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Preface

Overview

The primary objective of this document is to define the functionality of the SPC564A70
family of microcontrollers for use by software and hardware developers. The SPC564A70
family is built on Power Architecture® technology and integrates technologies that are
important for today’s lower-end applications.

As with any technical documentation, it is the reader’s responsibility to be sure he or she is
using the most recent version of the documentation.

To locate any published errata or updates for this document, visit the ST Web site at
www.st.com.

Audience

This manual is intended for system software and hardware developers and applications
programmers who want to develop products with the SPC564A70 device. It is assumed that
the reader understands operating systems, microprocessor system design, basic principles
of software and hardware, and basic details of the Power Architecture.

Chapter organization and device-specific information

This document includes chapters that describe:
e The device as a whole
e The functionality of the individual modules on the device

In the latter, any device-specific information is presented in the section “Information Specific
to This Device” at the beginning of the chapter.

References

In addition to this reference manual, the following documents provide additional information
on the operation of the SPC564A70:

e |EEE-ISTO 5001™ - 2003 and 2010, The Nexus 5001™ Forum Standard for a Global
Embedded Processor Debug Interface

e |EEE 1149.1-2001 standard - IEEE Standard Test Access Port and Boundary-Scan
Architecture

4
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1.1

1.2

Introduction

The SPC564A70 microcontroller family

The SPC564A70 is part of a family of microcontrollers that serves two main application
areas:

e Mid-range engine management
e Automotive transmission control
The SPC564A70 contains features of ST's SPC563M family and many new features

coupled with high performance 90 nm CMOS technology to provide substantial reduction of
cost per feature and significant performance improvement.

The e200z4 host processor core of the SPC564A70 complies with the Power Architecture®
technology. It is 100% user mode compatible (with floating point library) with the Power
Architecture instruction set. This architecture provides enhancements for embedded
applications. In addition to the Power Architecture instruction set, this core also has
additional instruction support for digital signal processing (DSP).

The SPC564A70 has two levels of memory hierarchy consisting of 8 KB of instruction
cache, backed by up to 128 KB on-chip SRAM and up to 2 MB of internal flash memory. The
SPC564A70 includes a ‘calibration bus’ that is only accessible when using calibration tools.
On-chip modules include:

e Dual issue, 32-bit Power Architecture compliant e200z4 CPU core complex

e Memory protection unit (MPU)

e Interrupt controller (INTC)

e Frequency-modulated phase-locked loop (FMPLL)

e System integration unit (SIU)

e Boot assist module (BAM)

e 32-channel second generation enhanced time processor unit (eTPU2)

e 24-channels enhanced modular Input Output System (eMIOS)

e Enhanced queued analog-to-digital converter (eQADC)

e 3 deserial serial peripheral interface (DSPI) modules

e 3 enhanced serial communication interface (eSCI) modules

e 3 controller-area network (FlexCAN) modules

e Cyclic redundancy check (CRC) module

e System timers

e Nexus development interface (NDI) per IEEE-ISTO 5001™ - 2003 standard

e On-chip voltage regulator for regulating 5 V down to 3.3 V for internal functions and
Nexus interface

e On-chip voltage regulator controller for regulating 5 V down to 1.2 V for core logic

SPC564A70 device comparison

Table 1 summarizes the SPC564A70 family of microcontrollers.
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Table 1. SPC564A70 device feature summary
Feature SPC564A70 SPC564A80

Process 90 nm
Core €200z4

SIMD Yes

VLE Yes

Cache 8 KB instruction

Non-Maskable Interrupt (NMI) NMI and Critical Interrupt

MMU 24-entry

MPU 16-entry

Crossbar switch 4x4 5x4

Core performance 0 — 150 MHz
Windowing software watchdog Yes
Core Nexus Class 3+
SRAM 128 KB 192 KB
Flash 2 MB 4 MB
Flash fetch accelerator 4 % 128-bit 4 x 256-bit
External bus None 16-hbit (incl. 32-bit muxed)

Calibration bus

16-bit (incl. 32-bit muxed)

DMA 64 channels
DMA Nexus None
Serial 3
eSCI_A Yes (MSC uplink)
eSCI_B Yes (MSC uplink)
eSCI_C Yes
CAN 3
CAN_A 64 message buffers
CAN_B 64 message buffers
CAN_C 64 message buffers
SPI 3
Micro Second Channel (MSC) bus downlink Yes
DSPI_A No
DSPI_B Yes (with LVDS)
DSPI_C Yes (with LVDS)
DSPI_D Yes
FlexRay Yes
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Table 1. SPC564A70 device feature summary (continued)

Feature

SPC564A70 SPC564A80

System timers

5 PIT channels
4 STM channels
1 Software Watchdog

eMIOS 24 channels
eTPU 32-channel eTPU2
Code memory 14 KB
Data memory 3 KB
Reaction module 6 channels

Interrupt controller

485 channels®

ADC 40 channels
ADC 0 Yes
ADC 1 Yes
Temperature sensor Yes
Variable gain amplifier Yes
Decimation filter 2
Sensor diagnostics Yes
CRC Yes
FMPLL Yes
VRC Yes
Supplies 5V, 3.3v®
Stop Mode
Low-power modes
Slow Mode
LQFP176()
LQFP176()
Packages PBGA324 PBGA324
496-pin CSP®) Known Good Die (KGD)
496-pin CSP®)
1. 197 interrupt vectors are reserved.
2. 5V single supply only for LQFP176
3. Pinout compatible with STMicroelectronics’ SPC563M64 devices
4. For ST calibration tool only

1.3 Device Block Diagram

Figure 1 shows a top-level block diagram of the SPC564A70.
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ADCi — ADC interface MMU — Memory Management Unit
AMux  — Analog Multiplexer MPU — Memory Protection Unit
BAM — Boot Assist Module PMC — Power Management Controller
CRC — Cyclic Redundancy Check unit PIT — Periodic Interrupt Timer
DEC — Decimation Filter RCOSC - Low-speed RC Oscillator
DTS — Development Trigger Semaphore REACM - Reaction Module
DSPI — Deserial/Serial Peripheral Interface SIU — System Integration Unit
eDMA - Enhanced Direct Memory Access SPE — Signal Processing Extension
eMIOS - Enhanced Modular Input Output System SRAM - Static RAM
eSCl — Enhanced Serial Communications Interface STM — System Timer Module
eTPU2 - Second gen. Enhanced Time Processing Unit  SWT — Software Watchdog Timer
FlexCAN- Controller Area Network (FlexCAN) VGA — Variable Gain Amplifier
FMPLL - Frequency-Modulated Phase-Locked Loop VLE — Variable Length (instruction) Encoding
XOSC - XTAL Oscillator

Figure 1.

67/1616

Doc ID 18132 Rev 3

SPC564A70 block diagram

4




RM0068

Introduction

1.4

Feature summary

150 MHz €200z4 Power Architecture® core

—  Variable length instruction encoding (VLE)

—  Superscalar architecture with 2 execution units

— Upto 2 integer or floating point instructions per cycle

— Up to 4 multiply and accumulate operations per cycle

Memory organization

— 2 MB on-chip flash memory with ECC and read-while-write (RWW)

— 128 KB on-chip SRAM with standby functionality (32 KB) and ECC

— 8 KB instruction cache (with line locking), configurable as 2- or 4-way
— 14 + 3 KB eTPU code and data RAM

— 4 x4 crossbar switch (XBAR)

- 24-entry MMU

Fail Safe Protection

—  16-entry Memory Protection Unit (MPU)

—  CRC unit with 3 submodules

— Junction temperature sensor

Interrupt

—  Configurable interrupt controller (INTC) with non-maskable interrupt (NMI)
—  64-channel eDMA

Serial channels

— 3 eSCIl modules

— 3 DSPI modules (2 of which support downstream Micro Second Channel [MSC])
— 3 FlexCAN modules with 64 message buffers each

— 1 FlexRay module (V2.1) up to 10 Mbit/s w/dual or single channel, 128 message
objects, ECC

1 eMIOS

— 24 unified channels

1 eTPU2 (second generation eTPU)

— 32 standard channels

— 1 reaction module (6 channels with 3 outputs per channel)
2 enhanced queued analog-to-digital converters (eQADCS)

—  Forty 12-bit input channels (multiplexed on 2 ADCs); expandable to 56 channels
with external multiplexers

— 6 command queues

—  Trigger and DMA support

— 688 ns minimum conversion time

On-chip CAN/SCI Bootstrap loader with Boot Assist Module (BAM)
Nexus: Class 3+ for core; Class 1 for eTPU

JTAG (5-pin)

Development Trigger Semaphore (DTS)

—  EVTO pin for communication with external tool
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Clock generation

—  On-chip 4-40 MHz main oscillator

—  On-chip FMPLL (frequency-modulated phase-locked loop)
Up to 112 general purpose /O lines

— Individually programmable as input, output or special function
—  Programmable threshold (hysteresis)

Power reduction modes: slow, stop, and standby

Flexible supply scheme

— 5V single supply with external ballast

—  Multiple external supply: 5V, 3.3V,and 1.2V
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1.5 Feature Details
15.1 €200z4 core

SPC564A70 devices have a high performance e200z4 core processor:

32-bit Power Architecture technology programmer’s model
Variable Length Encoding (VLE) enhancements

Dual issue, 32-bit Power Architecture technology compliant CPU
8 KB, 2/4-way set associative instruction cache

Thirty-two 64-bit general purpose registers (GPRs)

Memory Management Unit (MMU) with 24-entry fully-associative translation look-aside
buffer (TLB)

Harvard Architecture: Separate instruction bus and load/store bus
Vectored interrupt support

Non-maskable interrupt input

Critical Interrupt input

New ‘Wait for Interrupt’ instruction, to be used with new low power modes
Reservation instructions for implementing read-modify-write accesses
Signal processing extension (SPE) APU

Single Precision Floating point (scalar and vector)

Nexus Class 3+ debug

Process ID manipulation for the MMU using an external tool

In-order execution and retirement

Precise exception handling

Branch processing unit

—  Dedicated branch address calculation adder

—  Branch target prefetching using 8-entry BTB

Supports independent instruction and data accesses to different memory subsystems,
such as SRAM and flash memory via independent Instruction and Data BlUs

Load/store unit

—  2-cycle load latency

Fully pipelined

Big and Little endian support
Misaligned access support

Signal Processing Extension (SPE1.1) APU supporting SIMD fixed-point operations
using the 64-bit General Purpose Register file

Embedded Floating-Point (EFP2) APU supporting scalar and vector SIMD single-
precision floating-point operations, using the 64-bit General Purpose Register file

Power management

—  Low power design — extensive clock gating

—  Power saving modes: wait

— Dynamic power management of execution units, cache and MMU
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e Testability
—  Synthesizeable, MuxD scan design
— ABIST/MBIST for arrays
—  Built-in Parallel Signature Unit
e Calibration support allowing an external tool to modify address mapping

Crossbar switch (XBAR)

The XBAR multiport crossbar switch supports simultaneous connections between four
master ports and four slave ports. The crossbar supports a 32-bit address bus width and a
64-bit data bus width.

The crossbar allows three concurrent transactions to occur from the master ports to any
slave port but each master must access a different slave. If a slave port is simultaneously
requested by more than one master port, arbitration logic selects the higher priority master
and grants it ownership of the slave port. All other masters requesting that slave port are
stalled until the higher priority master completes its transactions. Requesting masters are
treated with equal priority and are granted access to a slave port in round-robin fashion,
based upon the ID of the last master to be granted access. The crossbar provides the
following features:

e 4 master ports
— CPU instruction bus
— CPU data bus
- eDMA
—  FlexRay
e 4 slave ports
—  Flash
Calibration bus interface
- SRAM
Peripheral bridge
e 32-bit internal address, 64-bit internal data paths

Enhanced direct memory access (eDMA)

The enhanced direct memory access (eDMA) controller is a second-generation module
capable of performing complex data movements via 64 programmable channels, with
minimal intervention from the host processor. The hardware micro-architecture includes a
DMA engine which performs source and destination address calculations, and the actual
data movement operations, along with an SRAM-based memory containing the transfer
control descriptors (TCD) for the channels. This implementation minimizes overall block
size. The eDMA module provides the following features:

e All data movement via dual-address transfers: read from source, write to destination

e Programmable source and destination addresses, transfer size, plus support for
enhanced addressing modes

e Transfer control descriptor organized to support two-deep, nested transfer operations
e Aninner data transfer loop defined by a “minor” byte transfer count
e An outer data transfer loop defined by a “major” iteration count

4

Doc ID 18132 Rev 3




RM0068 Introduction
e Channel activation via one of three methods:
—  Explicit software initiation
— Initiation via a channel-to-channel linking mechanism for continuous transfers
—  Peripheral-paced hardware requests (one per channel)
e Support for fixed-priority and round-robin channel arbitration
e Channel completion reported via optional interrupt requests
e 1interrupt per channel, optionally asserted at completion of major iteration count
e Error termination interrupts optionally enabled
e Support for scatter/gather DMA processing
e Ability to suspend channel transfers by a higher priority channel
154 Interrupt controller (INTC)
The INTC provides priority-based preemptive scheduling of interrupt requests, suitable for
statically scheduled hard real-time systems.
For high priority interrupt requests, the time from the assertion of the interrupt request from
the peripheral to when the processor is executing the interrupt service routine (ISR) has
been minimized. The INTC provides a unique vector for each interrupt request source for
quick determination of which ISR needs to be executed. It also provides an ample number of
priorities so that lower priority ISRs do not delay the execution of higher priority ISRs. To
allow the appropriate priorities for each source of interrupt request, the priority of each
interrupt request is software configurable.
When multiple tasks share a resource, coherent accesses to that resource need to be
supported. The INTC supports the priority ceiling protocol for coherent accesses. By
providing a modifiable priority mask, the priority can be raised temporarily so that all tasks
which share the resource cannot preempt each other.
The INTC provides the following features:
e 9-bit vector addresses
e Unique vector for each interrupt request source
e Hardware connection to processor or read from register
e Each interrupt source can assigned a specific priority by software
e Preemptive prioritized interrupt requests to processor
e ISR at a higher priority preempts executing ISRs or tasks at lower priorities
e Automatic pushing or popping of preempted priority to or from a LIFO
e Ability to modify the ISR or task priority to implement the priority ceiling protocol for
accessing shared resources
e Low latency—3 clocks from receipt of interrupt request from peripheral to interrupt
request to processor
This device also includes a non-maskable interrupt (NMI) pin that bypasses the INTC and
multiplexing logic.
155 Memory protection unit (MPU)

The Memory Protection Unit (MPU) provides hardware access control for all memory
references generated in a device. Using preprogrammed region descriptors, which define
memory spaces and their associated access rights, the MPU concurrently monitors all
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system bus transactions and evaluates the appropriateness of each transfer. Memory
references with sufficient access control rights are allowed to complete; references that are
not mapped to any region descriptor or have insufficient rights are terminated with a
protection error response.

