provided a sampling sequence has completed, a start pulse
will always initiate another OnCE sequence, either sequential or simultaneous.
A sync pulse must be re-armed via another write to the ADCRL1 register in order
for a second sampling sequence to occur.

010 = Loop sequential

Upon start or a first sync pulse, samples are taken one at a time until a disabled
sample is encountered. The process repeats perpetually until the stop bit is set in
ADCRL1. For example, if samples zero, one, and five were enabled, the loop would
look like SAMPLEO, SAMPLE1, SAMPLEO, SAMPLE1, and so on. While a loop
mode is running, any additional start commands or sync pulses are ignored

011= Loop simultaneous

Like OnCE simultaneous, samples are taken two at a time. The loop restarts as soon
as a sample slot is encountered in either, or both, disabled samples. For example, of
enabled samples zero, four, one, five, and two, the loop would look like
SAMPLEOQ/4, SAMPLE1/5, SAMPLEOQ/4, and SAMPLE1/5, and so on. SAMPLEG6
was disabled, therefore, no data was taken in the SAMPLEZ2/6 slot

100 = Triggered sequential
A single sequential sampling begins with every recognized start command or sync
pulse. Samples are taken sequentially as described above

101 = Triggered simultaneous

A single simultaneous sampling begins with every recognized start command or
sync pulse. Samples are taken simultaneously as previously described. Re-affirmed
start bits and sync pulse presented during an active sample sequence are not
recognized until the ADC is in its idle state, that is CIP low

110 = Reserved use

111 = Reserved use

9-14
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9.7.2 ADC Control Register 2 (ADCR2)

ADC_BASE+$1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0 0 0 0 0 0 0
) DIV[3:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Figure 9-6. ADC Control Register 2 (ADCR2)
See Programmer Sheet, Appendix C, on page C-70

9.7.2.1 Reserved Bits—Bits 15—-4

These hits cannot be modified. They are read as zero.

9.7.2.2 Clock Divisor Select (DIV[3:0])—Bits 3—0

ADC_CLK can berun at aslower rate than the system clock. The divider circuit provides
aclock of period 2N of system clock where N=DIV[3:0]+1. A divisor must be chosen so
the ADC clock iswithin specified limits. For alPbus clock frequency of 40MHz and a
desired ADC_CLK frequency of 5MHz, a DIV[3:0] value of 3d isrequired.

9.7.3 ADC Zero Crossing Control Register (ADZCC)

The zero crossing control register provides the ability to monitor the selected channels and
determine the direction of zero crossing triggering the optional interrupt. Zero crossing
logic monitors only the sign change between current and previous sample. ZCEO monitors
the sample stored in ADRSLTO and ZCE7 monitors ADRSLT7. When the zero crossing is
disabled for a selected result register, sign changes are not monitored and updated in the
ADZCSTAT, but they are properly stored in the respective result register.

ADC_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write ZCE7[1:0] ZCES6[1:0] ZCE5[1:0] ZCE4[1:0] ZCE3[1:0] ZCE2[1:0] ZCE1[1:0] ZCEOQ[1:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-7. ADC Zero Crossing Control Register (ADZCC)
See Programmer Sheet, Appendix C, on page C-70

ZCEx—Zero crossing enabie
X represents the channel number used to enable or disable zero crossing.
* 00 = Zero crossing disabled
» 01 = Zero crossing enabled for positive to negative sign change
» 10 = Zero crossing enabled for negative to positive sign change

11 = Zero crossing enabled for any sign change
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9.7.4 ADC Channel List Registers (ADLST1 & ADLST?2)

The channél list register contains an ordered list of the channels to be converted when the
next scan isinitiated. If all samples are enabled, ADSDI S register, a sequential scan of
inputs proceeds in order of: SAMPLEQ through SAMPLE?. If one of the sequential
sampling modes is selected instead, the sampling order is SAMPLEO-SAMPLEA4,
SAMPLE1-SAMPLES5, SAMPLE2-SAMPLES, then SAMPLE3-SAMPLE?.

ADC_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write SAMPLE3[3:0] SAMPLE2[3:0] SAMPLE1[3:0] SAMPLEOQ[3:0]
Reset 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0

Figure 9-8. ADC Channel List Register 1 (ADLST1)
See Programmer Sheet, Appendix C, on page C-71

SAMPLEX[3]—Reserved, where x is the sample number, zero—seven.

SAMPLEX[2:0]—Channel select, where x is the sample number, zero—seven. This is a
binary representation of the analog input to be converted.

ADC_BASE+$4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write SAMPLE7[3:0] SAMPLESG[3:0] SAMPLE5[3:0] SAMPLE4[3:0]
Reset 0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0

Figure 9-9. ADC Channel List Register 2 (ADLST?2)
See Programmer Sheet, Appendix C, on page C-71

Table 9-1. ADC Input Conversion for Sample Bits

SAMPLEX[2:0] Single Ended Differential
000 ANO ANO+, AN1-
001 AN1 ANO+, AN1-
010 AN2 AN2+, AN3—
011 AN3 AN2+, AN3—
100 AN4 AN4+, AN5—
101 ANS AN4+, AN5—
110 ANG AN6+, AN7—
111 AN7 ANG+, AN7—
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In any of the sequential sampling modes there are no restrictions on assigning an analog
channel, ANO—AN7, to a sample. Any sample slot may contain any channel assignment.

In simultaneous modeany sample slot may contain any channel with one exception. That
exception is: for any sample pair, each sample slot of the pair must contain a unique
analog channel assignment. See OnCE simultaneous for a description of sample pairs. For
example, if program SAMPLEO with 000, ANO is elected, then SAMPLE4 may contain

any code except 000.

When channels are configured as differential inputs, there are further restrictions. First,

like the simultaneous restriction, each member of a sampling pair must be unique. A

second SAMPLEO through SAMPLE3 may only contain analog channel assignments in

the range 000-011, and SAMPLE4 through SAMPLE7 may only contain analog channen
assignments in the range 100-111.

No damage will occur to the ADC if these restrictions are violated; however, measurement
results are undefined.

Analog Core
AN O
12-bit

AN 1

—t
AN 2

Analog .

AN 3 MUX Digital Core
AN 4 12-bit
AN 5 ——
AN 6
AN 7

Figure 9-10. ADC Core

9.7.5 ADC Sample Disable Register (ADSDIS)

This register is an extension to the ADLST1and 2, providing the ability to enable only the
desired samples programmed in the SAMPLEO-SAMPLE7. When power is on default all
samples are enabled. For example, if in sequential mode and DS5 is set to one, SAMPLEO
through SAMPLE4 are sampled. However, if simultaneous mode is selected and DS5 or
DS1 is set to one, only SAMPLEO and SAMPLE4 are sampled.
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ADC_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
Write TEST[1:0] DS7 | DS6 | DS5 | DS4 | DS3 | DS2 | DS1 | DSO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-11. ADC Sample Disable Register
See Programmer Sheet, Appendix C, on page C-72

9.7.5.1 Test (TEST[1:0])—Bits 15-14
The ADC core has a built-in test mode allowing the V z-/2 to be applied to ANO and AN4.

« 00 = Normal mode
* 01 =Test mode, M.:/2 applied to ANO and AN4
e 10 = Reserved

e 11 = Reserved

9.7.5.2 Reserved Bits—Bits 13—-8

These bits cannot be modified nor can they be read.