The MPU has these major features:

Support for 16 memory region descriptors, each 128 bits in size

—  Specification of start and end addresses provide granularity for region sizes from
32 bytes to 4 GB

— MPU is invalid at reset, thus no access restrictions are enforced

— 2 types of access control definitions: processor core bus master supports the
traditional {read, write, execute} permissions with independent definitions for
supervisor and user mode accesses; the remaining non-core bus masters (eDMA,
FlexRay) support {read, write} attributes

— Automatic hardware maintenance of the region descriptor valid bit removes issues
associated with maintaining a coherent image of the descriptor

— Alternate memory view of the access control word for each descriptor provides an
efficient mechanism to dynamically alter the access rights of a descriptor only

—  For overlapping region descriptors, priority is given to permission granting over
access denying as this approach provides more flexibility to system software

Support for two XBAR slave port connections (SRAM and PBRIDGE)

—  For each connected XBAR slave port (SRAM and PBRIDGE), MPU hardware
monitors every port access using the preprogrammed memory region descriptors

— An access protection error is detected if a memory reference does not hit in any
memory region or the reference is flagged as illegal in all memory regions where it
does hit. In the event of an access error, the XBAR reference is terminated with an
error response and the MPU inhibits the bus cycle being sent to the targeted slave
device

—  64-bit error registers, one for each XBAR slave port, capture the last faulting
address, attributes, and detail information

Frequency-modulated phase-locked loop (FMPLL)

The FMPLL allows the user to generate high speed system clocks from a 4 MHz to 40 MHz
crystal oscillator or external clock generator. Further, the FMPLL supports programmable
frequency modulation of the system clock. The PLL multiplication factor, output clock divider
ratio are all software configurable. The PLL has the following major features:

Input clock frequency from 4 MHz to 40 MHz

Reduced frequency divider (RFD) for reduced frequency operation without forcing the
PLL to relock

3 modes of operation

—  Bypass mode with PLL off

—  Bypass mode with PLL running (default mode out of reset)

—  PLL normal mode

Each of the 3 modes may be run with a crystal oscillator or an external clock reference

4
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Programmable frequency modulation

— Modulation enabled/disabled through software

—  Triangle wave modulation up to 100 kHz modulation frequency

—  Programmable modulation depth (0% to 2% modulation depth)

—  Programmable modulation frequency dependent on reference frequency

Lock detect circuitry reports when the PLL has achieved frequency lock and
continuously monitors lock status to report loss of lock conditions

Clock Quality Module

—  Detects the quality of the crystal clock and causes interrupt request or system
reset if error is detected

—  Detects the quality of the PLL output clock; if error detected, causes system reset
or switches system clock to crystal clock and causes interrupt request

Programmable interrupt request or system reset on loss of lock
Self-clocked mode (SCM) operation

System integration unit (SIU)

The SPC564A70 SIU controls MCU reset configuration, pad configuration, external
interrupt, general purpose I/O (GPIO), internal peripheral multiplexing, and the system reset
operation. The reset configuration block contains the external pin boot configuration logic.
The pad configuration block controls the static electrical characteristics of /O pins. The
GPIO block provides uniform and discrete input/output control of the 1/O pins of the MCU.
The reset controller performs reset monitoring of internal and external reset sources, and
drives the RSTOUT pin. Communication between the SIU and the e200z4 CPU core is via
the crossbar switch. The SIU provides the following features:

System configuration

— MCU reset configuration via external pins

— Pad configuration control for each pad

— Pad configuration control for virtual I/O via DSPI serialization

System reset monitoring and generation

—  Power-on reset support

— Reset status register provides last reset source to software

—  Gilitch detection on reset input

—  Software controlled reset assertion

External interrupt

— Rising or falling edge event detection

— Programmable digital filter for glitch rejection

—  Critical Interrupt request

— Non-Maskable Interrupt request

GPIO

—  Centralized control of /0 and bus pins

— Virtual GPIO via DSPI serialization (requires external deserialization device)
— Dedicated input and output registers for setting each GP10 and Virtual GPIO pin
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e Internal multiplexing
— Allows serial and parallel chaining of DSPIs
— Allows flexible selection of eQADC trigger inputs
— Allows selection of interrupt requests between external pins and DSPI

— From a set of eTPU output channels, allows selection of source signals for
decimation filter integrators

Flash memory

The SPC564A70 provides 2 MB of programmable, non-volatile, flash memory. The non-
volatile memory (NVM) can be used to store instructions or data, or both. The flash module
includes a Fetch Accelerator that optimizes the performance of the flash array to match the
CPU architecture. The flash module interfaces the system bus to a dedicated flash memory
array controller. For CPU ‘loads’, DMA transfers and CPU instruction fetch, it supports a 64-
bit data bus width at the system bus port, and 128-bit read data interfaces to flash memory.
The module contains a prefetch controller which prefetches sequential lines of data from the
flash array into the buffers. Prefetch buffer hits allow no-wait responses.

The flash memory provides the following features:

e Supports a 64-bit data bus for instruction fetch, CPU loads and DMA access. Byte,
halfword, word and doubleword reads are supported. Only aligned word and
doubleword writes are supported.

e Fetch Accelerator

Architected to optimize the performance of the flash
Configurable read buffering and line prefetch support
4-entry 128-bit wide line read buffer

Prefetch controller

e Hardware and software configurable read and write access protections on a per-master
basis

e Interface to the flash array controller pipelined with a depth of one, allowing overlapped
accesses to proceed in parallel for pipelined flash array designs

e Configurable access timing usable in a wide range of system frequencies

e Multiple-mapping support and mapping-based block access timing (0—31 additional
cycles) usable for emulation of other memory types

e Software programmable block program/erase restriction control

e Erase of selected block(s)

e Read page size of 128 bits (4 words)

e ECC with single-bit correction, double-bit detection

e Program page size of 128 bits (4 words) to accelerate programming
e ECC single-bit error corrections are visible to software

e Minimum program size is 2 consecutive 32-bit words, aligned on a 0-modulo-8 byte
address, due to ECC

e Embedded hardware program and erase algorithm

e Erase suspend, program suspend and erase-suspended program
e Shadow information stored in non-volatile shadow block

e Independent program/erase of the shadow block

4

Doc ID 18132 Rev 3




RM0068

Introduction

1.5.9

1.5.10

1511

Static random access memory (SRAM)

The SRAM provides 128 KB of general purpose system SRAM. The first 32 KB block of the
SRAM is powered by its own power supply pin only during standby operation.

The SRAM controller includes these features:

e 128 KB data RAM implemented as eight 16 KB (2048 x 78 bits) blocks

e Each 16 KB block has 2 rows repairable (RAMs with internal repair feature)

e Supports read/write accesses mapped to the SRAM memory from any master

e 32 KB block powered by separate supply for standby operation

e Byte, halfword, word and doubleword addressable

e ECC performs single bit correction, double bit detection

Boot assist module (BAM)

The BAM is a block of read-only memory that is programmed once by ST and is identical for
all SPC564A70 MCUs. The BAM program is executed every time the MCU is powered on or
reset in normal mode. The BAM supports different modes of booting. They are:

e Booting from internal flash memory
e Serial boot loading (boot code is downloaded into RAM via eSCI or the FlexCAN and
then executed)

The BAM also reads the reset configuration half word (RCHW) from internal flash memory
and configures the SPC564A70 hardware accordingly. The BAM provides the following
features:

e Sets up MMU to cover all resources and mapping of all physical addresses to logical
addresses with minimum address translation

e Sets up MMU to allow user boot code to execute as either Power Architecture
technology code (default) or as VLE code

e Location and detection of user boot code

e  Automatic switch to serial boot mode if internal flash is blank or invalid

e Supports user programmable 64-bit password protection for serial boot mode

e Supports serial bootloading via FIexCAN bus and eSCI using standard protocol

e Supports serial bootloading via FlexCAN bus and eSCI with auto baud rate sensing

e Supports serial bootloading of either Power Architecture technology code (default) or
VLE code

e Supports booting from calibration bus interface

e Supports censorship protection for internal flash memory
e Provides an option to enable the core watchdog timer

e Provides an option to disable the system watchdog timer

Enhanced modular input/output system (eMIOS)

The eMIOS timer module provides the capability to generate or measure events in
hardware.
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The eMIOS module features include:
e Twenty-four 24-bit wide channels
e 3 channels’ internal timebases sharable between channels
e 1timebase from eTPU2 can be imported and used by the channels
e Global enable feature for all eMIOS and eTPU timebases
e Dedicated pin for each channel (not available on all package types)
e Each channel (0-23) supports the following functions:

—  General Purpose Input/Output (GPIO)

— Single Action Input Capture (SAIC)

— Single Action Output Compare (SAOC)

—  Output Pulse Width Modulation Buffered (OPWMB)

— Input Period Measurement (IPM)

—  Input Pulse Width Measurement (IPWM)

—  Double Action Output Compare (DOAC)

—  Modulus Counter Buffered (MCB)

—  Output Pulse Width & Frequency Modulation Buffered (OPWFMB)
e Each channel has its own pin (not available on all package types)

Second generation enhanced time processing unit (eTPU2)

The eTPU2 is an enhanced co-processor designed for timing control. Operating in parallel
with the host CPU, the eTPU2 processes instructions and real-time input events, performs
output waveform generation, and accesses shared data without host intervention.
Consequently, for each timer event, the host CPU setup and service times are minimized or
eliminated. A powerful timer subsystem is formed by combining the eTPU2 with its own
instruction and data RAM. High-level assembler/compiler and documentation allows
customers to develop their own functions on the eTPU2.

SPC564A70 devices feature the second generation of the eTPU, called eTPU2.
Enhancements of the eTPU2 over the standard eTPU include:

e The Timer Counter (TCR1), channel logic and digital filters (both channel and the
external timer clock input [TCRCLK]) now have an option to run at full system clock
speed or system clock / 2.

e Channels support unordered transitions: transition 2 can now be detected before
transition 1. Related to this enhancement, the transition detection latches (TDL1 and
TDL2) can now be independently negated by microcode.

e A new User Programmable Channel Mode has been added: the blocking, enabling,
service request and capture characteristics of this channel mode can be programmed
via microcode.

e Microinstructions now provide an option to issue Interrupt and Data Transfer requests
selected by channel. They can also be requested simultaneously at the same
instruction.

e Channel Flags 0 and 1 can now be tested for branching, in addition to selecting the
entry point.

e Channel digital filters can be bypassed.

4
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The eTPU2 includes these distinctive features:
32 channels; each channel associated with one input and one output signal

Enhanced input digital filters on the input pins for improved noise immunity

Identical, orthogonal channels: each channel can perform any time function. Each
time function can be assigned to more than one channel at a given time, so each
signal can have any functionality.

Each channel has an event mechanism which supports single and double action
functionality in various combinations. It includes two 24-bit capture registers, two
24-bit match registers, 24-bit greater-equal and equal-only comparators.

Input and output signal states visible from the host

2 independent 24-bit time bases for channel synchronization:

First time base clocked by system clock with programmable prescale division from
2 to 512 (in steps of 2), or by output of second time base prescaler

Second time base counter can work as a continuous angle counter, enabling
angle based applications to match angle instead of time

Both time bases can be exported to the eMIOS timer module
Both time bases visible from the host

Event-triggered microengine:

Fixed-length instruction execution in two-system-clock microcycle
14 KB of code memory (SCM)
3 KB of parameter (data) RAM (SPRAM)

Parallel execution of data memory, ALU, channel control and flow control sub-
instructions in selected combinations

32-bit microengine registers and 24-bit wide ALU, with 1 microcycle addition and
subtraction, absolute value, bitwise logical operations on 24-bit, 16-bit, or byte
operands, single-bit manipulation, shift operations, sign extension and conditional
execution

Additional 24-bit Multiply/MAC/Divide unit which supports all signed/unsigned
Multiply/MAC combinations, and unsigned 24-bit divide. The MAC/Divide unit
works in parallel with the regular microcode commands.

Resource sharing features support channel use of common channel registers, memory
and microengine time:

Hardware scheduler works as a “task management” unit, dispatching event
service routines by predefined, host-configured priority

Automatic channel context switch when a “task switch” occurs, that is, one function
thread ends and another begins to service a request from other channel: channel-
specific registers, flags and parameter base address are automatically loaded for
the next serviced channel

SPRAM shared between host CPU and eTPU2, supporting communication either
between channels and host or inter-channel

Hardware implementation of 4 semaphores support coherent parameter sharing
between both eTPU engines

Dual-parameter coherency hardware support allows atomic access to 2
parameters by host
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e Test and development support features:

— Nexus Class 1 debug, supporting single-step execution, arbitrary microinstruction
execution, hardware breakpoints and watchpoints on several conditions

—  Software breakpoints

—  SCM continuous signature-check built-in self test MISC (multiple input signature
calculator), runs concurrently with eTPU2 normal operation

Reaction module (REACM)

The REACM provides the ability to modulate output signals to manage closed loop control
without CPU assistance. It works in conjunction with the eQADC and eTPU?2 to increase
system performance by removing the CPU from the current control loop.

The REACM has the following features:
e 6 reaction channels with peak and hold control blocks
e Each channel output is a bus of 3 signals, providing ability to control 3 inputs.

e Each channel can implement a peak and hold waveform, making it possible to
implement up to six independent peak and hold control channels

Target applications include solenoid control for direct injection systems and valve control in
automatic transmissions.

Enhanced queued analog-to-digital converter (eQADC)

The eQADC block provides accurate and fast conversions for a wide range of applications.
The eQADC provides a parallel interface to two on-chip analog-to-digital converters (ADC),
and a single master to single slave serial interface to an off-chip external device. Both on-
chip ADCs have access to all the analog channels.

The eQADC prioritizes and transfers commands from six command conversion command
‘queues’ to the on-chip ADCs or to the external device. The block can also receive data from
the on-chip ADCs or from an off-chip external device into the six result queues, in parallel,
independently of the command queues. The six command queues are prioritized with
Queue_0 having the highest priority and Queue_5 the lowest. Queue_0 also has the added
ability to bypass all buffering and queuing and abort a currently running conversion on either
ADC and start a Queue_0 conversion. This means that Queue_0 will always have a
deterministic time from trigger to start of conversion, irrespective of what tasks the ADCs
were performing when the trigger occurred. The eQADC supports software and external
hardware triggers from other blocks to initiate transfers of commands from the queues to the
on-chip ADCs or to the external device. It also monitors the fullness of command queues
and result queues, and accordingly generates DMA or interrupt requests to control data
movement between the queues and the system memory, which is external to the eQADC.

The ADCs also support features designed to allow the direct connection of high impedance
acoustic sensors that might be used in a system for detecting engine knock. These features
include differential inputs; integrated variable gain amplifiers for increasing the dynamic
range; programmable pull-up and pull-down resistors for biasing and sensor diagnostics.

The eQADC also integrates a programmable decimation filter capable of taking in ADC
conversion results at a high rate, passing them through a hardware low pass filter, then
down-sampling the output of the filter and feeding the lower sample rate results to the result
FIFOs. This allows the ADCs to sample the sensor at a rate high enough to avoid aliasing of
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out-of-band noise; while providing a reduced sample rate output to minimize the amount
DSP processing bandwidth required to fully process the digitized waveform.

The eQADC provides the following features:

Dual on-chip ADCs
— 2 x12-bit ADC resolution
—  Programmable resolution for increased conversion speed (12-bit, 10-bit, 8-bit)
12-bit conversion time — 938 ns (1M sample/s)
10-hit conversion time — 813 ns (1.2M sample/s)
8-bit conversion time — 688 ns (1.4M sample/s)
— Upto 10-bit accuracy at 500K sample/s and 8-bit accuracy at 1M sample/s
— Differential conversions
—  Single-ended signal range from 0 to 5 V
—  Sample times of 2 (default), 8, 64, or 128 ADC clock cycles
—  Provides time stamp information when requested

— Allows time stamp information relative to eTPU clock sources, such as an angle
clock

— Parallel interface to eQADC command FIFOs (CFIFOs) and result FIFOs
(RFIFOs)

—  Supports both right-justified unsigned and signed formats for conversion results

40 single-ended input channels, expandable to 56 channels with external multiplexers
(supports 4 external 8-to-1 muxes)

8 channels can be used as 4 pairs of differential analog input channels

Differential channels include variable gain amplifier for improved dynamic range (x1,
X2, x4)

Differential channels include programmable pull-up and pull-down resistors for biasing
and sensor diagnostics (200 kQ, 100 kQ, 5 kQ)

Additional internal channels for monitoring voltages (such as core voltage, 1/O voltage,
LVI voltages, etc.) inside the device

An internal bandgap reference to allow absolute voltage measurements
Silicon die temperature sensor

— Provides temperature of silicon as an analog value

— Read using an internal ADC analog channel

— May be read with either ADC
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e 2 decimation filters
—  Programmable decimation factor (1 to 16)
—  Selectable IIR or FIR filter
— Upto 4th order IIR or 8th order FIR
—  Programmable coefficients
—  Saturated or non-saturated modes
—  Programmable Rounding (Convergent; Two’'s Complement; Truncated)
—  Prefill mode to precondition the filter before the sample window opens

—  Supports Multiple Cascading Decimation Filters to implement more complex filter
designs

—  Optional Absolute Integrators on the output of Decimation Filters
e Full duplex synchronous serial interface (SSI) to an external device
—  Free-running clock for use by an external device
—  Supports a 26-bit message length
e Priority based queues

—  Supports 6 queues with fixed priority. When commands of distinct queues are
bound for the same ADC, the higher priority queue is always served first

— Queue_0 can bypass all prioritization, buffering and abort current conversions to
start a Queue_0 conversion a deterministic time after the queue trigger

—  Supports software and hardware trigger modes to arm a particular queue
—  Generates interrupt when command coherency is not achieved
e External hardware triggers
—  Supports rising edge, falling edge, high level and low level triggers
—  Supports configurable digital filter

Deserial serial peripheral interface (DSPI)

The DSPI block provides a synchronous serial interface for communication between the
SPC564A70 MCU and external devices. The DSPI supports pin count reduction through
serialization and deserialization of eTPU and eMIOS channels and memory-mapped
registers. The channels and register content are transmitted using a SPI-like protocol. This
SPI-like protocol is completely configurable for baud rate, polarity and phase, frame length,
chip select assertion, etc. Each bit in the frame may be configured to serialize either eTPU
channels, eMIOS channels or GPIO signals. The DSPI can be configured to serialize data to
an external device that implements the Microsecond Bus protocol. There are three identical
DSPI blocks on the SPC564A70 MCU. The DSPI pins support 5 V logic levels or Low
Voltage Differential Signalling (LVDS) to improve high speed operation.