9.7.5.3 Disable Sample (DS[7:0])—Bits 7-0
The respective SAMPLEX can be enabled or disabled where x = 0-7.

« 1 = Disable SAMPLEXx
« 0= Enable SAMPLEXx

Note: When TEST][1:0] is configured for test modeVis applied to ANO and AN4
between the analog muxing and the ADC core. Only ANO and AN4 will have
valid results, so only ANO and AN4 should be sampled.

9.7.6 ADC Status Register (ADSTAT)

This register provides the current status of the ADC module. RDYx bits are cleared by
reading their corresponding result registers (ADRSLTx). HLMTI and LLMTI bits are
cleared by quitting all asserted bits in the limit status register, ADLSTAT. Likewise, the
ZCl bit, bit-11, is cleared only if the bit is set and a one is written to it. The ZCI, LLMTI,
and HLMT!I bits can only be cleared by clearing all asserted bits in the zero crossing status
register (ADZCSTST). The EOSI bit is cleared by writing a one to it, that is, a write of
$0800 to ADSTAT will clear the EOSI bit. ADSTAT bits are sticky. Once set to a one
state, they require some specific action to clear them. They are not cleared automatically
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on the next scan sequence. They are cleared by writing a one to the bit desired to be
cleared. Thishbit cannot be set by software.

ADC_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read ClIPl0|0]| O EOSI ZCI|LLMTI| HLMT | RDY7 | RDY6 | RDY5| RDY4| RDY3 | RDY2| RDY1|RDYO
Write
Reset 0O 0O 0 o 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-12. ADC Status Register (ADSTAT)
See Programmer Sheet, Appendix C, on page C-73

9.7.6.1 Conversion in Progress (CIP)—Bit 15
This bit indicates whether a scan isin progress.

« 1 =Ascan cycleis in progress. The ADC will ignore all sync pulses or start
commands

¢ 0O =Idle state

9.7.6.2 Reserved Bits—Bits 14-12

These reserved bits cannot be modified. They are read as zero.

9.7.6.3 End of Scan Interrupt (EOSI)—BIt 11

This bit indicates whether a scan of analog inputs have been completed since the last read
of the status register or since areset. The EOSI bit is cleared by writing aoneto it. This bit
cannot be set by software.

* 1= Ascan cycle has been completed, end of scan IRQ pending

* 0= A scan cycle has not been completed, no end of scan IRQ pending

9.7.6.4 Zero Crossing Interrupt (ZCI)—Bit 10

If the respective offset register is begun by having a value greater than 0000h, zero
crossing checking is enabled. If the offset register is programmed with 7FF8h, the result
will always be less than or equal to zero. On the other hand, if 0000h is programmed into
the offset register, the result will always be greater than or equal to zero, and no zero
crossing can occur because the sign of the result will not change.

* 1 = Zero crossing encountered, IRQ pending if ZCIE is set

e 0=NoZCIIRQ
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9.7.6.5 Low Limit Interrupt (LLMTI)—BIit 9

If the respective low limit register is enabled by having avalue other than 0000h, low limit
checking is enabled.

1 =Low limit exceeded, IRQ pending if LLMTIE is set
* 0=No low limit IRQ

9.7.6.6 High Limit Interrupt (HLMTI)—Bit 8

« If the respective high limit register is enabled by having a value other than 7FF8h,
high limit checking is enabled

* 1 = High limit exceeded, IRQ pending if HLMTIE is set
e 0= No high limit IRQ

9.7.6.7 Ready Channel 7-0 (RDY[7:0])—Bits 7-0

» These bits indicate channels seven through zero are ready to be read. These bits are
cleared after a read from the respective results register.

e 1 = Channel ready to be read
* 0= Channel not ready or has been read

EOSI —
ADC_DONE

EOSIE —

ZCl —

B,

ADC_IRQ

LLMTI —

LLMTIE —

HLMTI —

HLMTIE —
Figure 9-13. ADC Interrupt

9.7.7 ADC Limit Status Register (ADLSTAT)

The limit status register latches in the result of the comparison between the result of the
sample and the respective limit register, ADHLMTO-7and ADLLMTO-7. Here is an

example. If the result for the channel programmed in SAMPLEDQO is greater than the value
programmed into the high limit register zero, then the HLSO bit is set to one. An interrupt
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Isgenerated if the HLMTIE bit isset in ADCRL1. A bit may only be cleared by writing a
value of one to that specific bit. These bits are sticky. Once set, the bits require a specific
modification to clear them. They are not cleared automatically by subsequent conversions.

ADC_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write HLS7 | HLS6| HLS5| HLS4 | HLS3| HLS2| HLS1| HLSO| LLS7 | LLS6 | LLS5| LLS4| LLS3 | LLS2| LLS1|LLSO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-14. ADC Limit Status Register (ADLSTAT)
See Programmer Sheet, Appendix C, on page C-74

9.7.8 ADC Zero Crossing Status Register (ADZCSTAT)

The zero crossing status register latches in the result of the comparison between the
current result of the sample and the previous result of the same sample register. For
example, if the result for the channel programmed in SAMPLEO changes sign from the
previous conversion and the respective ZCE bit in register ADZCC is set to 11b, any edge
change, then the ZCS0 bit is set to one. An interrupt is generated if the ZCIE bitissetin
ADCRL. A hit can only be cleared by writing avalue of oneto that specific bit. These bits
are sticky. Once set, they require awrite to clear them. They are not cleared automatically
by subsequent conversions.

ADC_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0 0 0 0
Write ZCS7|ZCS6|ZCS5|ZCS4| ZCS3 | ZCS2|ZCS1|ZCSO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-15. ADC Zero Crossing Status Register (ADZCSTAT)
See Programmer Sheet, Appendix C, on page C-75

9.7.8.1 Reserved Bits—Bits 15-8

These reserved bits may not be modified. They are read as zero.

9.7.8.2 Zero Crossing Status (ZCS[7:0])—Bits 7-0

* 0= A sign change did not occur in a comparison between the current channel x

result and the previous channelx result, or

Zero crossing control is disabled for channelx in the zero crossing control reg-

ister, ADZCC

* 1 =1In acomparison between the current channelx result and the previous channelx
result, a sign change condition occurred as defined in the zero crossing control

register (ADZCC)

Note: To clear a specific ZCS[7:0] bit, write a value of one to that specific bit.
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9.7.9 ADC Result Registers (ADRSLTO0-7)

The eight result registers contain the converted results from a scan. The SAMPLEOQ result
isloaded into ADRSLTO, SAMPLE1 result in ADRSLT1, and so on. In asimultaneous
scan mode, the first channel pair designated by SAMPLEO and SAMPLE4 in register
ADLST1 are stored in ADRSLTO and ADRSL T4, respectively.