4
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DSPI module features include:
e Selectable LVDS pads working at 40 MHz for SOUT and SCK pins for DSPI_B and
DSPI_C
e Support for downstream Micro Second Channel (MSC) with Timed Serial Bus (TSB)
configuration on DSPI_B and DSPI_C
e 3 sources of serialized data: eTPU_A, eMIOS output channels, and memory-mapped
register in the DSPI
e 4 destinations for deserialized data: eTPU_A and eMIOS input channels, SIU external
Interrupt input request, memory-mapped register in the DSPI
e 32-bit DSI and TSB modes require 32 PCR registers, 32 GPO and GPI registers in the
SIU to select either GPIO, eTPU or eMIOS bits for serialization
e The DSPI module can generate and check parity in a serial frame
1.5.16 Enhanced serial communications interface (eSClI)

Three eSCI modules provide asynchronous serial communications with peripheral devices
and other MCUs, and include support to interface to Local Interconnect Network (LIN) slave
devices. Each eSCI block provides the following features:

Full-duplex operation

Standard mark/space non-return-to-zero (NRZ) format
13-bit baud rate selection

Programmable 8-bit or 9-bit data format

Programmable 12-bit or 13-bit data format for Timed Serial Bus (TSB) configuration to
support the Microsecond bus standard

Automatic parity generation

LIN support

—  Compatible with LIN slaves from revisions 1.x and 2.0 of the LIN standard
—  Autonomous transmission of entire frames

—  Configurable to support all revisions of the LIN standard
— Automatic parity bit generation

— Double stop bit after bit error

—  10- or 13-bit break support

Separately enabled transmitter and receiver

Programmable transmitter output parity

2 receiver wake-up methods:

— Idle line wake-up

— Address mark wake-up

Interrupt-driven operation with flags

Receiver framing error detection

Hardware parity checking

1/16 bit-time noise detection

DMA support for both transmit and receive data

—  Global error bit stored with receive data in system RAM to allow post processing of
errors
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Controller area network (FlexCAN)

The SPC564A70 MCU includes three FlexCAN blocks. The FlexCAN module is a
communication controller implementing the CAN protocol according to Bosch Specification
version 2.0B. The CAN protocol was designed to be used primarily as a vehicle serial data
bus, meeting the specific requirements of this field: real-time processing, reliable operation
in the EMI environment of a vehicle, cost-effectiveness and required bandwidth. Each
FlexCAN module contains 64 message buffers.
The FlexCAN modules provide the following features:
e Full Implementation of the CAN protocol specification, Version 2.0B

—  Standard data and remote frames

— Extended data and remote frames

—  Zero to eight bytes data length

—  Programmable bit rate up to 1 Mbit/s
e Content-related addressing
e 64 message buffers of 0 to 8 bytes data length
e Individual Rx Mask Register per message buffer

e Each message buffer configurable as Rx or Tx, all supporting standard and extended
messages

e Includes 1088 bytes of embedded memory for message buffer storage
e Includes 256-byte memory for storing individual Rx mask registers
e Full-featured Rx FIFO with storage capacity for 6 frames and internal pointer handling

e Powerful Rx FIFO ID filtering, capable of matching incoming IDs against 8 extended, 16
standard or 32 partial (8 bits) IDs, with individual masking capability

e Selectable backwards compatibility with previous FlexCAN versions

e Programmable clock source to the CAN Protocol Interface, either system clock or
oscillator clock

e Listen only mode capability

e Programmable loop-back mode supporting self-test operation

e 3 programmable Mask Registers

e Programmable transmit-first scheme: lowest ID, lowest buffer number or highest priority
e Time Stamp based on 16-bit free-running timer

e Global network time, synchronized by a specific message

e Maskable interrupts

e Warning interrupts when the Rx and Tx Error Counters reach 96

e Independent of the transmission medium (an external transceiver is assumed)
e  Multi-master concept

e High immunity to EMI

e Short latency time due to an arbitration scheme for high-priority messages

e Low power mode, with programmable wakeup on bus activity

4
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1.5.18 FlexRay
The SPC564A70 includes one dual-channel FlexRay module that implements the FlexRay
Communications System Protocol Specification, Version 2.1 Rev A. Features include:
e Single channel support
e FlexRay bus data rates of 10 Mbit/s, 8 Mbit/s, 5 Mbit/s, and 2.5 Mbit/s supported
e 128 message buffers, each configurable as:
— Receive message buffer
—  Single-buffered transmit message buffer
— Double-buffered transmit message buffer (combines two single-buffered message
buffers)
e 2 independent receive FIFOs
— 1 receive FIFO per channel
— Upto 255 entries for each FIFO
e ECC support
1.5.19 System timers

The system timers include two distinct types of system timer:
e Periodic interrupts/triggers using the Periodic Interrupt Timer (PIT)
e Operating system task monitors using the System Timer Module (STM)

Periodic interrupt timer (PIT)

The PIT provides five independent timer channels, capable of producing periodic interrupts
and periodic triggers. The PIT has no external input or output pins and is intended to provide
system ‘tick’ signals to the operating system, as well as periodic triggers for eQADC queues.
Of the five channels in the PIT, four are clocked by the system clock and one is clocked by
the crystal clock. This one channel is also referred to as Real-Time Interrupt (RTI) and is
used to wake up the device from low power stop mode.

The following features are implemented in the PIT:

e 5independent timer channels

e Each channel includes 32-bit wide down counter with automatic reload

e 4 channels clocked from system clock

e 1 channel clocked from crystal clock (wake-up timer)

e Wake-up timer remains active when System STOP mode is entered; used to restart
system clock after predefined time-out period

e Each channel optionally able to generate an interrupt request or a trigger event (to
trigger eQADC queues) when timer reaches zero

System timer module (STM)

The STM is designed to implement the software task monitor as defined by AUTOSAR®@. It
consists of a single 32-bit counter, clocked by the system clock, and four independent timer

a. AUTOSAR: AUTomotive Open System ARchitecture (see www.autosar.org)
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comparators. These comparators produce a CPU interrupt when the timer exceeds the
programmed value.

The following features are implemented in the STM:

e One 32-bit up counter with 8-bit prescaler

e Four 32-bit compare channels

e Independent interrupt source for each channel

e Counter can be stopped in debug mode

1.5.20 Software watchdog timer (SWT)

The SWT is a second watchdog module to complement the standard Power Architecture
watchdog integrated in the CPU core. The SWT is a 32-bit modulus counter, clocked by the
system clock or the crystal clock, that can provide a system reset or interrupt request when
the correct software key is not written within the required time window.

The following features are implemented:

e  32-bit modulus counter

e Clocked by system clock or crystal clock

e Optional programmable watchdog window mode

e Can optionally cause system reset or interrupt request on timeout

e Reset by writing a software key to memory mapped register

e Enabled out of reset

e Configuration is protected by a software key or a write-once register

1.5.21 Cyclic redundancy check (CRC) module

The CRC computing unit is dedicated to the computation of CRC off-loading the CPU. The
CRC module features:

e  Support for CRC-16-CCITT (x25 protocol):

16 4512 435 4+ 1

e Support for CRC-32 (Ethernet protocol):

32 4 526 £ 323 4322 L 416 L (12 L 11 10 L 8 T B A2 g

e Zero wait states for each write/read operations to the CRC_CFG and CRC_INP
registers at the maximum frequency

1.5.22 Error correction status module (ECSM)

The ECSM provides a myriad of miscellaneous control functions regarding program-visible
information about the platform configuration and revision levels, a reset status register, a
software watchdog timer, wakeup control for exiting sleep modes, and information on
platform memory errors reported by error-correcting codes and/or generic access error
information for certain processor cores.

4
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The Error Correction Status Module supports a number of miscellaneous control functions
for the platform. The ECSM includes these features:

e Registers for capturing information on platform memory errors if error-correcting codes
(ECC) are implemented

e For test purposes, optional registers to specify the generation of double-bit memory
errors are enabled on the SPC564A70.

The sources of the ECC errors are:

e Flash memory

e SRAM

e Peripheral RAM (FlexRay, CAN, eTPU2 parameter RAM)

1.5.23 Peripheral bridge (PBRIDGE)

The PBRIDGE implements the following features:

e Duplicated periphery

e Master access privilege level per peripheral (per master: read access enable; write
access enable)

e Write buffering for peripherals

e Checker applied on PBRIDGE output toward periphery

e Byte endianess swap capability

1.5.24 Calibration bus interface
The calibration bus interface controls data transfer across the crossbar switch to/from
memories or peripherals attached to the calibration tool connector in the calibration address
space. The calibration bus interface is only available in the calibration tool.

Features include:
e 33Vt10%I1/0(3.0Vto3.6V)
e Memory controller supports various memory types
e 16-bit data bus, up to 22-bit address bus
e Pin muxing supports 32-bit muxed bus
e Selectable drive strength
e Configurable bus speed modes
e  Bus monitor
e Configurable wait states
1.5.25 Power management controller (PMC)

The PMC contains circuitry to generate the internal 3.3 V supply and to control the
regulation of 1.2 V supply with an external NPN ballast transistor. It also contains low
voltage inhibit (LVI) and power-on reset (POR) circuits for the 1.2 V supply, the 3.3 V supply,
the 3.3 V/5 V supply of the closest I/O segment (VDDEHL1), and the 5 V supply of the
regulators (VDDREG).
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Nexus port controller (NPC)

The NPC block provides real-time Nexus Class3+ development support capabilities for the
SPC564A70 Power Architecture technology-based MCU in compliance with the IEEE-ISTO
5001-2010 standard. MDO port widths of 4 pins and 12 pins are available in all packages.

JTAG controller (JTAGC)

The JTAG controller (JTAGC) block provides the means to test chip functionality and
connectivity while remaining transparent to system logic when not in test mode. Testing is
performed via a boundary scan technique, as defined in the IEEE 1149.1-2001 standard. All
data input to and output from the JTAGC block is communicated in serial format. The JTAGC
block is compliant with the IEEE 1149.1-2001 standard and supports the following features:

e |EEE 1149.1-2001 Test Access Port (TAP) interface 4 pins (TDI, TMS, TCK, and TDO)

e A 5-bit instruction register that supports the following IEEE 1149.1-2001 defined
instructions:

— BYPASS, IDCODE, EXTEST, SAMPLE, SAMPLE/PRELOAD, HIGHZ, CLAMP
e A 5-bitinstruction register that supports the additional following public instructions:

— ACCESS_AUX_TAP_NPC

— ACCESS_AUX_TAP_ONCE

— ACCESS_AUX_TAP_eTPU

— ACCESS_CENSOR
e 3test data registers to support JTAG Boundary Scan mode

—  Bypass register

— Boundary scan register

— Device identification register

e A TAP controller state machine that controls the operation of the data registers,
instruction register and associated circuitry

e Censorship Inhibit Register
—  64-bit Censorship password register
— Ifthe external tool writes a 64-bit password that matches the Serial Boot password

stored in the internal flash shadow row, Censorship is disabled until the next
system reset.

Development trigger semaphore (DTS)

SPC564A70 devices include a system development feature, the Development Trigger
Semaphore (DTS) module, that enables user software to signal to an external tool—by
driving a persistent (affected only by reset or an external tool) signal on an external device
pin—that data is available. The DTS includes a register of semaphores (32-bits) and an
identification register.

There are a variety of ways this module can be used, including as a component of an
external real-time data acquisition system.

4
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2 Memory map

2.1

Introduction

Table 2 shows the memory map for the SPC564A70. All addresses on the SPC564A70,
including those that are reserved, are identified in the table. The addresses represent the
physical addresses assigned to each IP block.

2.2 Memory Map

Table 2. SPC564A70 Memory Map
Start address End address AIIo((t:)z;ttids)size U(sbe;jtessiie Region name
0x0000_0000 Ox001F_FFFF 2 MB 2 MB Flash memory
0x0020_0000 | OxOOFF_BFFF — — Reserved
OxO0FF_CO000 | OxO00FF_FFFF 16 KB 16 KB Flash memory Shadow Block
0x0100_0000 | Ox1FFF_FFFF 496 MB — Emulation Remapping of flash memory
0x2000_0000 Ox2FFF_FFFF 256 MB — Reserved
0x3000_0000 | Ox3FFF_FFFF 256 MB — Calibration Bus
0x4000_0000 0x4000_7FFF 32 KB 32 KB SRAM Array, Standby Powered
0x4000_8000 | O0x4001_FFFF 96 KB 96 KB SRAM Array
0x4002_0000 OxBFFF_FFFF | 2048 MB — 128 KB — Reserved

Bridge A Peripherals

0xC000_0000 | OxC3EF_FFFF 63 MB — Reserved
OxC3F0_0000 | OxC3FO0_3FFF 16 KB — Peripheral Bridge A
OxC3F0_4000 | OxC3F7_FFFF — — Reserved
0xC3F8_0000 | OxC3F8_3FFF 16 KB — PLL
OxC3F8_4000 | OxC3F8_7FFF 16 KB — Calibration Bus Interface Configuration
0xC3F8_8000 | OxC3F8_BFFF 16 KB — Flash Configuration
O0xC3F8_C000 | OxC3F8_FFFF — — Reserved
0xC3F9_0000 | OxC3F9_3FFF 16 KB — S1[V]
OxC3F9_4000 | OxC3F9_BFFF — — Reserved
0xC3F9_CO000 | OxC3F9_FFFF 16 KB — DTS
OxC3FA_0000 | OxC3FA_3FFF 16 KB — eMIOS
OxC3FA_4000 | OxC3FB_BFFF — — Reserved
0xC3FB_CO000 | OxC3FB_FFFF 16 KB — PMC
OxC3FC_0000 | OxC3FC_3FFF 16 KB — eTPU Registers

O0xC3FC_4000

OXC3FC_6FFF

Reserved

(574
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Table 2. SPC564A70 Memory Map (continued)
Start address End address AIIo((;)z;tteedS)size U(Sbe;tjsiie Region name
OXC3FC_7000 | OxC3FC_T7FFF 4 KB — Reaction Module
0xC3FC_8000 | OxC3FC_BFFF 16 KB 3 KB eTPU Parameter RAM
OxC3FC_CO000 | OxC3FC_FFFF 16 KB 3 KB eTPU Parameter RAM Mirror
0xC3FD_0000 | OxC3FD_37FF 14 KB 14 KB eTPU Code RAM
OXC3FD_4400 | OxC3FE_FFFF — — Reserved
OxC3FF_0000 | OxC3FF_3FFF 16 KB — PIT/RTI
OxC3FF_4000 | OxFFE6_7FFF — — Reserved
OxFFE6_8000 | OxFFE6_BFFF 16 KB — Cyclic Redundancy Check (CRC) Unit
OxFFE6_CO000 | OXFFEF_FFFF — — Reserved
OxFFFO_0000 | OxFFFO_3FFF 16 KB — Peripheral Bridge B Registers
OXxFFFO_4000 | OxFFFO_7FFF 16 KB — Crossbar switch (XBAR)
OxFFFO_8000 | OXFFFO_FFFF 16 KB — Reserved
OxFFF1_0000 | OxFFF1_3FFF 16 KB — MPU
OxFFF1_4000 | OxFFF3_7FFF 144 KB — Reserved
OxFFF3_8000 | OxFFF3_BFFF 16 KB — SWT
OxFFF3_CO000 | OxFFF3_FFFF 16 KB — STM
OxFFF4_0000 | OxFFF4_3FFF 16 KB — ECSM
OxFFF4_4000 | OxFFF4_7FFF 16 KB — eDMA
OxFFF4_8000 | OxFFF4_BFFF 16 KB — INTC
OxFFF4_CO000 | OxFFF7_FFFF 208 KB — Reserved
OxFFF8_0000 | OxFFF8_ 3FFF 16 KB — eQADC
OxFFF8_4000 | OxFFF8 7FFF 16 KB — Reserved
OxFFF8_8000 | OxFFF8_ BFFF 16 KB — Decimation Filter A
OxFFF8_CO000 | OXFFF8 FFFF 16 KB — Decimation Filter B
OxFFF9_0000 | OxFFF9_3FFF 16 KB — Reserved
OxFFF9_4000 | OxFFF9_7FFF 16 KB — DSPI_B
OxFFF9_8000 | OxFFF9_BFFF 16 KB — DSPI_C
OxFFF9_CO000 | OxFFF9_FFFF 16 KB — DSPI_D
OXFFFA_0000 | OxFFFA_FFFF 64 KB — Reserved
OXFFFB_0000 | OXFFFB_3FFF 16 KB — eSCI_A
OXFFFB_4000 | OXFFFB_7FFF 16 KB — eSCI_B
OxFFFB_8000 | OxFFFB_BFFF 16 KB — eSCI_C
OxFFFB_CO000 | OxFFFB_FFFF 16 KB — Reserved
OxFFFC_0000 | OxFFFC_3FFF 16 KB — FlexCAN_A
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RMO0068 Memory map
Table 2. SPC564A70 Memory Map (continued)
Start address End address Allo((;e;/tteecl)size U(Sbeﬁssiie Region name
OXFFFC_4000 | OXFFFC_7FFF 16 KB — FlexCAN_B
OxFFFC_8000 | OxFFFC_BFFF 16 KB — FlexCAN_C
OxFFFC_CO000 | OxFFFD_FFFF 80 KB — Reserved
OxFFFE_0000 | OxXFFFE_3FFF 16 KB — FlexRay
OXFFFE_4000 | OXFFFE_BFFF 32 KB — Reserved
System Information Module
OXFFFE_CO000 | OXFFFE_FFFF 16 KB — (Temperature sensor calibration
parameters and unigue device ID code)
OxFFFF_0000 | OxFFFF_BFFF 48 KB — Reserved
OxFFFF_CO000 | OxFFFF_FFFF 16 KB 16 KB Boot Assist Module
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Y 3 Signal Description
N
This chapter describes signals that connect off chip. It includes a table of signal properties and the detailed descriptions of signals.
3.1 Signal Properties
Table 3. SPC564A70 signal properties
PCR / © Status(® Package pin No.
110
Name® Function® P/AIG® | PA P(%R Voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
GPIO
FR_A_TX FlexRay transmit data channel A Al 010 (0] VDDE-EH /
12 i —/Up —/Up — — P1
GPIO[12] GPIO G 000 /0 Medium
g FR_A_TX_EN FlexRay ch. A tx data enable Al 010 13 (0] VDDE_—EH / —/Up —Iup _ _ P2
o GPIO[13] GPIO e} 000 /0 Medium
o .
FR_A_RX FlexRay receive data ch. A Al 010 | VDDE-EH /
= — = — — — —
|o_‘o GPIO[14] GPIO G 000 | ¥ | wo Medium I'up I'up R1
w
N FR_B_TX FlexRay transmit data ch. B Al 010 (¢] VDDE-EH /
- 15 —/u —/U — — R2
D GPIO[L5] GPIO G 000 o Medium P P
<
w FR_B_TX_EN FlexRay tx data enable for ch. B Al 010 (0] VDDE-EH /
— == 16 —/u —/U — — T1
GPIO[L6] GPIO G 000 o Medium P P
FR_B_RX FlexRay receive data channel B Al 010 17 | VDDE-EH / U U T2
GPIO[L7] GPIO G 000 o Medium P P
) (10) | VDDEH7/
GPIO[206] ETRIGO GPIO / eQADC Trigger Input G 00 | 206 | /O Slow) —/Up —/Up 143 R4 AAT
GPIO[207] ETRIG1 GPIO / eQADC Trigger Input G 00 | 207 | 11010 VDSDEVT ! —/Up —/Up 144 P5 Y9
VDDEH7 /
GPIO[219] GPIO G 000 %112? 110 Uity —/Up —/Up 122 T6 —
Reset / Configuration
— VDDEH6 / S -
RESET External Reset Input P — — Slow RESET / Up RESET / Up 97 L16 R22
(e}
2 SeTa VDDEH6/ | —— —
= RSTOUT External Reset Output P 01 [230| O Slow RSTOUT / Down | RSTOUT / Down 102 K15 P21
(o2}
l_\
(o2}
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
PLLREF FMPLL Mode Selection P 001 |
IRQ[4] External Interrupt Request Al 010 I VDDEHS6 /
208 —/U PLLREF /U 83 M14 V21
ETRIG2 eQADC Trigger Input A2 100 | Slow P P
GPIO[208] GPIO G 000 110
PLLCFG1(1¥ — — — —
IRQI[5] External interrupt request Al 010 209 | VDDE_HG/ —/Up —Iup _ _ U20
DSPI_D_SOUT DSPI D data output A2 100 (6] Medium
GPIO[209] GPIO G 000 lfe}
RSTCFG RSTCFG P 01 | VDDEHS6 /
210 — / Down — — —_ P22
GPIO[210] GPIO G 00 110 Slow
BOOTCFG[0 Boot Config. Input P 01 |
0 g- b VDDEHS / BOOTCEG[0] /
IRQ[2] External Interrupt Request Al 10 211 | Slow — / Down Down — — u21
GPIO[211] GPIO G 00 lfe}
BOOTCFGI1] Boot Config. Input P 001 |
IRQ[3] External Interrupt Request Al 010 | VDDEHG6 / BOOTCFG[1]/
212 — / Down 85 M15 T20
ETRIG3 eQADC Trigger Input A2 100 | Slow Down
GPIO[212] GPIO G 000 110
WKPCFG Weak Pull Config. Input 001 |
NMI Non-Maskable Interrupt Al 010 213 | VDDE_HG / —IUp WKPCFG / Up 86 L15 R1O
DSPI_B_SOUT DSPI B data output A2 100 (6] Medium
GPI0[213] GPIO G 000 110
Calibration Bus
CAL_CSO Calibration chip select P 01 336 (0] VDE;:th / —/— — — —
CAL_CS2 Calibration chip select P 001 (0] VDDE12 /
CAL_ADDRJ[10] Calibration address bus Al 010 338 110 Fast —/— — — —
CAL_WEJ[2]/BE[2] Calibration write/byte enable A2 100 (0]
CAL_CS3 Calibration chip select P 001 O VDDE12 /
CAL_ADDR[11] Calibration address bus Al 010 339 110 Fast —/— — — —
CAL_WE[3]/BE[3] Calibration write/byte enable A2 100 o)
CAL_ADDR[12] Calibration address bus P 01 340 110 VDDE12 / /
CAL_W[Z]/@[Z] Calibration write/byte enable Al 10 (0] Fast
CAL_ADDR[13] Calibration address bus P 01 340 110 VDDE12 / /
CAL_WE[3]/BE[3] Calibration write/byte enable Al 10 o Fast
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Table 3. SPC564A70 signal properties (continued) g
PCR /o ® Status(® Package pin No. 8
Name(® Function® PIAIGR | PA P(%R voltage (74 3
field type Pad type . 9
@) During reset After reset 176 208 324
CAL_ADDR([14] Calibration address bus P 01 340 110 VDDE12 / /
CAL_DATA[31] Calibration data bus Al 10 110 Fast
CAL_ADDR[15] Calibration address bus P 01 240 110 VDDE12 / /
CAL_ALE Calibration address latch enable Al 10 o Fast
CAL_ADDR[16] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[16] Calibration data bus Al 10 110 Fast
CAL_ADDR[17] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[17] Calibration data bus Al 10 110 Fast
CAL_ADDR][18] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[18] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[19] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[19] Calibration data bus Al 10 110 Fast
CAL_ADDR[20] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[20] Calibration data bus Al 10 110 Fast
CAL_ADDRJ21] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[21] Calibration data bus Al 10 110 Fast
CAL_ADDRJ[22] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[22] Calibration data bus Al 10 110 Fast
CAL_ADDR[23] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[23] Calibration data bus Al 10 110 Fast
CAL_ADDR[24] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[24] Calibration data bus Al 10 110 Fast
CAL_ADDR[25] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[25] Calibration data bus Al 10 110 Fast
CAL_ADDR[26] Calibration address bus P 01 245 110 VDDE12 / /
CAL_DATA[26] Calibration data bus Al 10 110 Fast n
CAL_ADDR[27] Calibration address bus P ot | .| o | voDEL2/ ) tg
CAL_DATA[27] Calibration data bus Al 10 110 Fast Q
CAL_ADDR[28] Calibration address bus P 01 345 110 VDDE12 / / g
CAL_DATA[28] Calibration data bus Al 10 110 Fast g
CAL_ADDRJ[29] Calibration address bus P 01 345 110 VDDE12 / / -g
CAL_DATA[29] Calibration data bus Al 10 110 Fast g
=
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
CAL_ADDR[30] Calibration address bus P 01 345 110 VDDE12 / /
CAL_DATA[30] Calibration data bus Al 10 110 Fast
CAL_DATA[O] Calibration data bus P 01 341 110 VDE:;z / —/Up —/Up — — —
VDDE12/
CAL_DATA[1] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12/
CAL_DATA[2] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[3] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[4] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[5] Calibration data bus P 01 341 110 Fast —/Up —/ Up — — —
CAL_DATA[6] Calibration data bus P 01 341 110 VDEEE'Z / —/Up —/Up — — —
VDDE12/
CAL_DATA[7] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12/
CAL_DATA[8] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[9] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[10] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12 /
CAL_DATA[11] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
CAL_DATA[12] Calibration data bus P 01 341 110 VDEEE'Z / —/Up —/Up — — —
VDDE12/
CAL_DATA[13] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
VDDE12/
CAL_DATA[14] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
VDDE12 /
CAL_DATA[15] Calibration data bus P 01 341 110 Fast —/Up —/Up — — —
CAL_RD_WR Calibration data bus P 01 342 (0] VDE:;z / —/— — — —
VDDE12/
CAL_WEJ0] Calibration write enable P 01 342 (e] Fast —/— — — —
VDDE12/
CAL_WE[1] Calibration write enable P 01 342 (e] Fast —/— — — —
VDDE12 /
CAL_OE Calibration output enable P 01 342 (0] Fast —/— — — —
CAL_TS Calibration transfer start P 01 343 o VDDE12 / /
CAL_ALE Address Latch Enable Al 10 (0] Fast
. . VDDE12 /
CAL_MDOJ[4] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDO[4] / — — — —
CAL_MDOQOJ[5] Calibration Nexus Message Data Out P 01 — (0] VDE:S:tLZ / — CAL_MDO[5] / — — — —
VDDE12/
CAL_MDOI6] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDOI[6] / — — — —
VDDE12/
CAL_MDOI7] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDOI[7]/ — — — —
VDDE12 /
CAL_MDOI8] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDOI[8] / — — — —
. . VDDE12 /
CAL_MDOJ[9] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDO[9]/ — — — —
. . VDDE12 /
CAL_MDOJ[10] Calibration Nexus Message Data Out P 01 — (0] Fast — CAL_MDOJ[10]/ — — — —
CAL_MDOJ11] Calibration Nexus Message Data Out P 01 — (0] VDE:S::Z / — CAL_MDO[11] / — — — —
NEXUS
—_— VDDEH7 / —_—
EVTI Nexus event in P 01 231 Multiy —/Up EVTI/ Up 116 E15 F21
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
_ VDDEH7 / _—
EVTO Nexus event out P 01 227 (6] Multiv — EVTO/— 120 D15 F22
(
MCKO Nexus message clock out P — 2112? (0] V'T:(;zf / — MCKO / — 14 F15 G20
VRC33/
MDO[0] Nexus message data out P 01 220 (e] Fast — MDO[0] / — 17 Al4 B20
VRC33/
MDO([1] Nexus message data out P 01 221 (¢] Fast — MDO[1]/ — 18 B14 C19
VRC33/
MDO[2] Nexus message data out P 01 222 (e] Fast — MDO[2] / — 19 Al13 C18
VRC33/
MDOI3] Nexus message data out P 01 223 (0] Fast — MDOJ[3]/ — 20 B13 D18
MDOJ4] Nexus message data out P 01 (0]
VDDEH7 /
ETPUA2_O eTPU A channel (output only) Al 10 75 o MultV — — = 126 P10 B19
GPIO[75] GPIO G 00 lfe}
MDOI5] Nexus message data out P 01 (0] VDDEH7 /
ETPUA4_O eTPU A channel (output only) Al 10 76 (0] Multiy — —/— 129 T10 C17
GPIO[76] GPIO G 00 [lfe}
MDOI6] Nexus message data out 01 (0] VDDEH7 /
ETPUA13_O eTPU A channel (output only) Al 10 77 (0] Multiy — —/— 135 T11 D17
GPIO[77] GPIO G 00 110
MDO([7] Nexus message data out P 01 (0] VDDEN7 /
ETPUA19_O eTPU A channel (output only) Al 10 78 (0] Multiv — —/— 136 N11 B18
GPIO[78] GPIO G 00 110
MDO[8] Nexus message data out 01 (0] VDDEN7 /
ETPUA21_O eTPU A channel (output only) Al 10 79 o MultiV — — = 137 P11 A19
GPIO[79] GPIO G 00 110
MDO[9] Nexus message data out 01 (e] VDDEH7 /
ETPUA25_O eTPU A channel (output only) Al 10 80 o MultiV — — = 139 T7 B17
P10O[80] GPIO G 00 lfe}
MDOJ10] Nexus message data out P 01 (0] VDDEH7 /
ETPUA27_O eTPU A channel (output only) Al 10 81 o MUtV — — = 134 R10 A18
GPIO[81] GPIO G 00 lfe}
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
MDOJ11] Nexus message data out P 01 (0] VDDEH7 /
ETPUA29 O eTPU A channel (output only) Al 10 82 o] MUtV — — = 124 P9 Al17
GPI10[82] GPI10[82] G 00 110
VDDEH7 / _
MSEOQI0] Nexus message start/end out P 01 224 (0] Multiv — MSEOI[0] / — 118 C15 G21
VDDEH7 / _
MSEOI1] Nexus message start/end out P 01 225 (0] Multiv — MSEOI[1]/ — 117 E16 G22
RDY Nexus ready output P 01 226 (6] VDDEH7 ! — — —_ —_ G19
Multiv
JTAG
VDDEH7 /
TCK JTAG test clock input P 01 — Multiy TCK / Down TCK/ Down 128 C16 D21
VDDEH7 /
TDI JTAG test data input P 01 232 Multiy TDI/ Up TDI/ Up 130 E14 D22
VDDEH7 /
TDO JTAG test data output P 01 228 (6] Multiv TDO / Up TDO / Up 123 F14 E21
. VDDEH7 /
T™MS JTAG test mode select input P 01 — Multiv TMS / Up TMS / Up 131 D14 E20
VDDEH7 /
JCOMP JTAG TAP controller enable P 01 — Multiv JCOMP / Down JCOMP / Down 121 F16 F20
FlexCAN
CAN_A_TX FlexCAN A ti it P 01 (0]
- X rapsml VDDEHS6 /
SCI_A_TX eSCI A transmit Al 10 83 o Slow —/Up —/Up 81 P12 Y17
GPIO[83] GPIO G 00 110
CAN_A_RX FlexCAN A i P 01 |
-z A r_ecelve VDDEHS6 /
SCI_A_RX eSCI A receive Al 10 84 | Slow —/Up —/Up 82 R12 AA18
GPIO[84] GPIO G 00 110
CAN_B_TX FlexCAN B transmit 001 o
DSPI_C_PCSI3] DSPI C peripheral chip select Al 010 85 (0] VDDEHS6 / U U 88 T12 AB1S
scl_c_Tx eSCI C transmit A2 100 0 Slow P P
GPIO[85] GPIO G 000 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
CAN_B_RX FlexCAN B receive P 001 |
DSPI_C_PCS[4] DSPI C peripheral chip select Al 010 (0] VDDEH®6 /
SCI_C_RX eSCI C receive A2 100 | 8| Slow Iop Iop 89 R13 AB19
GPIO[86] GPIO G 000 110
CAN_C_TX FlexCAN C transmit 01 (0] VDDEHG /
DSPI_D_PCSJ[3] DSPI D peripheral chip select Al 10 87 (0] Medium —/Up —/Up 101 K13 P19
GPIO[87] GPIO G 00 110
CAN_C_RX FlexCAN C receive P 01 | VDDEHG /
DSPI_D_PCS[4] DSPI D peripheral chip select Al 10 88 (0] Slow —/Up —/Up 98 L14 R20
GPIO[88] GPIO G 00 110
eSClI
SCI_A_TX SCIAt it P 01 (e}
i © ransmy VDDEHS6 /
EMIOS13 eMIOS channel Al 10 89 (6] Medium —/Up —/Up 100 J14 N20
GPIO[89] GPIO G 00 110
SCI_A_R)i4 eSCI A receive 01 | VDDEHG /
EMIOS15 eMIOS channel Al 10 90 (6] Medium —/Up —/Up 99 K14 P20
GPIO[90] GPIO G 00 110
SCI_B_TX eSCI B transmit P 01 (6]
_B_ _ _ VDDEHS6 /
DSPI_D_PCSI1] DSPI D peripheral chip select Al 10 91 (0] Medium —/Up —/Up 87 L13 R21
GPIO[91] GPIO G 00 110
SCI_B_RX eSCI B receive P 01 |
_B_ : _ VDDEHS6 /
DSPI_D_PCSI[5] DSPI D peripheral chip select Al 10 92 (e] Medium —/Up —/Up 84 M13 T19
GPIO[92] GPIO G 00 110
SCI_C_TX eSCI C transmit P 01 (6] VDDEHS6 /
iy 244 —/U —/U — — w18
GPIO[244] GPIO G 00 o Medium P P
SCI_C_RX eSCI C receive P 01 245 | VDDEHS6 / U /U Y19
GPIO[245] GPIO G 00 o Medium P P
DSPI
(15) _ _ _ _
DSPI_A_SCK _ ) VDDEH7 /
DSPI_C_PCSI1] DSPI C peripheral chip select Al 10 93 (0] Medium —/Up —/Up — — L22
GPIO[93] GPIO G 00 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
DSPI_A_SIN{1%) — — — —
. . VDDEH7 /
DSPI_C_PCSJ2] DSPI C peripheral chip select Al 10 94 (0] Medium —/Up —/Up — — L21
GPIO[94] GPIO G 00 110
DSPI_A_SOUT®) — — — —
. . VDDEH7 /
DSPI_C_PCSI[5] DSPI C peripheral chip select Al 10 95 (0] Medium —/Up —/Up — — L20
GPIO[95] GPIO G 00 110
(15) — — — —
DSPI_A_PCS[0] ) ) VDDEH7 /
DSPI_D_PCSJ[2] DSPI C peripheral chip select Al 10 96 (e] Medium —/Up —/Up — — M20
GPIO[96] GPIO G 00 110
(15) _ _ _ _
DSPI_A_PCS[1] - - VDDEN7 /
DSPI_B_PCS|2] DSPI C peripheral chip select Al 10 97 (0] Medium —/Up —/Up — — M19
GPIO[97] GPIO G 00 110
(15) _ _ _ _
DSPI_A_PCS|2] . VDDEN7 /
DSPI_D_SCK SPI clock pin for DSPI module Al 10 98 110 Medium —/Up —/Up 141 J15 M21
GPIO[98] GPIO G 00 110
(15) _ _ _ _
DSPI_A_PCS|3] _ VDDEH7 /
DSPI_D_SIN DSPI D data input Al 10 99 I Medium —/Up —/Up 142 H13 K19
GPIO[99] GPIO G 00 110
DSPI_A_PCS[4]1® — — — —
VDDEH7 /
DSPI_D_SOUT DSPI D data output Al 10 100 (6] Medium —/Up —/Up — — N19
GPIO[100] GPIO G 00 110
DSPI_A_PCS[5]1® — — — —
. . VDDEH7 /
DSPI_B_PCS[3] DSPI B peripheral chip select Al 10 101 (e] Medium —/Up —/Up — — N21
GPIO[101] GPIO G 00 110
DSPI_B_SCK SPI clock pin for DSPI module P 01 110 VDDEHS6 /
DSPI_C_PCSJ[1] DSPI B peripheral chip select Al 10 102 O Medium —/Up —/Up 106 J16 K21
GPIO[102] GPIO G 00 110
DSPI_B_SIN DSPI B data input 01 I VDDEHS6 /
DSPI_C_PCS|2] DSPI C peripheral chip select Al 10 103 O Medium —/Up —/Up 112 G15 H22
GPIO[103] GPIO G 00 110
DSPI_B_SOUT DSPI B data output P 01 o VDDEHS6 /
DSPI_C_PCSI5] DSPI C peripheral chip select Al 10 104 (0] Medium —/Up —/ Up 113 G13 J19
GPIO[104] GPIO G 00 110
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Table 3. SPC564A70 signal properties (continued)
PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
DSPI_B_PCS[0] DSPI B peripheral chip select P 01 110 VDDEHG /
DSPI_D_PCSJ2] DSPI D peripheral chip select Al 10 105 (0] Medium —/Up —/Up 11 G16 J21
GPIO[105] GPIO G 00 lfe}
DSPI_B_PCS[1] DSPI B peripheral chip select 01 (0] VDDEHG /
DSPI_D_PCSJ[0] DSPI D peripheral chip select Al 10 106 110 Medium —/Up —/Up 109 H16 J22
GPIO[106] GPIO G 00 lfe}
DSPI_B_PCS[2] DSPI B peripheral chip select 01 (0] VDDEHS6 /
DSPI_C_SOUT DSPI C data output Al 10 107 O Medium —/Up —/Up 107 H15 K22
GPIO[107] GPIO G 00 110
DSPI_B_PCS[3] DSPI B peripheral chip select 01 (0] VDDENG /
DSPI_C_SIN DSPI C data input Al 10 108 | Medium —/Up —/Up 114 G14 J20
GPIO[108] GPIO G 00 110
DSPI_B_PCS[4] DSPI B peripheral chip select 01 (0] VDDENG /
DSPI_C_SCK SPI clock pin for DSPI module Al 10 109 110 Medium —/Up —/Up 105 H14 K20
GPIO[109] GPIO G 00 110
DSPI_B_PCS|5] DSPI B peripheral chip select P 01 (0] VDDEHG /
DSPI_C_PCSI0] DSPI C peripheral chip select Al 10 110 110 Medium —/Up —/Up 104 J13 L19
GPIO[110] GPIO G 00 110
eQADC
ANO Single Ended Analog Input VDDA/
” ) ) ) P — — Analog I1/— AN[0] / — 172 B5 B8
DANO+ Positive Terminal Differential Input
Pull-up/down
. VDDA /
AN1 Single Ended Analog Input
. i - . P — — Analog I1/— AN[1]/ — 171 A6 A8
DANO- Negative Terminal Differential Input
Pull-up/down
AN2 Single Ended Analog Input VDDA/
gt Anajog fnput P — | = Analog 1— AN[2] /| — 170 D6 D10
DAN1+ Positive Terminal Differential Input
Pull-up/down
VDDA /
AN3 Single Ended Analog Input P — — Analog 1/ — ANI[3]/ — 169 Cc7 Cc9
DAN1- Negative Terminal Differential Input Pull-up/down
VDDA /
AN4 Single Ended Analog Input P — — Analog 1/ — AN[4] | — 168 B6 B9
DAN2+ Positive Terminal Differential Input Pull-up/down
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Table 3.