ADC Result Register 0—Address: ADC_BASE + $9
ADC Result Register 1—Address: ADC_BASE + $A
ADC Result Register 2—Address: ADC_BASE + $B
ADC Result Register 3—Address: ADC_BASE + $C
ADC Result Register 4—Address: ADC_BASE + $D
ADC Result Register 5—Address: ADC_BASE + $E
ADC Result Register 6—Address: ADC_BASE + $F
ADC Result Register 7—Address: ADC_BASE + $10

ADC_BASE+$9-10 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 0 0
. SEXT RSLT[11:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-16. ADC Result Registers (ADRSLTO0-7)
See Programmer Sheet, Appendix C, on page C-76

9.7.9.1 Sign Extend (SEXT)—Bit 15

SEXT isthe sign-extend bit of the result. SEXT set to one implies a negative result, zero,
apositive one. If positive results are required, then the respective offset register must be
set to avalue of zero.

9.7.9.2 Digital Result of the Conversion (RSLT[11:0])—Bits 14-3

ADRSLT can be interpreted as either asigned integer or asigned fractional number. Asa
signed fractional number, the ADRSLT can be used directly. As asigned integer, it isan
option to right shift with sign extend (ASR) three places and interpret the number, or
accept the number as presented, knowing there are missing codes. The lower three bits are
always going to be zero.

Negative results, SEXT = 1, are always presented in two’s compliment format. If it is a
requirement of your application the result registers always be positive, the offset registers
must always be set to zero.

The interpretation of the numbers programmed into the limit and offset registers,
ADLLMT, ADHLMT, and ADOFS should match your interpretation of the result register.
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9.7.9.3 Reserved Bits—Bits 2-0
These reserved bits cannot be modified. They are read as zero.

Each resulting register may only be modified when the ADC isin stop mode, that is the
stop bit is set to one. Thiswrite operation istreated asif it came from the ADC analog
core; therefore, the limit checking, zero crossing, and the offset registers function asif in
normal mode. For example, if the stop bit is set to one and the processor writesto
ADRSLTS, the data written to the ADRSLT5 is muxed to the digital core, processed, and
stored into ADRSLT5S asif the analog core had provided the data. This test data must be
justified, asillustrated by the ADRSLT register definition.

End of Scan
— ADHLMT
IRQ
. Logic | IRQ
12-bit
—#———Test Data — > ADLLMT
(from CPU)
w Zero Crossing Logic
12-bit v
7 T - ADRSLT
ADC 12-hit
Analog A
Core -
ADOFS
ADCR1
STOP bit=1

Figure 9-17. Result Register Data Manipulation

The result value sign is determined from the ADC unsigned result minus the respective

offset register value. If the offset register is programmed with a value of zero, the result

register value isunsigned and equal s the cyclic converter unsigned result. The range of the

result (ADRSLT) is $F001-$7FF8. If the offset register (ADOFS) is set to all zeros, then
the range is $F001-$7FF8. This is equal to the raw value of the ADC core.
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9.7.10 ADC Low and High Limit Registers (ADLLMTO0-7) and

(ADHLMTO0-7)

Thelimit registers are programmed with the value the result is compared against. The high
limit register is used for the comparison of Result < Low Limit. The low limit register is
used for the comparison disabled by programming the respective limit register with $7FFh
for the high limit and 0000 for the low limit. The power-up default is limit checking

disabled.

ADC_BASE+$11-18 15

ADC Low Limit Register 0—Address:
ADC Low Limit Register 1—Address:
ADC Low Limit Register 2—Address:
ADC Low Limit Register 3—Address:
ADC Low Limit Register 4—Address:
ADC Low Limit Register 5—Address:
ADC Low Limit Register 6—Address:
ADC Low Limit Register 7—Address:

14 13 12 11 10 9 8

ADC_BASE + $11
ADC_BASE + $12
ADC_BASE + $13
ADC_BASE + $14
ADC_BASE + $15
ADC_BASE + $16
ADC_BASE + $17

ADC_BASE + $18.

7 6 5 4

Read 0

Write

LLMT[11:0]

Reset 0

ADC_BASE+$19-20 15

0

0 0 0 0 0 0

0 0 0 0

0

Figure 9-18. ADC Low Limit Register (ADLLMTO0-7)
See Programmer Sheet, Appendix C, on page C-77

ADC High Limit Register 0—Address:
ADC High Limit Register 1—Address:
ADC High Limit Register 2—Address:
ADC High Limit Register 3—Address:
ADC High Limit Register 4—Address:
ADC High Limit Register 5—Address:
ADC High Limit Register 6—Address:
ADC High Limit Register 7—Address:

14 13 12 11 10 9 8

ADC_BASE + $19
ADC_BASE + $1A
ADC_BASE + $1B
ADC_BASE + $1C
ADC_BASE + $1D
ADC_BASE + $1E
ADC_BASE + $1F
ADC_BASE + $20

7 6 5 4

Read 0

Write

HLMT[11:0]

Reset 0

Figure 9-19. ADC High Limit Register (ADHLMTO0—7)

1

1 1 1 1 1 1

1 1 1 1

See Programmer Sheet, Appendix C, on page C-77

1

2 1 0
0 0 0
0 0 0
2 1 0
0 0 0
0 0 0
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9.7.11 ADC Offset Registers (ADOFS0-7)

Value of the offset register is used to correct the ADC result beforeiit is stored in the
ADRSLT registers.

ADC Offset Register 0—Address: ADC_BASE + $21
ADC Offset Register 1—Address: ADC_BASE + $22
ADC Offset Register 2—Address: ADC_BASE + $23
ADC Offset Register 3—Address: ADC_BASE + $24
ADC Offset Register 4—Address: ADC_BASE + $25
ADC Offset Register 5—Address: ADC_BASE + $26
ADC Offset Register 6—Address: ADC_BASE + $27
ADC Offset Register 7—Address: ADC BASE +$2 8

ADC_BASE+$21-28 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Read 0 0 0 0
. OFFSET[11:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-20. ADC Offset Registers (ADOFS0-7)
See Programmer Sheet, Appendix C, on page C-78

The offset valueis subtracted from the ADC result. In order to obtain unsigned results, the
respective offset register should be programmed with a value of $0000, thus giving a
result range of $0000 to $7FFS8.

9.8 Starting a Conversion if Status of ADC is Unknown

The ADC module is unique because it can be considered to run asynchronously with the
rest of the chip. Further, its function is pipelined, greatly improving throughput but
complicating its control slightly.

In normal operating scenarios, the controlling software will be fully aware of the status of
the ADC. If, however, software design is a conversion and may be started when the ADC
state is not known, then consider the following guideline.

Setting the start bit in the ADCR1 does not really set abit. Instead, it generates an internal
start pulse beginning the conversion process on the first available rising edge of the ADC
clock. Setting the start bit a second time immediately after the first start may not generate
asecond start pulse. If there is any chance software routines may be asserting start without
waiting or knowing a previous conversion has completed, then write to the stop bit of
ADCRL1. Secondly, write to the start bit. Writing to stop ensures an active conversion
sequence is halted, and the ADC is brought back to itsidle condition. Onceinitsidle
condition, writing to the start bit is assured to be recognized.
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Pin Descriptions

10.1 Introduction

Each quadrature decoder module has four input signals and circuitry called the switch
matrix. Each has three modes. It provides a means to share input pins with an associated
time module.

Quadrature decoder refers to the module on the DSP56F801/803/805/807 and an external
device mounted on a motor shaft.

The DSP56F801 does not have a quadrature decoder
The DSP56F803 has one quadrature decoder
The DSP56F805/807 have two quadrature decoders

On the DSP56F801/803/805/807, the quad timer modules A and B share pins with
quadrature decoder modules number zero and number one. If the shared pins are not
configured as timer outputs, then the pins are available for use as inputs to the quadrature
decoder modules. Each quadrature decoder module has four input signals: PHASEA,
PHASEB, INDEX, and HOME.

10.2 Features
* Includes logic to decode quadrature signals
» Configurable digital filter for inputs
» 32-bit position counter
» 16-bit position difference register
* Maximum count frequency equals the peripheral clock rate
» Position counter can be initialized by SW or external events
* Preloadable 16-bit revolution counter

* Inputs can be connected to a general purpose timer to aid low speed velocity
measurements

* Quadrature decoder filter can be bypassed
* A watchdog timer to detect a non-rotating shaft condition

10.3 Pin Descriptions

With the DSP56F803, input pins are labeled PHASEAO, PHASEBO, INDEXO and
HOMEO. On the DSP56F805/807, they are PHASEAO, PHASEBO, INDEXO, HOMEDO,
PHASEA1, PHASEB1, INDEX1 and HOMEL.
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10.3.1 Phase A Input (PHASEA)

The PHASEA input can be connected to one of the phases from a two-phase shaft
guadrature encoder output. It is used by the quadrature decoder module in conjunction
with the PHASEB input to indicate a decoder increment has passed, and to calculate its
direction. PHASEA isthe leading phase for a shaft rotating in the positive direction.
PHASEA isthe trailing phase for a shaft rotating in the negative direction. It can aso be
used as the single input when the quadrature decoder module is used as a single phase
pulse accumul ator.

The PHASEA input is also an input capture channel for one of the timer modules. The
exact connection to the timer module is specified in Table 10-1.

10.3.2 Phase B Input (PHASEB)

The PHASEB input is used as one of the phases from atwo phase shaft quadrature
encoder output. It is used by the quadrature decoder module in conjunction with the
PHASEA input indicating a decoder increment has passed, and to calculate its direction.
PHASEB isthe trailing phase for a shaft rotating in the positive direction. PHASEB isthe
leading phase for a shaft rotating in the negative direction.

The PHASEB input is also an input capture channel for one of the timer modules. The
exact connection to the timer module is specified in Table 10-1.

10.3.3 Index Input (INDEX)

Normally connected to the index pulse output of a quadrature encoder, this pulse can
optionally reset the position counter and the pulse accumulator of the quadrature decoder
module. It also causes a change of state on the revolution counter. The direction of this
change, increment or decrement, is calculated from the PHASEA and PHASEB inputs.

The INDEX input is aso an input capture channel for one of the timer modules. The exact
connection to the timer module is specified in Table 10-1.

10.3.4 Home Switch Input (HOME)

The HOME input can be used by the quadrature decoder and the timer module. Thisinput
can be used to trigger the initialization of the position counters (UPOS and L POS). Often
thissignal is connected to a sensor signaling the motor or machine notifying it has reached
adefined home position. Thisgeneral purpose signal isalso connected to the timer module
as specified in Table 10-1.
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10.4 Register Summary
Each DSP56F803/805/807 quadrature decoder module has the following registers:

» Decoder control register (DECCR)

» Filter interval register (FIR)

« Watchdog time-out register (WTR)

» Position difference counter register (POSD)
» Position difference hold register (POSDH)

» Revolution counter register (REV)

* Revolution hold register (REVH)

» Upper position counter register (UPOS)

* Lower position counter register (LPOS)

» Upper position hold register (UPOSH)
* Lower position hold register (LPOSH)
» Upper initialization register (UIR)

» Lower initialization register (LIR)

* Input monitor register (IMR)

» Testregister (TSTREG)

10.5 Functional Description

A timing diagram illustrating the basic operation of a quadrature incremental position
quadrature decoder is illustratedrigur e 10-1.

PHASEA

PHASEB

COUNT

UP/DN \

Figure 10-1. Quadrature Decoder Signals
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10.5.1 Positive versus Negative Direction
A typical quadrature encoder has three outputs:

1. PHASEA signal
2. PHASEB signd
3. INDEX pulse, not shown.

If PHASEA leads PHASEB then motion isin the positive direction. If PHASEA lags

PHASEB, then the motion isin the negative direction. Transitions on these phases can be
integrated to yield position, or differentiated to yield velocity. The DSP56F803/805/807’s
guadrature decoder is designed to perform these functions in hardware.

10.5.2 Block Diagram

A block diagram of the quadrature decoder module is showigure 10-2.

CNT
UP/DN —® WATCHDOG

> TIMER

EDGE | *
DETECT Y vy POvSITION
PHASEA_ g STATE REV posiTioN || SO2TION
MACHINE | | COUNTER || COUNTER || COUNTER
PHASEB B GLITCH A A A
INDEX P~ CILTER
HOME L
DELAY
L <
| e SWITCH [ TIMER
L | MATRIX | g |INPUT CAPTURE
>

P> CHANNELS

Figure 10-2. Quadrature Decoder Block Diagram

10.5.2.1 Glitch Filter

Because the logic of the quadrature decoder must sense transitions, the inputs are first run
through a glitch filter. This filter has a digital delay line sampling four time points on the
signal and verifying a majority of the samples are at a new state before outputting this new
state to the internal logic. The sample rate of this delay line is programmable to adapt to a
variety of signal bandwidths.
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10.5.2.2 Edge Detect State Machine

The edge detect state machine looks for changesin the four possible states of the filtered
PHASEA and PHASEB inputs, calculating the direction of motion. Thisinformation is
formatted as Count_Up and Count_Down signals. These signals are routed into up to three
up/down counters:

1. Position counter.
2. Revolution counter.
3. Position difference counter.

10.5.2.3 Position Counter

The 32-bit position counter calculates up or down on every count pulse, generated by the
difference of PHASEA and PHASEB. This counter acts as an integrator, whose count
value is proportional to position. The direction of the count is determined by the count up
and count down signals. Position counters may be initialized to a predetermined value by
one of three different methods:

1. Software-triggered event.
2. INDEX signal transition.
3. HOME signal transition.

The INDEX and HOME signals can be programmed to interrupt the processor. Whenever
the position counter is read, either UPOS or LPOS, a snapshot of the position counter, the
position difference counter, and the revolution counters are each placed into their
respective hold registers. The direction of the count is determined by Count_Up and
Count_Down signals.

10.5.2.4 Position Difference Counter

The 16-bit position difference counter contains the position difference value occurring
between each read of the position register. This register counts up or down on every count
pulse. The counter acts as a differentiator whose count value is proportional to the change
in position since the last time the position counter was read. When the position register is
read, the position difference of the counter’s contents are copied into the position
difference hold register (POSDH) and position difference counter is cleared.

10.5.2.5 Position Difference Counter Hold

This register stores a copy of the position difference counter at the time the position
register was read. When the position register is read, the position difference of the
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counter’s contents are copied into the position difference hold register (POSDH) and
position difference counter is cleared.

10.5.2.6 Revolution Counter

The 16-bit up/down revolution counter is intended to count, or integrate revolutions. This
is done by counting index pulses. The direction of the count is determined by the
Count_Up and Count_Down signals, determined by Phase A & B inputs. If the direction
of the count is different on the rising and falling edges of the index pulse, it indicates the
guadrature encoder changed direction on the index pulse.