SPC564A70 signal properties (continued)

PCR . Status(® Package pin No.
Name(® Function® PIA/GR | PA P%R Vo Voltage! )7/
field | © | type | Pad type” i o
@) During reset After reset 176 208 324
VDDA /
AN5 Single Ended Analog Input P — — Analog 1/— AN[5] / — 167 A7 A9
DAN2- Negative Terminal Differential Input Pull-up/down
VDDA /
AN6 Single Ended Analog Input P — — Analog 1/ — AN[6] / — 166 D7 D11
DAN3+ Positive Terminal Differential Input Pull-up/down
VDDA /
AN7 Single Ended Analog Input P — — Analog 1/ — AN[7]/ — 165 c8 C10
DAN3- Negative Terminal Differential Input Pull-up/down
AN8 Single-ended Analog Input VDDA /
P 01 — 1/ — AN[8]/ — 9 B3 D6
ANW Multiplexed Analog Input Analog (€]
AN9 Single-ended Analog Input VDDA /
P 01 — 1/ — AN[9]/ — 5 A2 D7
ANX External Multiplexed Analog Input Analog (]
AN10 Single-ended Analog Input P o1 VDDA / | AN[10] / D8
ANY Multiplexed Analog Input Analog
AN11 Single-ended Analog Input VDDA /
. P 01 —_ 1/— AN[11]/ — 4 A3 A5
ANZ Multiplexed Analog Input Analog
AN12 - SDS Single-ended Analog Input P 001 |
MAO MUX Address 0 Al 010 215 (6] VDDEH7 / | AN[12]/ 148 AL2 AlG
ETPUA19_O eTPU A channel (output only) A2 100 (0] Medium
SDS eQADC Serial Data Select G 000 110
AN13 - SDO Single-ended Analog Input 001 |
MA1 MUX Address 1 Al 010 (o} VDDEH7 /
ETPUA21_O eTPU A channel (output only) A2 100 | 26 o Medium = AN[L3}/ — 147 B12 B16
SDO eQADC Serial Data Out G 000 (0]
AN14 - SDI Single-ended Analog Input P 001 |
MA2 MUX Address 2 Al 010 217 (6] VDDEH7 / | AN[14]/ 146 c12 c16
ETPUA27_O eTPU A channel (output only) A2 100 (0] Medium
SDI eQADC Serial Data In G 000 |
AN15 - FCK Single-ended Analog Input 001 I VDDEH7 /
FCK eQADC Free Running Clock Al 010 | 218 (o} Medium 1/ — AN[15] / — 145 C13 D16
ETPUA29_O eTPU A channel (output only) A2 100 (0]
VDDA /
AN16 Single-ended Analog Input P — — | 1/ — AN[16]/ — 3 Cc6 B7
Analog
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Table 3.

SPC564A70 signal properties (continued)

PCR . Status(® Package pin No.
Name(® Function® PIA/GR | PA P%R Vo Voltage! )7/
field | © | type | Pad type” i o

@) During reset After reset 176 208 324
VDDA /

AN17 Single-ended Analog Input P — — 1/— AN[17]/ — 2 C4 C6
Analog

AN18 Single-ended Analog Input P — — VDDA/ 1/— AN[18]/ — 1 D5 D9
Analog
. VDDA /

AN19 Single-ended Analog Input P — — Analog 1/ — AN[19]/ — — — B6
VDDA /

AN20 Single-ended Analog Input P — — 1/ — AN[20] / — — — c7

ingle-ended Analog Inpu Analog [20]

VDDA /

AN21 Single-ended Analog Input P — — 1/ — AN[21]/ — 173 B4 Cc8
Analog
VDDA /

AN22 Single-ended Analog Input P — — 1/— AN[22] | — 161 B8 cu
Analog
VDDA /

AN23 Single-ended Analog Input P — — 1/— AN[23]/ — 160 Cc9 B11
Analog

AN24 Single-ended Analog Input P — — VDDA/ 1/ — AN[24] | — 159 D8 D12
Analog
VDDA /

AN25 Single-ended Analog Input P — — 1/ — AN[25]/ — 158 B9 C12
Analog
VDDA /

AN26 Single-ended Analog Input P — — 1/ — AN[26] / — — — B12

ingle-ended Analog Inpu Analog [26]

VDDA /

AN27 Single-ended Analog Input P — — 1/ — AN[27]/ — 157 Al10 Al2
Analog
VDDA /

AN28 Single-ended Analog Input P — — 1/— AN[28]/ — 156 B10 A13
Analog
VDDA /

AN29 Single-ended Analog Input P — — 1/— AN[29]/ — — — D13
Analog

AN30 Single-ended Analog Input P — — VDDA/ 1/— AN[30]/ — 155 D9 C13
Analog
VDDA /

AN31 Single-ended Analog Input P — — 1/ — AN[31]/ — 154 D10 B13
Analog
VDDA /

AN32 Single-ended Analog Input P — — Analog 1/ — AN[32]/ — 153 C10 B14
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
. VDDA /
AN33 Single-ended Analog Input P — — 1/— AN[33]/ — 152 c1 C14
Analog
AN34 Single-ended Analog Input P — — VDDA/ 1/— AN[34]/ — 151 C5 D14
Analog
VDDA /
AN35 Single-ended Analog Input P — — 1/ — AN[35]/ — 150 D11 Al4
Analog
VDDA /
AN36 Single-ended Analog Input P — — 1/ — AN[36]/ — 174 F4 B4
Analog
VDDA /
AN37 Single-ended Analog Input P — — 1/ — AN[37]/ — 175 E3 A4
Analog
AN38 Single-ended Analog Input P VDDA/ 1/ AN[38]/ C5
9 g inp Analog
. VDDA /
AN39 Single-ended Analog Input P — — 1/— AN[39]/ — 8 D2 B5
Analog
VRH Voltage Reference High P — — VDDA/ 1/— — 163 A8 A10
VDDA /
VRL Voltage Reference Low P — — 1/ — — 162 A9 All
Ref B C it VDDA /
REFBYBC elerence bypass apaciior P — | = 1— — 164 B7 B10
Input Analog
eTPU2
TCRCLKA eTPU A TCR clock P 01 |
. VDDEH4 /
IRQI[7] External interrupt request Al 10 113 | Slow —/Up —/Up — L4 M2
GPIO[113] GPIO G 00 lfe}
ETPUAO eTPU A channel 001 110
ETPUA12_O eTPU A channel (output only) Al 010 114 (e] VDDEH4 / —1/ —/ 61 N3 L3
ETPUA19 O eTPU A channel (output only) A2 100 o Slow WKPCFG WKPCFG
GPIO[114] GPIO G 000 110
ETPUA1 eTPU A channel 01 lfe} VDDEH4 / _y iy
ETPUA13_O eTPU A channel (output only) Al 10 | 115 o Slow WKPCEG WKPCEG 60 M3 L4
GPIO[115] GPIO G 00 lfe}
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
ETPUA2 eTPU A channel P 01 110
ETPUA14 O eTPU A channel (output only) Al 10 | 116 o VDDEH4/ —! —! 59 P2 K3
- Sl WKPCFG WKPCFG
GPIO[116] GPIO G 00 o ow
ETPUA3 eTPU A channel 01 110 VDDEH4 /
ETPUA15_O eTPU A channel (output only) Al 10 117 O Slow — | WKPCFG GPIO / WKPCFG 58 P1 L2
GPIO[117] GPIO G 00 lfe}
ETPUA4 eTPU A channel 0001 110
ETPUA16_O eTPU A channel (output only) Al 0010 (0]
— — A2 — | nus | — VDDEH4/ —! —! 56 N2 L1
. Slow WKPCFG WKPCFG
FR_B_TX FlexRay transmit data channel B A3 1000 (0]
GPIO[118] GPIO G 0000 lfe}
ETPUAS5 eTPU A channel P 0001 110
ETPUA17_O eTPU A channel (output only) Al 0010 (0] VDDEH4 / / /
DSPI_B_SCK_LVDS- LVDS negative DSPI clock A2 0100 | 119 (e} Slow + WKPCEG WKPCEG 54 M4 K4
FR_B_TX_EN FlexRay tx data enable for ch. B A3 1000 (0] LVDS
GPIO[119] GPIO G 0000 110
ETPUAG6 eTPU A channel P 0001 110
ETPUA18_O eTPU A channel (output only) Al 0010 (0] VDDEH4 / / /
DSPI_B_SCK_LVDS+ LVDS positive DSPI clock A2 0100 | 120 O Medium + 53 L3 J3
FR_B_RX FlexRay receive data channel B A3 1000 | LVDS WKPCFG WKPCFG
GPIO[120] GPIO G 0000 110
ETPUA7 eTPU A channel P 0001 lfe}
ETPUA19_O eTPU A channel (output only) Al 0010 (0] VDDEH4 / / /
DSPI_B_SOUT_LVDS- | LVDS negative DSPI data out A2 0100 | 121 (o} Slow + n n 52 K3 K2
- - WKPCFG WKPCFG
ETPUA6_O eTPU A channel (output only) A3 1000 (0] LVDS
GPIO[121] GPIO G 0000 110
ETPUA8 TPU A ch | P 001 lfe}
€ cnanne VDDEHA4 /
ETPUA20_O eTPU A channel (output only) Al 010 (0] —1/ —1/
- 122 Slow + 51 N1 K1
DSPI_B_SOUT_LVDS+ | LVDS positive DSPI data out A2 100 (6] LVDS WKPCFG WKPCFG
GPIO[122] GPIO G 000 lfe}
ETPUA9 eTPU A channel 001 110
ETPUA21_O eTPU A channel (output only) Al 010 123 (0] VDDEH4 / —1/ —1 50 M2 1
RCH1_B Reaction channel 1B A2 100 (0] Slow WKPCFG WKPCFG
GPIO[123] GPIO G 000 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324

ETPUA10 eTPU A channel P 001 110
ETPUA22_O eTPU A channel (output only) Al 010 124 (0] VDDEH1 / —1/ —1/ 49 M1 H3
RCH1_C Reaction channel 1C A2 100 (0] Slow WKPCFG WKPCFG
GPIO[124] GPIO G 000 110
ETPUA11L eTPU A channel P 001 [lfe}
ETPUA23_O eTPU A channel (output only) Al 010 195 (e] VDDEH1 / —1/ —/ 48 L2 12
RCH4_B Reaction channel 4B A2 100 (0] Slow WKPCFG WKPCFG
GPIO[125] GPIO G 000 110
ETPUA12 eTPU A channel P 001 110
DSPI_B_PCS[1] DSPI B peripheral chip select Al 010 126 (0] VDDEH1 / —1/ —1/ 47 L1 1
RCH4_C Reaction channel 4C A2 100 (0] Medium WKPCFG WKPCFG
GPIO[126] GPIO G 000 110
ETPUA13 TPU A ch | 01 lfe}
DSPI_B_PCSJ[3] eDSPI B Cerzijm::ral chip select Al 10 127 O VDDEHL/ —! —! 46 J4 G4

5 perp P Medium WKPCFG WKPCFG
GPIO[127] GPIO G 00 110
ETPUA14 eTPU A channel P 0001 110
DSPI_B_PCS[4] DSPI B peripheral chip select Al 0010 (0] VDDEH1 / / /
ETPUA9_O eTPU A channel (output only) A2 0100 | 128 o} ) N N 42 J3 G3
RCHO_A Reaction channel 0A A3 1000 0 Medium WKPCFG WKPCFG
GPIO[128] GPIO G 0000 110
ETPUA15 eTPU A channel P 001 lfe}
DSPI_B_PCS|5] DSPI B peripheral chip select Al 010 199 (0] VDDEH1 / —1/ —/ 0 K2 "2
RCH1_A Reaction channel 1A A2 100 (0] Medium WKPCFG WKPCFG
GPIO[129] GPIO G 000 lfe}
ETPUA16 eTPU A channel P 001 110
DSPI_D_PCSI1] DSPI D peripheral chip select Al 010 130 (0] VDDEH1 / — 1/ —1/ 39 K1 Hi
RCH2_A Reaction channel 2A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[130] GPIO G 000 110
ETPUA17 eTPU A channel P 001 110
DSPI_D_PCSJ[2] DSPI D peripheral chip select Al 010 131 o VDDEH1 / —1/ —/ 38 s E3
RCH3_A Reaction channel 3A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[131] GPIO G 000 110
ETPUA18 eTPU A channel P 001 110
DSPI_D_PCSJ3] DSPI D peripheral chip select Al 010 132 (0] VDDEH1 / — 1/ —1/ a7 Ha F4
RCH4_A Reaction channel 4A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[132] GPIO G 000 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
ETPUA19 eTPU A channel P 001 110
DSPI_D_PCS[4] DSPI D peripheral chip select Al 010 133 (0] VDDEH1 / —1/ —1/ 36 2 G2
RCH5_A Reaction channel 5A A2 100 (0] Slow WKPCFG WKPCFG
GPIO[133] GPIO G 000 110
ETPUA20 eTPU A channel P 0001 110
IRQI[8] Exterr?al interrupt request Al 0010 | VDDEH1 / _y y
RCHO_B Reaction channel 0B A2 0100 | 134 (0] Slow WKPCEG WKPCEG 35 J1 G1
FR_A_TX FlexRay transmit data channel A A3 1000 (0]
GPIO[134] GPIO G 0000 110
ETPUA21 eTPU A channel P 0001 110
IRQ[9 Ext I int t t Al 0010 I
Q9] X err?a interrupt reques VDDEH1 / iy iy
RCHO_C Reaction channel 0C A2 0100 | 135 (0] 34 G4 E4
. Slow WKPCFG WKPCFG
FR_A_RX FlexRay receive channel A A3 1000 |
GPIO[135] GPIO G 0000 110
ETPUA22 eTPU A channel P 001 110
IRQ[10] External interrupt request Al 010 136 | VDDEH1 / —1/ —/ 2 Ho F2
ETPUA17_O eTPU A channel (output only) A2 100 (e] Slow WKPCFG WKPCFG
GPIO[136] GPIO G 000 110
ETPUA23 eTPU A channel P 0001 110
IRQ[11 Ext lint t t Al 0010 |
ET?:'[U/-\]Zl o e'I)EPeLrJnZ éflz:r::]ueﬁ (Z(::Ets only) A2 0100 | 137 o VDDEH1/ —! —! 30 H1 F1
- S WKPCFG WKPCFG
FR_A_TX_EN FlexRay ch. A transmit enable A3 1000 0 ow
GPIO[137] GPIO G 0000 110
ETPUA24 TPU A ch | P 001 110
IRQ[12] thernal (i:ntir:?ue t request Al 010 | VDDEH1/ / /
. ptreq 138 Slow + 28 Gl El
DSPI_C_SCK_LVDS- LVDS negative DSPI clock A2 100 (6] LVDS WKPCFG WKPCFG
GPIO[138] GPIO G 000 110
ETPUA25 eTPU A channel P 001 110
IRQ[13] External interrupt request Al 010 | VDDEH1/ / /
139 Medium + - o 27 G3 E3
DSPI_C_SCK_LVDS+ | LVDS positive DSPI clock A2 100 (e} LVDS WKPCFG WKPCFG
GPIO[139] GPIO G 000 110
ETPUA26 TPU A ch | P 001 110
IRQ[14] thernal (i:ntinr?ue t request Al 010 | VDDEH1/ / /
. ptreq 140 Slow + 26 F3 D3
DSPI_C_SOUT_LVDS- | LVDS negative DSPI data out A2 100 (6] LVDS WKPCFG WKPCFG
GPIO[140] GPIO G 000 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
ETPUA27 eTPU A channel P 0001 110
IRQ[15] External interrupt request Al 0010 I VDDEH1 / / /
DSPI_C_SOUT_LVDS+ | LVDS positive DSPI data out A2 0100 | 141 O Slow + 25 G2 E2
DSPI_B_SOUT DSPI B data output A3 1000 (6] LVDS WKPCFG WKPCFG
GPIO[141] GPIO G 0000 110
ETPUA28 eTPU A channel P 001 lfe}
DSPI_C_PCSI1] DSPI C peripheral chip select Al 010 142 (0] VDDEH1 / — 1/ —1/ 24 F1 b1
RCH5_B Reaction channel 5B A2 100 (0] Medium WKPCFG WKPCFG
GPI0[142] GPIO G 000 110
ETPUA29 eTPU A channel P 001 110
DSPI_C_PCSJ[2] DSPI C peripheral chip select Al 010 143 (0] VDDEH1 / —1/ —1 23 F2 D2
RCH5_C Reaction channel 5C A2 100 (0] Medium WKPCFG WKPCFG
GPIO[143] GPIO G 000 110
ETPUA30 eTPU A channel P 001 110
DSPI_C_PCSJ3] DSPI C peripheral chip select Al 010 144 (@] VDDEH1 / —1/ —1/ 29 E1 c1
ETPUA1l_O eTPU A channel (output only) A2 100 o Medium WKPCFG WKPCFG
GPI0[144] GPIO G 000 lfe}
ETPUA31 eTPU A channel P 001 110
DSPI_C_PCS[4] DSPI C peripheral chip select Al 010 145 (e] VDDEH1 / —1/ —/ 21 £ c2
ETPUA13_O eTPU A channel (output only) A2 100 o Medium WKPCFG WKPCFG
GPIO[145] GPIO G 000 110
eMIOS
EMIOSO eMIOS channel P 001 lfe}
ETPUAO_O eTPU A channel (output only) Al 010 (0] VDDEH4 /
179 —/Up —/ Up 63 T4 AB10
ETPUA25_O eTPU A channel (output only) A2 100 (0] Slow
GPIO[179] GPIO G 000 110
EMIOS1 eMIOS channel 01 110
VDDEH4 /
ETPUA1_O eTPU A channel (output only) Al 10 180 (e] Slow —/Up —/Up 64 T5 AB11
GPI0[180] GPIO G 00 lfe}
EMIOS2 eMIOS channel P 001 110
ETPUA2_O eTPU A channel (output only) Al 010 (0] VDDEH4 /
RCH2 B Reaction channel 28 A2 100 | B o Slow —/Up —/up 65 N7 wiz
GPIO[181] GPIO G 000 110
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Table 3. SPC564A70 signal properties (continued)
PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
EMIOS3 eMIOS channel P 01 110
ETPUA3_O eTPU A channel (output only) Al 10 182 (6] VDDEH4/ —! —! 66 R6 AA11
— S WKPCFG WKPCFG
GPIO[182] GPIO G 00 o ow
EMIOS4 eMIOS channel P 001 110
ETPUA4_O TPU A ch | (output onl Al 010 (e} VDDEH4 / —1/ —/
- e ) channel (output only) 183 67 R5 AB12
RCH2_C Reaction channel 2C A2 100 (0] Slow WKPCFG WKPCFG
GPIO[183] GPIO G 000 110
EMIOS5 MIOS ch | P 01 110
evius channe VDDEHA4 / — —1
ETPUA5_O eTPU A channel (output only) Al 10 184 (0] — — AA12
Slow WKPCFG WKPCFG
GPIO[184] GPIO G 00 110
EMIOS6 eMIOS channel 01 lfe} VDDEH4 /
ETPUA6_O eTPU A channel (output only) Al 10 185 (0] Slow — / Down — / Down 68 P7 Y12
GPIO[185] GPIO G 00 110
EMIOS7 eMIOS channel 01 110
VDDEH4 /
ETPUA7_O eTPU A channel (output only) Al 10 186 (0] Slow — / Down — / Down 69 — AB13
GPIO[186] GPIO G 00 110
EMIOS8 eMIOS channel P 001 110
ETPUA8_O eTPU A channel (output only) Al 010 o VDDEH4 /
SClB_TX eSCI B transmit A2 100 | ¥ o Slow —/up —/up 70 P8 wis
GPIO[187] GPIO G 000 110
EMIOS9 eMIOS channel P 001 110
ETPUA9_O eTPU A channel (output only) Al 010 (0] VDDEH4 /
. 188 —/Up —/Up 71 R7 AA13
SCI_B_RX eSCI B receive A2 100 | Slow
GPIO[188] GPIO G 000 110
EMIOS10 eMIOS channel P 001 110
DSPI_D_PCSJ[3] DSPI D peripheral chip select Al 010 189 (0] VDDEH4 / —1/ —1/ 73 NS vi3
RCH3_B Reaction channel 3B A2 100 (0] Medium WKPCFG WKPCFG
GPIO[189] GPIO G 000 110
EMIOS11 eMIOS channel 001 110
DSPI_D_PCS[4] DSPI D peripheral chip select Al 010 (0] VDDEH4 / — 1/ —1/
. 190 i 75 R8 AB14
RCH3_C Reaction channel 3C A2 100 (@] Medium WKPCFG WKPCFG
GPIO[190] GPIO G 000 110
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Table 3.

SPC564A70 signal properties (continued)

PCR /o ® Status(® Package pin No.
Name(® Function® PIAIGR | PA P(%R voltage (74
field type Pad type . 9
@) During reset After reset 176 208 324
EMIOS12 eMIOS channel P 001 110
DSPI_C_SOUT DSPI C data output Al 010 | o, o) VDDEH4 / —1 —1 76 N1O Wis
ETPUA27_O eTPU A channel (output only) A2 100 (e] Medium WKPCFG WKPCFG
GPIO[191] GPIO G 000 110
EI\SAL?SDI 3SOUT eD’\g:DCI) ?D(;h::z:r:)eult ut Al (1)(1) 192 I/c? VDDEH4/ —! —! 77 T8 AA14
— P Medium WKPCFG WKPCFG
GPIO[192] GPIO G 00 110
EMIOS14 eMIOS channel P 001 110
IRQ[O0] External interrupt request Al 010 | VDDEH4 /
193 —/ Down — / Down 78 R9 AB15
ETPUA29_O eTPU A channel (output only) A2 100 (0] Slow
GPIO[193] GPIO G 000 110
EMIOS15 eMIOS channel P 01 110
) VDDEH4 /
IRQ[1] External interrupt request Al 10 194 | Slow — / Down — / Down 79 T9 Y14
GPIO[194] GPIO G 00 110
EMIOS16 eMIOS channel P 01 110 VDDEH4 /
195 —/u —/u — — AA15
GPIO[195] GPIO G 00 o Slow P P
EMIOS17 eMIOS channel P 01 | 6| VO VDDEH4 / U U vis
GPIO[196] GPIO G 00 o Slow P P
EMIOS18 eMIOS channel P 01 110 VDDEH4 /
197 —/Up —/Up — — AB16
GPIO[197] GPIO G 00 110 Slow
EMIOS19 eMIOS channel P 01 | g | VO VDDEH4 / —1 —1 AALG
GPIO[198] GPIO G 00 110 Slow WKPCFG WKPCFG
EMIOS20 eMIOS channel P 01 | 5| VO VDDEH4 / —1 —1 ABL7
GPIO[199] GPIO G 00 110 Slow WKPCFG WKPCFG
EMIOS21 eMIOS channel P 01 |, | YO VDDEH4 / —1 —1 Wi6
GPIO[200] GPIO G 00 110 Slow WKPCFG WKPCFG
EMIOS22 eMIOS channel P 01 110 VDDEH4 /
201 —I/D —I/D — — Y16
GPIO[201] GPIO G 00 1o Slow own own
EMIOS23 eMIOS channel P o |, | Vo VDDEH4 / / Down / Down 80 R11 AALT
GPIO[202] GPIO G 00 le} Slow
EMIOS14(4) eMIOS channel P 01 o VDDEH7 /
203 — / Down — / Down — — H20
GPIO[203] GPIO G 00 110 Slow
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Table 3.

SPC564A70 signal properties (continued)

PCR . Status(® Package pin No.
Name(® Function® PIA/GR | PA PER Vo Voltage! )7/
field | © | type | Pad type” i o
@) During reset After reset 176 208 324
EMIOS15(14) eMIOS channel P 01 o] VDDEH7 /
204 — / Down — / Down — — H21
GPIO[204] GPIO G 00 110 Slow
Clock Synthesizer
VDDEHS6 /
XTAL Crystal oscillator output P 01 — (0] — — 93 P16 V22
Analog
VDDEHS6 /
EXTAL Crystal oscillator input P 01 — — — 92 N16 u22
Analog
VDDE12 /
CLKOUT System clock output P 01 229 (0] Fast — CLKOUT — — AA20
. . VDDE12/
ENGCLK Engineering clock output P 01 214 (6] Fast — ENGCLK — T14 AB21
Power / Ground
VDDREG Voltage regulator supply — — | 5V 1/ — VDDREG 10 K16 M22
VRCCTL Voltage regulator control output — — (0] — o/— VRCCTL 11 N14 V20
Internal regulator output — — (e] 3.3V A21, B1,
VRC33(16) 1o/ — VRC33 13 Q?'N%' P4, W7,
Input for external 3.3 V supply —_ — | 3.3V ' Y22
VDDA eQADC high reference voltage — — | 5V 1/— VDDA 6 A4, B11 A6, C15
A7, A15,
VSSA eQADC ground/low reference voltage — — | — 1/— VSSA 7 A5, All B15
VDDPLL FMPLL supply voltage — — | 1.2v 1/ — VDDPLL 91 R16 w22
VSTBY Power supply for standby RAM — — | 09V-6V 1/— VSTBY 12 C1 A3
A2, A20,
B1, B16, | B3, C4,
33, 45, C2,D3, |[C22,D5,
’ ’ 62, 103, E4, N5, | V19, W5,
VDD Core supply for input or decoupling — — | 12V 1/— VDD 132,149, | Pa, P13, | W20, Y4,
176 R3, R14, | Y21, AA3,
T2, T15 | AA22,
AB2
VDDE12 Extemal supply input for calibration bus _ _ 30V_36V 1 — VDDE12 _ o o
interfaces
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Table 3. SPC564A70 signal properties (continued)
PCR Status® Package pin No.
Name(® Function® P/AIG® fi:?d P(%R tl//[?e ;,/Z'J i?,gi()% ]
@) During reset After reset 176 208 324
‘ w17,
VDDES Externial supply input for ENGCLK and — — 30V-36V 1— VDDES — T13 1/1&9,
AB20
VDDE-EH External supply for EBI interfaces — — | 3.0V-50V 1/ — VDDE-EH — — R3, W2
VDDEH1A®7") 10 supply input — — I 33V-50V I1/— VDDEH1A®" 31 — —
VDDEH1B{®7) 1/0 supply input — — I 33V-50V 1/ — VDDEH1B®7) a1 — —
VDDEH1AB(") 10 supply input — — I 33V-50V I1/— VDDEH1AB(1?) — K4 H4
VDDEH4(18) 1/0 supply input — — I 33V-50V 1/ — VDDEH4(18) — — —
VDDEH4A(18) 10 supply input — — I 33V-50V I1/— VDDEH4A(18) 55 — —
VDDEH4B(8) 1/0 supply input — — I 33V-50V 1/ — VDDEH4B(!8) 74 — —
VDDEH4AB(8) 10 supply input — — I 33V-50V I1/— VDDEH4AB(18) — N9 w14
VDDEH6(9) 1/0 supply input — — I 33V-50V 1/ — VDDEH6(19) — — —
VDDEH6A(9) 10 supply input — — I 33V-50V I1/— VDDEH6A19) 95 — —
VDDEH6B(!9) 1/0 supply input — — I 33V-50V 1/ — VDDEH6B(!9) 110 — —
VDDEH6AB(9) 10 supply input — — I 33V-50V I1/— VDDEH6AB(19) — F13 H19, U19
VDDEH7(0) I/0 supply input — — I 33V-50V 1 — VDDEH7 — D12 |Di15
VDDEH7A®?%) 10 supply input — — I 33V-50V I1/— VDDEH7A 125 — —