10.5.2.7 Pulse Accumulator Functionality

The logic can be programmed to integrate only selected transitions of the PHASEA signal.
In this way the position counter is used as a pulse accumulator. The count direction is up.
The pulse accumulator can also optionally be initialized by the INDEX input.

10.5.2.8 Watchdog Timer

A watchdog timer is included. It ensures the algorithm is indicating motion in the shaft.
Two successive counts indicate proper operation and will reset the timer. Time-out value
is programmable. When a time-out occurs, an interrupt to the processor can be generated.

10.5.3 Prescaler for Slow or Fast Speed Measurement

For a fast moving shaft encoder, the speed can be computed by calculating the change in
the position counter per unit time, or by reading the position difference counter register
(POSD) and calculating speed. For applications with slow motor speeds and low line
count quadrature encoders, high resolution velocity measurements can be made with the
timer module by measuring the time period between quadrature phases. The timer module
uses a 16-bit free running counter operate from a prescaled version of the IPbus clock. The
prescaler divides the IPbus clock by values ranging from one to 64. A 40MHz IPbus clock
frequency would yield a resolution of from 25ns touk.6and a maximum count period of

from 1.62ms to 102ms. For example, with a 1000 tooth decoder, speeds could be
calculated down to 0.15 rpm using a prescaler.
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10.5.4 Modes
Table 10-1. Switch Matrix for Inputs to the TImer
PHASEA | fiicreg | PHASEB | TRICy | INDEX | fiicreg | HOME | ficre
ModeO timer0 timerl timer2 timer3
Model timer0 timerl timer2 timer3
Mode2 timer0,1 timer2,3
Mode3 RESERVED

The PHASEA and PHASEB inputs are routed through a switch matrix to a general
purpose timer module. The possible connections of the switch matrix are shownin

Table 10-1. In mode zero, the timer module can use al four available inputs as normal
timer input capture channels. This does not preclude use of the quadrature decoder, but
normally it would not be used in this mode. M odes one and zero are similar, but mode one
takes advantage of the digital filter incorporated in the quadrature decoder. Mode two is
the mode most likely to be used in conjunction with operation of the quadrature decoder.
Both the positive and negative edges of PHASEA and PHASEB can be captured in mode
two. The full speed range measurement is able to be reached in this mode.

10.6 Holding Registers and Initializing Registers
Hold registers are associated with three counters:

1. Position.
2. Position difference.
3. Revolution.

When counter registers are read, a contents copy of the counter register is written to the
corresponding hold register. Taking a snapshot of the counters’ values provides a
consistent view of a system position and a velocity to be attained.

The counter and the hold registers are read/write capable. Howewarge of writing
values into any hold register and then reading any counter. The results? The hold register
contents will be overwritten with the values in the counters.

The position counter is 32 bits wide. Assuring it can be reliably initialized with two 16-bit
accesses, two registers, an upper and a lower initialization register, are provided. The
upper initialization register (UIR) and lower initialization register (LIR) should be

modified with the desired value. Next, the position counter can be loaded by writing one to
the SWIP bit in the decoder control register (DECCR). Alternatively, either the XIP or the
HIP bits in the DECCR can enable the position counter to be initialized in response to a
HOME or INDEX signal transition.
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10.7 Register Definitions

The address of aregister is the sum of a base address and an address offset. The base
addressis defined at the MCU level, while the address offset is defined at the module level
Please refer to Table 3-11. All memory locations base and offsets are given in hex.

Each of the following set of registers are used for each quadrature decoder module. For
example, if there are two quadrature decoders on the chip, there are two decoder control
registers: DECO_DECCR at data memory location DECO_BASE+$0 and DEC1_DECCR
at data memory location DEC1_BASE+$0.

10.7.1 Decoder Control Register (DECCR)

DEC_BASE+$0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-3. Decoder Control Register (DECCR)
See Programmer Sheet Appendix C, on page C-80

HIRQ| HIE | HIP | HNE [ SWIP| REV | PH1 | XIRQ| XIE | XIP | XNE |DIRQ| DIE | WDE| MODE[1:0]

10.7.1.1 HOME Signal Transition Interrupt Request (HIRQ)—Bit 15

Thisbit is set when a HOME interrupt occurs. It will remain set until it is cleared by
software. Write aone to this bit to clear.

1 =HOME signal interrupt request

e 0= No interrupt
10.7.1.2 HOME Interrupt Enable (HIE)—Bit 14
This read/write bit enables HOME signal interrupts.

* 1 = Enable HOME interrupts
* 0 = Disable HOME interrupts

10.7.1.3 Enable HOME to Initialize Position Counters UPOS and
LPOS (HIP)—Bit 13

This read/write bit allows the position counter to be initialized by the HOME signal.

* 1 = Enable HOME signal
* 0= No action
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10.7.1.4 Use Negative Edge of HOME Input (HNE)—BIt 12

This read/write bit determines whether to use the positive or negative edge of the HOME
Input.

« 1 =Use negative going edge-to-trigger initialization of position counters UPOS and
LPOS

* 0= Use positive going edge-to-trigger initialization of position counters UPOS and
LPOS

10.7.1.5 Software Triggered Initialization of Position Counters UPOS and
LPOS (SWIP)—BIt 11

Writing aone to this bit will transfer the UIR and LIR contents to ENPOS. Thisbit is
awaysread as a zero.

« 1 = Initialize position counter

e 0= No action

10.7.1.6 Enable Reverse Direction Counting (REV)—Bit 10

This read/write bit reverses the interpretation of the quadrature signal, changing the
direction of count.

« 1 =Countin the reverse direction
¢ 0= Count normally

10.7.1.7 Enable Signal Phase Count Mode (PH1)—Bit 9
This read/write bit bypasses the quadrature decoder logic.

« 1 = Bypass the quadrature decoder. A positive transition of the PHASEA input
generates a count signal. The PHASEB input and the REV bit control the counter
direction

— IF REV =0, PHASEB = 0, then count up
— IF REV =0, PHASEB = 1, then count down
— IF REV =1, PHASEB = 0, then count down
— IF REV =1, PHASEB =1, then count up

e 0 = Use standard quadrature decoder where PHASEA and PHASEB represent a
two phase quadrature signal
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10.7.1.8 Index Pulse Interrupt Request (XIRQ)—Bit 8

This bit is set when an index interrupt occurs. It will remain set until cleared by software.
The clearing procedure isto write aoneto this bit.

* 1 =Index pulse interrupt has occurred
* 0 = No interrupt has occurred

10.7.1.9 Index Pulse Interrupt Enable (XIE)—Bit 7
This read/write bit enables index interrupts.

* 1= Index pulse interrupt is enabled
* 0= Index pulse interrupt is disabled

10.7.1.10 Index Triggered Initialization of Position Counters UPOS and
LPOS (XIP)—Bit 6

This read/write bit enables the position counter to beinitialized by the INDEX pulse.
1 =INDEX pulse initializes the position counter
* 0= No action

10.7.1.11 Use Negative Edge of Index Pulse (XNE)—BiIt 5

This read/write bit determines the edge of the index pulse used to initialize the position
counter.