8900Nd
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Table 3. SPC564A70 signal properties (continued)

PCR Status(® Package pin No.
PA |PCR| IO Voltage® /

(1) ion@ ®)
Name Function P/IAIG field | ® type Pad type®

(4) During reset After reset 176 208®) 324

VDDEH7B?% 10 supply input — — I 33V-50V I1/— VDDEH7B 138 — —

Al, A22,
B2, B21,
C3, C20,
D4, D19,

39, 310,
AL A16, | 311 J12,

B2,B15, |13, Ko,
C3, C14, | K10, K11,
D4, D13, | K12, K13,
G7,G8, |K14,L9,
15,29, | g9, G10, | L10, L11,
43,57, L12, L13,
72, 90, ,_',"97’,:'5(’) L14, M11,
VsS Ground — — — 1= VSS 94,96, | " IM12
108, 115, |J7:98,39, | m13,
127,133, | J10. K7, | m14, Ng,
140 K8, K9, |N10,N12,
K10, M16, | N13,N14,
N4, N13, | P9, P10,
P3.P14, |P12,P13,
R2,R15, | P14 T21,
1. T16 | T22, W4,
W19, Y3,
Y20, AA2,
AA21,
AB1,
AB22

The suffix “_O” identifies an output-only eTPU channel

For each pin in the table, each line in the Function column is a separate function of the pin. For all I/O pins the selection of primary pin function or secondary function or
GPIO is done in the SIU except where explicitly noted. See the Signal details table for a description of each signal.

3. The P/A/G column indicates the position a signal occupies in the muxing order for a pin—Primary, Alternate 1, Alternate 2, Alternate 3, or GPIO. Signals are selected by
setting the PA field value in the appropriate PCR register in the SIU module. The PA field values are as follows: P - 0b0001, Al - 0b0010, A2 - 0b0100, A3 - 0b1000, or G -
0b0000. Depending on the register, the PA field size can vary in length. For PA fields having fewer than four bits, remove the appropriate number of leading zeroes from
these values.

4. The Pad Configuration Register (PCR) PA field is used by software to select pin function.

Values in the PCR column refer to registers in the System Integration Unit (SIU). The actual register name is “SIU_PCR” suffixed by the PCR number. For example,
PCR[190] refers to the SIU register named SIU_PCR190.

6. The VDDE and VDDEH supply inputs are broken into segments. Each segment of slow I/O pins (VDDEH) may have a separate supply in the 3.3 V to 5.0 V range (—
10%/+5%). Each segment of fast I/O (VDDE) may have a separate supply in the 1.8 V to 3.3 V range (+/- 10%).

7. See Table 4 for details on pad types.
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The Status During Reset pin is sampled after the internal POR is negated. Prior to exiting POR, the signal has a high impedance. Terminology is O (output), | (input), Up
(weak pull up enabled), Down (weak pull down enabled), Low (output driven low), High (output driven high). A dash for the function in this column denotes that both the
input and output buffer are turned off. The signal name to the left or right of the slash indicates the pin is enabled.

LBGAZ208 is available upon specific request. Please contact your ST sales office for details.

When used as ETRIG, this pin must be configured as an input. For GPIO it can be configured either as an input or output.

Maximum frequency is 50 kHz

PCR219 controls two different pins: MCKO and GPIO[219]. Please refer to Pad Configuration Register 219 section in SIU chapter of device reference manual for details.
On LQFP176 and LBGA208 packages, this pin is tied low internally.

Output only

This signal name is used to support legacy naming.

Do not use VRC33 to drive external circuits.

VDDEH1A, VDDEH1B and VDDEH1AB are shorted together in all production packages. The separation of the signal names is present to support legacy naming, however
they should be considered as the same signal in this document.

VDDEH4, VDDEH4A, VDDEH4B and VDDEH4AB are shorted together in all production packages. The separation of the signal names is present to support legacy naming,
however they should be considered as the same signal in this document.

VDDEH®6, VDDEH6A, VDDEH6B and VDDEHG6AB are shorted together in all production packages. The separation of the signal names is present to support legacy naming,
however they should be considered as the same signal in this document.

VDDEH7, VDDEH7A and VDDE7B are shorted together in all production packages. The separation of the signal names is present to support legacy naming, however they
should be considered as the same signal in this document.

8900WH
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Signal Description

Table 4. Pad types
Pad Type Name 1/0 Voltage Range

Slow pad_ssr_hv 3.0v-55V

Medium pad_msr_hv 30V-55V
Fast pad_fc 30V-36V

Multiv-@ pad_muity_hv 33%\\’/5356\\’/(5‘;%5‘ :V"V"I':g nTg’;;)

Analog pad_ae_hv 00-55V

LVDS pad_lo_Iv —

1. Multivoltage pads are automatically configured in low swing mode when a JTAG or Nexus function is

selected, otherwise they are high swing.

2. VDDEH7 supply cannot be below 4.5 V when in low-swing mode.

3.2 Signal Details
Table 5. Signal details
Signal Module or function Description
CLKOUT Clock Generation SPC564A70 clock output for the calibration bus interface
ENGCLK Clock Generation Clock for external ASIC devices
. Input pin for an external crystal oscillator or an external clock
EXTAL Clock Generation source based on the value driven on the PLLREF pin at reset
PLLREF is used to select whether the oscillator operates in
xtal mode or external reference mode from reset.
PLLREF = 0 selects external reference mode. On the
PBGA324 package, PLLREF is bonded to the ball used for
PLLCFG[O] for compatibility with previous devices.
For the 176-pin QFP and 208-ball BGA packages:
oLLREF Clock Generation 0: External r.eference cIoF:k is selected
Reset/Configuration 1: XTAL oscillator mode is selected
For the 324-ball BGA package:
If RSTCFG is O:
0: External reference clock is selected
1: XTAL oscillator mode is selected
If RSTCFG is 1, XTAL oscillator mode is selected.
XTAL Clock Generation Crystal oscillator input
DSPI_B_SCK_LVDS- . _—
- - - DSPI LVDS pair used for DSPI_B TSB mode transmission
DSPI_B_SCK_LVDS+ -
DSPI_B_SOUT_LVDS- . o
- - - DSPI LVDS pair used for DSPI_B TSB mode transmission

DSPI_B_SOUT_LVDS+

(574
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Table 5.

Signal details (continued)

Signal

Module or function

Description

DSPI_C_SCK_LVDS-
DSPI_C_SCK_LVDS+

DSPI

LVDS pair used for DSPI_C TSB mode transmission

DSPI_C_SOUT_LVDS-
DSPI_C_SOUT_LVDS+

DSPI

LVDS pair used for DSPI_C TSB mode transmission

DSPI_B_PCSI0]
DSPI_C_PCS[0]
DSPI_D_PCS[0]

DSPI_B — DSPI_D

Peripheral chip select when device is in master mode—slave
select when used in slave mode

DSPI_B_PCS[1:5]
DSPI_C_PCS[1:5]
DSPI_D_PCS[1:5]

DSPI_B - DSPI_D

Peripheral chip select when device is in master mode—not
used in slave mode

DSPI_B_SCK DSPI clock hen device is i de; i
DSPI C SCK DSPI B — DSPI D cloc —output when device is in master mode; input
- = - - when in slave mode

DSPI_D_SCK

DSPI_B_SIN

DSPI_C_SIN DSPI_B - DSPI_D DSPI data in

DSPI_D_SIN

DSPI_B_SOUT

DSPI_C_SOUT DSPI_B - DSPI_D DSPI data out

DSPI_D_SOUT

eMIOS[0:23] eMIOS eMIOS 1/0O channels

ANJ[0:39] eQADC Single-ended analog inputs for analog-to-digital converter

AN[0:7]/DAN+ eQADC D!fferentlal analog input pair for fanalog-to-dlgltal converter
with pull-up/pull-down functionality

AN[0:7]/DAN— eQADC D!fferentlal analog input pai r for gnalog-to-dlgltal converter
with pull-up/pull-down functionality

FCK eQADC eQADC free running clock for eQADC SSiI

MA[0:2] €QADC These three control bits are output t_o enable the selection for
an external Analog Mux for expansion channels.

REFBYPC eQADC Bypass capacitor input

SDI eQADC Serial data in

SDO eQADC Serial data out

SDS eQADC Serial data select

VRH eQADC Voltage reference high input

VRL eQADC Voltage reference low input

SCI_A_RX

SCI_B_RX eSCI_A—-eSCI_C eSCl receive

SCI_C_RX

SCI_A_TX

SCI_B_TX eSCI_A—-eSCI_C eSCl transmit

SCI_C_TX

115/1616
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Table 5. Signal details (continued)
Signal Module or function Description
ETPU_A[0:31] eTPU eTPU 1/O channel
RCHO_[A:C]
RCH1_[A:C] _
RCH2_[A:C] eTPU2 eTPU2 reagtlon channels. .Used. tp cqntrol external actuators,
RCH3 TAC R ion Modul e.g., solenoid control for direct injection systems and valve
_[AC] eaction Module control in automatic transmissions
RCH4_[A:C]
RCH5_[A:C]
TCRCLKA eTPU2 Input clock for TCR time base
CAN_A TX FlexCAN A
ex | A-— .
CAN_B_TX FlexCAN C FlexCAN transmit
CAN_C_TX -
CAN_A_RX FlexCAN_A
ex | A-— .
CAN_B_RX FlexCAN_C FlexCAN receive
CAN_C_RX
FR_A_RX )
- = FlexRay FlexRay receive (Channels A, B)
FR_B_RX
FR_A_TX_EN .
- - FlexRay FlexRay transmit enable (Channels A, B)
FR_B_TX_EN
FR_A_TX ;
- = FlexRay FlexRay transmit (Channels A, B)
FR_B_TX
JCOMP JTAG Enables the JTAG TAP controller
TCK JTAG Clock input for the on-chip test logic
TDI JTAG Serial test instruction and data input for the on-chip test logic
TDO JTAG Serial test data output for the on-chip test logic
TMS JTAG Controls test mode operations for the on-chip test logic
EVTl is an input that is read on the negation of RESET to
= enable or disable the Nexus Debug port. After reset, the
EVTI Nexus =i A, N
EVTI pin is used to initiate program synchronization
messages or generate a breakpoint.
EVTO Nexus Output that provides tlmlng to a development tool for a single
watchpoint or breakpoint occurrence
MCKO is a free running clock output to the development
MCKO Nexus tools which is used for timing of the MDO and MSEO signals.
Trace message output to development tools. This pin also
. indicates the status of the crystal oscillator clock following a
MDO[0:11] Nexus power-on reset, when MDO[0] is driven high until the crystal
oscillator clock achieves stability and is then negated.
@[0:1] Nexus Output pin—Indicates the start or end of the variable length

message on the MDO pins

Doc ID 18132 Rev 3
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Table 5. Signal details (continued)

Signal Module or function Description

Nexus Ready Output (RDY)—Indicates to the development
RDY Nexus tools that data is ready to be read from or written to the
Nexus read/write access registers.

Two BOOTCFG signals are implemented in SPC564A70
MCUs.

The BAM program uses the BOOTCFGO bit to determine
where to read the reset configuration word, and whether to
initiate a FlexCAN or eSCI boot.

The BOOTCFG1 pin is sampled during the assertion of the
RSTOUT signal, and the value is used to update the RSR
and the BAM boot mode.

See reference manual section “Reset Configuration Half
Word (RCHW)” for details on the RCHW. The table “Boot
Modes” in reference manual section “BAM Program
Operation” defines the boot modes specified by the
BOOTCFGL1 pin.

BOOTCFG[0:1] SIU — Configuration

The following values are for BOOTCFG[0:1}:

00: Boot from internal flash memory

01: FlexCAN/eSCI boot

10: Boot from external memory using calibration bus
11: Reserved

Note: For the 176-pin QFP and 208-ball BGA packages
BOOTCFG[0] is always 0 since the EBI interface is not
available.

The WKPCFG pin is applied at the assertion of the internal
reset signal (assertion of RSTOUT), and is sampled four
clock cycles before the negation of the RSTOUT pin.

The value is used to configure whether the eTPU and eMIOS
pins are connected to internal weak pull up or weak pull
WKPCFG SIU — Configuration down devices after reset. The value latched on the WKPCFG
pin at reset is stored in the Reset Status Register (RSR), and
is updated for all reset sources except the Debug Port Reset
and Software External Reset.

0:Weak pulldown applied to eTPU and eMIOS pins at reset
1:Weak pullup applied to eTPU and eMIOS pins at reset

ETRIG[2:3] SIU — eQADC Triggers External signal eTRIGx triggers eQADC CFIFOx

(Cl-}rl]::uOtEZOG] ETRIGO SIU — eQADC Triggers External signal eTRIGXx triggers eQADC CFIFOx

(Ci‘rf:uotgzm] ETRIGL SIU — eQADC Triggers External signal eTRIGXx triggers eQADC CFIFOx
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Table 5. Signal details (continued)
Signal Module or function Description

The IRQ[0:15] pins connect to the SIU IRQ inputs. IMUX
Select Register 1 is used to select the IRQ[0:15] pins as

IRQI[0:5 inputs to the IRQs.

Q[0:5] SIU — External Interrupts P Q

IRQ[7:15]
See reference manual section “External IRQ Input Select
Register (SIU_EIISR)” for more information.

NMI SIU — External Interrupts | Non-Maskable Interrupt
Configurable general purpose I/O pins. Each GPIO input and
output is separately controlled by an 8-bit input (GPDI) or
output (GPDO) register. Additionally, each GPIO pin is
configured using a dedicated SIU_PCR register.

GPIO[12:17]

GPIO[75:110]
GPIO[113:145]
GPIO[179:204]
GPIO[206:213]
GPIO[219]
GPIO[244:245]

SIU - GPIO

The GPIO pins are generally multiplexed with other 1/0O pin
functions.

See the following reference manual sections for more

information:

— “Pad Configuration Registers (SIU_PCR)”

— “GPIO Pin Data Output Registers (SIU_GPDOO0_3 —
SIU_GPDO412_413)"

— “GPIO Pin Data Input Registers (SIU_GPDIO_3 —
SIU_GPDI_232)"

RESET

SIU — Reset

The RESET pin is an active low input. The RESET pin is
asserted by an external device during a power-on or external
reset. The internal reset signal asserts only if the RESET pin
asserts for 10 clock cycles. Assertion of the RESET pin while
the device is in reset causes the reset cycle to start over.

The RESET pin has a glitch detector which detects spikes
greater than two clock cycles in duration that fall below the
switch point of the input buffer logic of the VDDEH input pins.
The switch point lies between the maximum VIL and
minimum VIH specifications for the VDDEH input pins.

RSTCFG

SIU — Reset

Used to enable or disable the PLLREF and the
BOOTCFG[0:1] configuration signals.

0:Get configuration information from BOOTCFG[0:1] and
PLLREF

1:Use default configuration of booting from internal flash with
crystal clock source

For the 176-pin QFP and 208-ball BGA packages RSTCFG is
always 0, so PLLREF and BOOTCFG signals are used.