» 1 =Use negative transition edge of INDEX pulse
* 0 = Use positive transition edge of INDEX pulse

10.7.1.12 Watchdog Timeout Interrupt Request (DIRQ)—-Bit 4

This bit is set when a watchdog time-out interrupt occurs. It will remain set until cleared
by software. Write aoneto this bit to clear.

* 1 =Watchdog timeout interrupt has occurred
* 0= No interrupt has occurred

10.7.1.13 Watchdog Timeout Interrupt Enable (DIE)—Bit 3

This read/write bit enables watch time-out interrupts.

* 1 =Watchdog timer interrupt is enabled
* 0 =Watchdog timer interrupt is disabled
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10.7.1.14 Watchdog Enable (WDE)—Bit 2

This bit allows operation of the watchdog timer monitoring the PHASEA and PHASEB
inputs for motor movement.

« 1 =Watchdog timer is enabled

¢ 0 = Watchdog timer is disabled

10.7.1.15 Switch Matrix Mode (MODE[1:0])—Bits 1-0

These read/write bits selects the switch matrix mode connecting inputs to the timer
module. The modes areillustrated in Table 10-1.
e 00 = ModeO: Input captures connected to the four input pins
* 01 = Model: Input captures connected to the filtered versions of the four input pins

10 = Mode2: PHASEA input connected to both channels zero and one of the timer
to allow capture of both rising and falling edges; PHASEB input connected to botH i)
channels 2 and 3 of the timer

e 11 = Mode3: Reserved

10.7.2 Filter Interval Register (FIR)

This register sets the sample rate of the digital glitch filter. A counter increases or
decreases to the value in the FIR. When the count reaches the specified value, the counter
is reset and the filter takes a new sample of the raw PHASEA, PHASEB, INDEX, and
HOME input signals. If the filter interval value is zero, the digital filter for the PHASEA,
PHASEB, INDEX, and HOME inputs is bypassed.

Bypassing the digital filter enables the position/position difference counters to operate
with count rates up to the IPbus frequency (40MHZz).

DEC_BASE+$1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0
. DELAY[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-4. Filter Delay Register (FIR)
See Programmer Sheet Appendix C, on page C-81

The value of DELAY[7:0] plus one represents the filter interval period in increments of
the IPbus clock period, 25ns for a 40MHz IPbus clock. Therefore, a value of one
represents a filter interval of 50ns.

The filter interval register works as follows: drive the quadrature decoder inputs,
PHASEA, PHASEB, INDEX, and HOME monitoring the output in the input monitor
register (IMR). Determine how many IPbus clock cycles it takes before the output shows
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up, by using the following equations, where f is the number loaded in the FIR and sisthe
number of samples needed. s= 4 for this example.

(1) DELAY (IPbus clock cycles) = (f +1) x s+1 (to read the filtered output)
(2) DELAY (IPbus clock cycles) = (f +1) x s +2 (to monitor the output in the IMR)

One more additional 1Pbus clock cycle is needed to read the filtered output and two more
I Pbus clock cyclesto monitor thefiltered output in the IMR. A oneisadded to f to account
for the interval timer in the filter starting its counting from zero. The samplerateis set
when it reaches the number f.

For example: 1), when f = 0, then thefilter isbypassed and sis zero becausethereis
no sampling. Therefore, DELAY = 1 or 2 clock cycles according to the equations
above.

For example: 2), when f =5, then DELAY = (5+1) x 4 + (1 or 2) = 25 or 26 clock
cycles.

10.7.3 Watchdog Time-out Register (WTR)

Thisregister stores the time-out count for the quadrature decoder module watchdog timer.
Thistimer is separate from the watchdog timer in the clock module.

DEC_BASE+$2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. CNTI[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-5. Watchdog Time-out Register (WTR)
See Programmer Sheet Appendix C, on page C-81

CNT[15:0] isabinary representation of the number of clock cycles plus one the watchdog
timer will count before timing out and optionally generating an interrupt. Thisisa
read/write register.

10.7.4 Position Difference Counter Register (POSD)

This register contains the position change in value occurring between each read of the
position register. The value of the position difference counter register (POSD) can be used
to calculate velocity. Thisis aread/write register.

The 16-bit position difference counter computes up or down on every count pulse. This
counter acts as a differentiator whose count value is proportional to the change in position
since the last time the position counter was read. When the position register isread, the
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position difference counter’s contents are copied into the position difference hold register
(POSDH) and position difference counter is cleared.

DEC_BASE+$3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
) POSD[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-6. Position Difference Counter Register (POSD)
See Programmer Sheet Appendix C, on page C-82

10.7.5 Position Difference Hold Register (POSDH)

This register contains a snapshot of the change in position value occurring between each
read of the position register by storing a copy of the position difference counter at the time
the position register is read. When the position register is read, the position difference
counter’s contents are copied into the position difference hold register (POSDH) and
position difference counter is cleared. The value of the position difference hold register
(POSDH) can be used to calculate velocity. This is a read/write register.

DEC_BASE+$4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
) POSDHI[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-7. Position Difference Hold Register (POSDH)
See Programmer Sheet Appendix C, on page C-82

10.7.6 Revolution Counter Register (REV)

This register contains the current value of the revolution counter. This is a read/write
register.

DEC_BASE+$5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. REV[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-8. Revolution Counter Register (REV)
See Programmer Sheet Appendix C, on page C-83
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10.7.7 Revolution Hold Register (REVH)

Thisregister contains a snapshot of the value of the revolution counter. Thisisaread/write

register.
DEC_BASE+$6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. REV[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-9. Revolution Hold Register (REVH)
See Programmer Sheet Appendix C, on page C-84

10.7.8 Upper Position Counter Register (UPOS)

Thisregister contains the upper and most significant half of the position counter. Thisis
the binary count from the position counter. It is a read/write register.

DEC_BASE+$7 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. POS[31:16]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-10. Upper Position Counter Register (UPOS)
See Programmer Sheet Appendix C, on page C-84

10.7.9 Lower Position Counter Register (LPOS)

This register contains the lower and least significant half of the current value of the
position counter. It isthe binary count from the position counter. Thisis aread/write

register.
DEC_BASE+$8 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. POS[15:0]
Write
Figure 10-11. Lower Position Counter Register (LPOS)
See Programmer Sheet Appendix C, on page C-84
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10.7.10 Upper Position Hold Register (UPOSH)

Thisregister contains a snapshot of the upper and most significant half of the position
counter. It isthe binary count from the position counter. The register is read/write.

DEC_BASE+$9 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. POS[31:16]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-12. Upper Position Counter Register (UPOSH)
See Programmer Sheet Appendix C, on page C-84

10.7.11 Lower Position Hold Register (LPOSH)

Thisregister contains a snapshot of the lower and least significant half of the current value
of the position counter. It isthe binary count from the position counter. Thisisaread/write
register.

DEC_BASE+$A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
. POS[15:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-13. Lower Position Hold Register (LPOSH)
See Programmer Sheet Appendix C, on page C-85

10.7.12 Upper Initialization Register (UIR)

Thisregister contains the value to be used to initialize the upper half of the position
counter (UPQOS). It isaread/write register.

DEC_BASE+$B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read s
. initialization value [15:0]
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 10-14. Upper Initialization Register (UIR)
See Programmer Sheet Appendix C, on page C-86

10.7.13 Lower Initialization Register (LIR)

Thisregister contains the value to be used to initialize the lower half of the position
counter (LPOS). It is aread/write register.
DEC_BASE+$C 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read
Write

initialization value [15:0]

Figure 10-15. Lower Initialization Register (LIR)
See Programmer Sheet Appendix C, on page C-86
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10.7.14 Input Monitor Register (IMR)

Thisregister contains the values of the raw and filtered PHASEA, PHASEB, INDEX, and
HOME input signals. It is aread-only register. The reset value depends on the values of
the raw and filtered values of the PHASEA, PHASEB, INDEX and HOME. If these input
pins are connected to a pull-up, bits 0-7 of the IMR will all be ones. If these input pins are
connected to a pull-down device, bits 0-7 will all be zeros. If no pull-up or pull-down is
connected to these input pins, the reset value of the eight lower bits of the IMR will al be

unknown.

DEC_BASE+$D 15 14 13 12 11 10 9 8 7 6 5 1 0
Read o[ o] o] o] o] o] o] o |[FPHA[FPHB]FIND|FHOM| PHA | PHB | INDEX| HOME
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-16. Input Monitor Register (IMR)

See Programmer Sheet Appendix C, on page C-87

10.7.14.1 Reserved Bits—15-8

These bits are reserved. They are read only as zero.
10.7.14.2 FPHA—BIt 7
Thisisthefiltered version of PHASEA inpui.
10.7.14.3 FPHB—BIt 6
Thisisthefiltered version of PHASEB inpuit.
10.7.14.4 FIND—BIt 5

Thisisthefiltered version of INDEX input.
10.7.145 FHOM—BIit 4
Thisisthefiltered version of HOME input.
10.7.14.6 PHA—BIt 3

Thisisthe raw PHASEA input.

10.7.14.7 PHB—BIt 2
Thisisthe raw PHASEB inpui.
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10.7.14.8 INDEX—BIt 1
Thisisthe raw INDEX input.

10.7.14.9 HOME—-BIt0
Thisisthe raw HOME input.

10.7.15 Test Register (TSTREG)

Thisregister controls and sets the frequency of a quadrature signal generator. It providesa
guadrature test signal to the inputs of the quadrature decoder module. The count value in
the TSTREG register is counted down to zero when the test module is enabled,

TEN =1, and the count is enabled, TCE = 1. Each count value of one represents a
complete quadrature cycleinterpreted as a count of four by the position counter, ENPOS =
UPOS + LPOS, if it is so enabled. The period field determinesin |Pbus clock cyclesthe
length of each quadrature cycle phase. This register is afactory test feature; however, it
may be useful to customers’ software development and testing. This is a read/write
register

DEC_BASE+$E 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read .
) TEN | TCE | QDN Period[4:0] Countl[7:0]
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-17. Test Register (TSTREG)

10.7.15.1 Test Mode Enable (TEN)—BIt 15

This bit connects the test module to inputs of the quadrature decoder module.

10.7.15.2 Test Counter Enable (TCE)—Bit 14

This bit connects the test counter to inputs of the quadrature decoder module.

10.7.15.3 Quadrature Decoder Negative Signal (QDN)—-Bit 13
This bit generates a negative quadrature signal if set. Otherwiseit isin a positive direction.

* 0 = Generates a negative quadrature decoder signal
» 1 = Leaves quadrature decoder signal in a positive direction

10.7.15.3.1 Period—Bits 12-8
These bits hold the period of quadrature phase in 1Pbus clock cycles.
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10.7.15.4 Count—Bits 7-0

These bits hold the number of quadrature cycles to generate.
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11.1 Introduction

The pulse width modulator for motor control (PWM) can be configured for one, two, or
three complementary pairs. For example:
* One complementary pair and four independent

« Two complementary pair and two independent
» Three complementary pair and zero independent
« Zero complementary pair and six independent

An application-specific feature of this part is the inclusion of PWM modules. These
modules can each incorporate three complementary, individually programmable PWM
signal outputs. To enhance motor control functionality, each module is also capable of
supporting six independent PWM functions, for a total of 12-PWM outputs.
Complementary operation permits programmable dead-time insertion, distortion
correction through current sensing by software, and separate top and bottom output
polarity control. The up-counter value is programmable to support a continuously
variable PWM frequency. Both edge- and center-aligned synchronous pulse
width-control, full zero percent to 100 percent modulation, are supported. The device i
capable of controlling most motor types: AC induction motors (ACIM), both brushless
(BLDC) and brush DC motors (BDC), switched (SRM) and variable reluctance motors
(VRM), and stepper motors.

11.2 Features
» Three complementary PWM signal pairs, or six independent PWM signals
» Features of complementary channel operation
— Deadtime insertion

— Separate top and bottom pulse width correction via current status inputs or
software

— Separate top and bottom polarity control
« Edge-aligned or center-aligned PWM signals
» 15-bits of resolution
« Half-cycle reload capability
* Integral reload rates from one to 16
* Individual software-controlled PWM output
* Programmable fault protection
» Polarity control
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* 20-mA current sink capability on PWM pins
» Write-protectable registers

BUS
PRSC1 CLOCK LDFQO
PRSCO * LDFQ1
PRESCALER LDFQ2
* LDFQ3
IPOLO |
PMMOD N IPOLL
REGISTERS |1/} —>| PWMF B
| EDGE POL2
PMVAL N o INDEP
REGISTERS /] GENERATOR |« HALF m
< Dok outo [ — ouT1
PMCNT ouT2 OuT3
REGISTERS ¢ <—{ PWMEN [ a8
outd || L—{ outs
OUTCTLO L—{ouTcTL 1
L—» pPSYNC OUTCTL2 [ L —{OUTCTL 3
outcTL4 [~ |DT0—-5 | — OUTCTL 5
»| CHANNEL UX ¢ PMDEADTM
»| SWAP . 5 DEADTIME REGISTER
> Q’XEK »| CURRENT
g . SENSE TOP/BOTTOM TOPNEG
. > GENERATION SOTNEG
* 6
ISENSO IS0 11 152 L -
PIN PIN PIN > PWMO PIN
ISENS1 > —» PWM1 PIN
PMDISMAP |\ FAULT > POLARITY [—# PWM2PIN
REGISTERS |,/] PROTECTION | | CONTROL | » pwm3piN
PMFTACK |\ > —» PWM4 PIN
REGISTER |1 > e
vy PWMS PIN
ey - RELOAD INTERRUPT REQUEST
-
FMODEDO «— FAULTOPIN
FFLAGO |- FAULT
o - FAULTO INTERRUPT REQUEST FMODE1 PIN l«— FAULTLPIN
-
FMODE2 FILTERS o FAULT2PIN
FFLAGL |-
INTERRUPT | s FAULTLINTERRUPT REQUEST FMODE3 <— FAULT3 PIN
CONTROL .
FINTL [
FFLAG2 |- FFLAGO FPINO
- FAULT2 INTERRUPT REQUEST
FINT2 | FFLAG1 FPIN1
FFLAG3 |- FFLAG2 FPIN2
- FAULT3 INTERRUPT REQUEST
FINT3 [ FFLAG3 FPIN3
Figure 11-1. PWM Block Diagram
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11.3 Pin Descriptions

The DSP56F801 and DSP56F803 have one pul se width modulator with pins named

PWMAO-5, ISA0-2, and FAULTAO-2. The DSP56F805 and DSP56F807 have two pulse
width modulators, PWMA and PWMB, with pins named PWMAO0-5, ISA0-2, and
FAULTAO-3 and PWMBO0-5, ISA0-2 and FAULTBO-3.

11.3.1 PWMO-PWMS5 Pins
PWMO-PWM5 are the output pins of the six PWM channels.

11.3.2 FAULTO-FAULT3 Pins
FAULTO-FAULTS3 are input pins for disabling selected PWM outputs.

11.3.3 1SO0-IS2 Pins

ISO-1S2 are current status pins for top/bottom pulse width correction in complementary
channel operation while deadtime is asserted.

11.4 Register Summary
Each DSP56F801/803/805/807 pulse width modulator have the following registers:

« PWM control register (PMCTL)

« PWM fault control register (PMFCTL)

 PWAM fault status acknowledge (PMFSA)

 PWM output control register (PMOUT)

 PWM counter register (PMCNT)

 PWM counter modulo register (PWMCM)

« PWM value registers (PWMVALO-5)

« PWM deadtime register (PMDEADTM)

« PWM disable mapping register one (PMDISMAP1)
* PWM disable mapping register two (PMDISMAP2)
 PWM config register (PMCFG)

PWM channel control register (PMCCR)

« PWM port register (PMPORT)
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11.5 Functional Description

11.5.1 Block Diagram
A block diagram of the PWM isshownin Figure 11-1.

Note:

The pad numbering starts with zero instead of one. Therefore, the PWM
channels will be PWM[0:5], the faults FAULT[0:3], and the current sense pins

15[0:2].

11.5.2 Prescaler

To permit lower PWM frequencies, the prescaler produces the PWM clock frequency by
dividing the I Pbus clock frequency by one, two, four, and eight. The prescaler bits, PRSCO
and PRSC1, in the PWM control register (PWMCTL), select the prescaler divisor. This
prescaler is buffered and will not be used by the PWM generator until the LDOK hit is set
and anew PWM reload cycle begins.

Note:

All peripheras, except the COP/watchdog timer, run off of the IPbus clock
frequency. It is the chip operating frequency divided by two. The maximum
frequency of operation is 80MHz and correlates to a 40MHz |1 Pbus clock
frequency. The PWM prescaler can scale this IPbus clock frequency by one,
two, four, or eight.

11.5.3 PWM Generator

The PWM generator contains a 15-bit up/down PWM counter producing output signals
with software-sel ectables:

Alignment—The logic state of the EDGE bit in the configuration register
determines whether the PWM output is edge-aligned or center-aligned

Period—The value written to the PWM counter modulos, PWMCM, register is
used to determine the PWM period. The period can also be varied by using the
prescaler

— With edge-aligned output, the modulus is the period of the PWM output in
clock cycles

— With center-aligned output, the modulus is one-half of the PWM output period
in clock cycles

Pulse width—The number written to the PWM value register determines the pulse
width duty cycle of the PWM output in clock cycles

— With edge-aligned output, the pulse width is the value written to the PWM
value register
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Functional Description

— With center-aligned output, the pulse width is twice the value written to the
PWM value register

11.5.3.1 Alignment
The edge-align bit, EDGE, in the PWM configure register (PMCFG) selects either
center-aligned or edge-aligned PWM generator outputs.

ALIGNMENT REFERENCE

UP/DOWN COUNTER
MODULUS =4

| | |
PWM OUTPUT
DUTY CYCLE =50%

Figure 11-2. Center-Aligned PWM Output

ALIGNMENT REFERENCE * * * * *
UP COUNTER
MODULUS = 4

| | | | |

uveveessow | L[ L[ L[ 1|

Figure 11-3. Edge-Aligned PWM Output

Note: Because of the equals-comparator architecture of this PWM, the modulus
equals zero case is considered illegal. Therefore, the modulus register is not
reset, and a modulus value of zero will result in waveforms inconsistent with
the other modulus waveforms. If a modulus of zero is loaded, the counter will
continually count down from $7FFF. This operation will not be tested or
guaranteed. Consider it illegal. However, the dead-time constraints and fault

conditions will still be guaranteed.

11.5.3.2 Period
The PWM period is determined if the value is written to the PWMCM register.
The PWM counter is an up/down counter in a center-aligned operation. PWM highest
output resolution is two IPbus clock cycles or 50ns @ IPbus clggkf= 40MHz.
PWM period = (PWM modulusy (PWM clock period)x 2
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Functional Description

COUNT 1

UP/DOWN COUNTER
MODULUS =4

PWM CLOCK PERIOD }4—
PWM PERIOD = 8 x PWM CLOCK PERIOD

Figure 11-4. Center-Aligned PWM Period

In an edge-aligned operation, the PWM counter is an up counter. PWM output resolution
is one clock cycle or 25ns @ |Pbus clock (f;py,s) = 40MHz.
PWM period = PWM modulus x PWM clock period

COUNT

UP COUNTER
MODULUS =4

PWM CLOCK PERIOD :j }<—

PWM PERIOD =4 X PWM CLOCK PERIOD

Figure 11-5. Edge-Aligned PWM Period

11.5.3.3 Duty Cycle

The signed 16-bit number written to the PWM value registers is the pulse width in PWM
clock periods of the PWM generator output.

_ PWM value
Duty cycle = “Modulus x 100

Note: A PWM value less than or equal to zero deactivates the PWM output for the
entire PWM period. A PWM value greater than or equal to the modulus
activates the PWM output for the entire PWM period.
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Functional Description

Table 11-1. PWM Value and Underflow Conditions

PMVALX Condition PWM Value Used
$0000-$7FFF Normal Value in registers
$8000-$FFFF Underflow $0000

Center-aligned operation isillustrated in Figure 11-6.

PWM pulse width = (PWM vaue) x (PWM clock period) x 2

COUNT 012343210123 4321

\/ \j \/ \/

\ Vv \/ \

UP/DOWN COUNTER v V V
MODULUS = 4

PWM VALUE =0
0/4=0%

PWM VALUE =1
1/4 = 25%

|
J 4
|

ppll

PWM VALUE =2 — ] —
214 = 50%

PWM VALUE =3
314 = 75%

PWM VALUE = 4
414 = 100% \J

Figure 11-6. Center-Aligned PWM Pulse Width

Edge-aligned operation isillustrated in Figure 11-7.

PWM pulse width = (PWM vaue) x (PWM clock period) x 2
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Functional Description

COUNT

1 2
UP COUNTER l

MODULUS =4

I

PWM VALUE =0 ‘
0/4 = 0% v

e s [ [ [ |

\l

PWM VALUE = 2
aa=son | L[ L[ 1|
y

e L] L] L

PWM VALUE =4 |
4/4 = 100%

Figure 11-7. Edge-Aligned PWM Pulse Width

11.5.4 Independent or Complementary Channel Operation

Inthe PWM configure register, writing alogic one to the INDEPxx bit configures apair of
the PWM outputs as two independent PWM channels. Each PWM output hasits own
PWM value register operating independently of the other channelsin independent channel
operation.

In the PWM configure register, writing alogic zero to the INDEPxx bit configures the
PWM output asa pair of complementary channels. The PWM pins are paired as shown in
Figure 11-8 in complementary channel operation.
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