Doc ID 18132 Rev 3
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Table 5. Signal details (continued)
Signal Module or function Description
The RSTOUT pin is an active low output that uses a
push/pull configuration. The RSTOUT pin is driven to the low
— state by the MCU for all internal and external reset sources.
RSTOUT SIU - Reset There is a delay between initiation of the reset and the
assertion of the RSTOUT pin. See reference manual section
“RSTOUT” for details.
Table 6. Power/ground segmentation
Power segment Voltage I/O pins powered by segment
3.0V-
VDDES5 36V DATA[0:15], CLKOUT, ENGCLK
CAL_CS0, CAL_CS2, CAL_CS3, CAL_ADDR[12:30], CAL_DATA[0:15],
VDDE12 30V-36V CAL_RD_WR, CAL_WEO, CAL_WE1, CAL_OE, CAL_TS
VDDE-EH 3.0V-55V|FR_A_TX, FR_A TX_EN, FR_A_RX, FR_B_TX, FR_B_TX_EN, FR_B_RX
33V- .
VDDEH1 55V ETPUA[10:31]
33V- . .
VDDEH4 Y EMIOS[0:23], TCRCLKA, ETPUA[0:9]
RESET, RSTOUT, PLLREF, PLLCFG1, RSTCFG, BOOTCFGO, BOOTCFGL1,
WKPCFG, CAN_A_TX, CAN_A_RX, CAN_B_TX, CAN_B_RX, CAN_C_TX,
VDDEH6 3.3V -55V |CAN_C _RX, SCI_A_TX, SCI_A RX, SCI_B_TX, SCI_B_RX, SCI_C_TX,
SCI_C_RX, DSPI_B_SCK, DSPI_B_SIN, DSPI_B_SOUT, DSPI_B_PCS|0:5],
EXTAL, XTAL
EMIOS14, EMIOS15, GPIO[98:99], GPIO[203:204], GPI0[206], GPIO[207],
VDDEH7 3.3V- GPIO[219], EVTI, EVTO, MDO[4:11], MSEOO, MSEO1, RDY, TCK, TDI, TDO,
55V TMS, JCOMP, DSPI_A_SCK, DSPI_A_SIN, DSPI_A_SOUT, DSPI_A_PCS[0:1],
DSPI_A_PCSJ[4:5], AN12-SDS, AN13-SDO, AN14-SDI, AN15-FCK
VDDA 50V AN[0:11], AN[16:39], VRH, VRL, REFBYBC
VRC33 33V MCKO, MDOJ|0:3]
Other power segments
VDDREG 50V —
VRCCTL — —
VDDPLL 1.2V —
VSTBY 09VvV-6.0V —
VSS — —
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4 Resets
Note: Throughout this text the phrase “reset configuration pins” is used to refer to WKPCFG,
BOOTCFG, and PLLREF pins.
Not all packages have BOOTCFG[O0]. In this case, BOOTCFG[0] is sampled as 0bO.
4.1 Reset sources

This device supports the following system reset sources:

e Power-on Reset

e External Reset

e Loss of Lock Reset

e Loss of Clock Reset

e Watchdog Timer/Debug Reset

e JTAG Reset

e Software System Reset

e Software External Reset (resets external resources but not the device)

All reset sources are processed by the reset controller, which monitors the reset input
sources, and upon detection of a reset event, resets internal logic and controls the assertion
of the RSTOUT pin. The Software External Reset only causes the RSTOUT pin to be

asserted for a number of clock cycles determined by the PLL mode (refer to Section 4.3.2,
RSTOUT), and does not reset the device.

For all reset sources, the BOOTCFG[0:1] and PLLREF signals are used to determine the
boot mode and configuration of the FMPLL, respectively. Table 7 shows the options for
BOOTCFG[0:1] and Table 8 for PLLCFG[0:2]. Refer to Chapter 16: Frequency-modulated
phase locked loop (FMPLL), for information on the FMPLL during reset.

Table 7. BOOTCFG options

BOOTCFG[0] | BOOTCFG[1] Meaning
0 0 Boot from internal flash memory
0 1 FlexCAN / eSCI boot
1 0 Boot from external memory (no arbitration))
1 1 Reserved

1. This mode is only available in packages that have an EBI.

Table 8. PLLREF options

PLLREF Clock mode
0 Normal mode with external reference
1 Normal mode with crystal reference
Doc ID 18132 Rev 3 120/1616
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4.3
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The Reset Status Register (SIU_RSR) gives the source, or sources, of the last reset and
indicates whether a glitch has occurred on the RESET pin. The SIU_RSR is updated for all
reset sources except JTAG reset.

All reset sources initiate execution of the Boot Assist Module (BAM) program with the
exception of the Software External Reset.

The Reset Configuration Half Word (RCHW) determines the MCU configuration after reset.
The RCHW is stored in internal flash, or a default configuration is used. During reset, the
RCHW is read from internal flash memory. The BOOTCFG[O:l](b) pins are defined in
Chapter 15: System Integration Unit (SIU). The BAM program reads the value of the
BOOTCFGJ0:1] pins from field SIU_RSR[BOOTCFG], then reads the RCHW from the
specified location, and then uses the RCHW value to determine and execute the specified
boot procedure. Note: the reset controller latches the value on the BOOTCFG input to the
SIU four clock cycles prior to the negation of RSTOUT.

Reset vector

The reset vector for this device is OXFFFF_FFFC. This is a fixed location in the BAM. The
BAM program executes after every internal reset. The BAM program determines where to
branch after its execution completes based on the value on the BOOTCFG[0:1] pins. See
the BAM chapter’s functional description for details on the BAM program operation and
branch location to application software.

Reset pins

RESET

The RESET pin is an active low input. The RESET pin must be asserted by an external
device during a power-on or whenever an external reset is required. The internal reset
signal asserts only if the RESET pin asserts for 10 clock cycles. Assertion of the RESET pin
while the reset state machine is already processing a reset causes the reset cycle to start
over. The RESET pin has a glitch detector which detects spikes greater than two clocks in
duration that fall below the switch point of the input buffer logic of the VDDEH input pins.
The switch point lies between the maximum VIL and minimum VIH specifications for the
VDDEH input pins. Figure 2 and Figure 3 show logic flows of the reset state machine on
assertion of RESET.

RSTOUT

The RSTOUT pin is an active low output that uses a push/pull configuration. The RSTOUT
pin is driven to the low state by the MCU for all internal and external reset sources.

Depending on the PLL configuration, External Reference or Crystal Mode, the RSTOUT pin
is asserted after a delay defined in Table 9, plus four cycles for sampling of the configuration
pins.

b. BOOTCFGIO] is not available on all packages.

4
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RMO0068 Resets
The RSTOUT pin can also be asserted by a write to the SER bit of the System Reset
Control Register (SIU_SRCR). Asserting SIU_SRCR[SER], the RSTOUT duration will follow
the value specified in Table 9.
Table 9. Timing for reset sources
Number of clocks
Reset source Description
Crystal reference External reference
POR Power On Reset 2400 16000
ER External Reset (RESET pin) 2900 16500
LLR Loss of Lock Reset 3400 17000
WTR Watchdog Timer (core) or Debug Reset 3900 17500
SWTR System Software Watchdog Reset 4900 18500
LCR Loss of Clock Reset 5400 19000
SSR SIU Software External Reset 5900 19500
SER SIU Software System Reset 6400 20000
4.4 FMPLL lock gating signal

The FMPLL Loss of Lock reset request is connected to both a reset request and a reset
gating signal in the SIU. The FMPLL asserts the Loss of Lock reset request until the PLL
has achieved lock.

4.5 Reset source descriptions

For the following reset source descriptions refer to the reset flow diagrams in Figure 2 and
Figure 3. Figure 2 shows the reset flow for assertion of the RESET pin. Figure 3 shows the
internal processing of reset for all reset sources.
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Figure 2.
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NOTES:

1. The clock count CNT depends on the reset source and type of clock reference. Please refer to Table 9.

Figure 3. Internal reset flow diagram
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Power-on reset (POR)

The internal power-on reset signal is asserted when either the supply voltages, nominally
3.3Vor 1.2V orthe RESET supply (VDDEH®6a) fall below defined values. See the device
data sheet for the threshold specifications of these voltages. The output signals from the
power-on reset circuits are active low signals. All power-on reset output signals are
combined into one POR signal at the 1.2 V level and input to the reset controller. Although
assertion of the power-on reset signal causes reset, the RESET pin must be asserted
during a power-on reset to guarantee proper operation of the MCU.

The PLLREF pin determines the source of reference clock, either crystal or external, at the
negation of RSTOUT. During the assertion of RSTOUT, the system clock will switch to the
input specified by the PLLREF pin. The value on the PLLREF pin must be kept constant
during reset to avoid transients in the system clock. See Section 16.2.3, Modes of
operation, for more details.

The signal on the WKPCFG pin determines whether weak pull up or pull down devices are
enabled after reset on the eTPU and eMIOS pins. The WKPCFG pin is applied on the
assertion of the internal reset signal (assertion of RSTOUT). See Section 4.7.3, Reset weak
pull up/down configuration for more information.

Once a power-on-reset is triggered, if the clock reference is the crystal (PLLREF = 1), then
the clock to the whole chip, including the reset state machine, is kept frozen until the Clock
Quality Monitor detects that the crystal oscillator has already stabilized. If the clock
reference is external (PLLREF = 0) the clock is released to the system immediately. When
the clock is stable and released to the chip, the reset controller counts a predetermined
number of clock cycles (refer to Section 4.3.2, RSTOUT) before negating the RSTOUT pin.
The WKPCFG and BOOTCFG[0:1] pins are sampled four clock cycles before the negation
of RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In addition,
SIU_RSR[PORS] and SIU_RSR[ERS] are set, and all other reset status bits are cleared in
the SIU_RSR.

External reset

When the reset controller detects assertion of the RESET pin, the internal reset signal and
RSTOUT pin are asserted. The values on the WKPCFG pin and PLLCFG pins are applied
at the assertion of the internal reset signal (assertion of RSTOUT). Once the RESET pin is
negated and the FMPLL Loss of Lock reset request signal is negated, the reset controller
waits for a predetermined number of clock cycles (refer to Section 4.3.2, RSTOUT). Once
the clock count finishes, the reset configuration pins are latched. The reset controller then
waits four clock cycles before negating RSTOUT, and the associated bits/fields are updated
in the SIU_RSR. In addition, SIU_RSR[ERS] is set, and all other reset status bits in the
SIU_RSR are cleared.

Loss of lock

A Loss of Lock Reset occurs when the FMPLL loses lock and the Loss of Lock Reset Enable
(LOLRE) bit in the FMPLL Synthesizer Control Register (SYNCR) is set. The internal reset
signal and RSTOUT pin are asserted. The value on the WKPCFG pin is applied at the
assertion of the internal reset signal (assertion of RSTOUT), as is the PLLREF value. Once
the FMPLL Loss of Lock reset request signal is negated, the reset controller waits for a
predetermined number of clock cycles (refer to Section 4.3.2, RSTOUT). Once the clock
count finishes, the WKPCFG and BOOTCFGJ0:1] pins are sampled. The reset controller
then waits four clock cycles before negating RSTOUT, and the associated bits/fields are
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updated in the SIU_RSR. In addition, SIU_RSR[LLRS] is set, and all other reset status bits
in the SIU_RSR are cleared. Refer to Section 16.5.3, Lock detection for more information on
loss of lock.

Loss of clock

A Loss of Clock Reset occurs when the Clock Quality Monitor Module (CQM) detects a
failure in either the reference signal or FMPLL output, and the Loss of Clock Reset Enable
(LOCRE) bit in the SYNCR is set. The internal reset sighal and RSTOUT pin are asserted.
The value on the WKPCFG pin is applied at the assertion of the internal reset signal
(assertion of RSTOUT), as is the PLLREF value. Once the Loss of Clock reset request
signals is negated, the reset controller waits for a predetermined number of clock cycles
(refer to Section 4.3.2, RSTOUT). Once the clock count finishes, the WKPCFG and
BOOTCFGJ0:1] pins are sampled. The reset controller then waits four clock cycles before
negating RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In addition,
SIU_RSR[LCRS] is set, and all other reset status bits in the SIU_RSR are cleared. Refer to
Section 16.5.3, Lock detection, for more information on loss of clock.

The CQM module, when enabled, can generate either a system reset or an interrupt signal
(refer to Section 16.5.4, Loss-of-clock detection for details).

Core watchdog timer/debug reset

There are two watchdog timer resets: A core watchdog and a platform watchdog.

A Core Watchdog Timer Reset occurs when the e200z4 core watchdog timer is enabled (the
€200z4 core watchdog is counting core clocks, which is different than the
peripheral/platform clocks), and a time-out occurs with the Enable Next Watchdog Timer
(EWT) and Watchdog Timer Interrupt Status (WIS) bits set in the Timer Status Register, and
with the Watchdog Reset Control (WRC) field in the Timer Control Register configured for a
reset. SIU_RSR[WDRS] is also set when a debug reset command is issued from a debug
tool. To determine whether SIU_RSR[WDRS] was set due to a Watchdog Timer or Debug
Reset, see the WRS field in the e200z4 core Timer Status Register.

The effect of a Watchdog Timer or Debug Reset request is the same for the reset controller.
The internal reset signal and RSTOUT pin are asserted. The value on the WKPCFG pin is
applied at the assertion of the internal reset signal (assertion of RSTOUT), as is the
PLLREF value. Once the Watchdog Timer/Debug reset request is negated and the FMPLL
Loss of Lock reset request signal is negated, the reset controller waits for a predetermined
number of clock cycles (refer to Section 4.3.2, RSTOUT). Once the clock count finishes the
reset configuration pins are sampled. The reset controller then waits four clock cycles
before negating RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In
addition, SIU_RSR[WDRS] is set, and all other reset status bits in the SIU_RSR are
cleared.

Refer to the e200z4 Power Architecture® Core Reference Manual for descriptions of the
Timer Status Register and Timer Control Register, as for more information on the core
watchdog timer and debug operation.Refer to Chapter 19: Software Watchdog Timer
(SWT), for more information on the platform watchdog.

JTAG reset

A system reset occurs when JTAG is enabled and either the EXTEST, CLAMP, or HIGHZ
instructions are executed by the JTAG controller. The internal reset signal is asserted. The
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state of the RSTOUT pin is determined by the JTAG instruction. The value on the WKPCFG
pin is applied at the assertion of the internal reset signal, as is the PLLREF value. After the
JTAG reset request is negated, the reset controller waits for a predetermined number of
clock cycles (refer to Section 4.3.2, RSTOUT). Once the clock count finishes the WKPCFG
and BOOTCFGJO0:1] pins are sampled, and the associated bits/fields are updated in the
SIU_RSR. The reset status bits in the SIU_RSR are unaffected. Refer to Chapter 33: JTAG
Controller (JTAGC), for more information.

Software system reset

A Software System Reset is caused by a write to field SIU_SRCR[SSR]; see Section 15.6.5,
System Reset Control Register (SIU_SRCR). A write of ‘1’ to SIU_SRCR[SSR] causes an
internal reset of the MCU. The internal reset signal and RSTOUT pin are asserted. The
value on the WKPCFG pin is applied at the assertion of the internal reset signal (assertion
of RSTOUT), as is the PLLREF value. SIU_SRCR[SSR] is automatically cleared and the
reset controller waits for a predetermined number of clock cycles (refer to Section 4.3.2,
RSTOUT). Once the clock count finishes the WKPCFG and BOOTCFG[0:1] pins are
sampled. The reset controller then waits four clock cycles before negating RSTOUT, and the
associated bits/fields are updated in the SIU_RSR. In addition, SIU_RSR[SSRS] is set, and
all other reset status bits in the SIU_RSR are cleared.

Software external reset

A write of ‘1" to field SIU_SRCR[SER] causes the external RSTOUT pin to be asserted for a
predetermined number of clock cycles (refer to Section 4.3.2, RSTOUT). SIU_SRCR[SER]
automatically clears after the clock counting expires. A Software External Reset does not
cause a reset of the MCU, the BAM program is not executed, the PLLREF, BOOTCFG, and
WKPCFG pins are not sampled. Field SIU_RSR[SERF] is set, but no other status bits are
affected. SIU_RSR[SERF] is not automatically cleared and remains set until cleared by
software or another reset besides the Software External Reset occurs.

For a Software External Reset, the e200z4 core will continue to execute instructions, timers
that are enabled will continue to operate, and interrupt requests will continue to be
processed. The application must ensure that devices connected to RSTOUT are not
accessed during a Software External Reset, and it must determine how to manage MCU
resources when using the Software External Reset.

Reset registers in the SIU

The System Integration Unit (SIU) on this device includes two registers, SIU_RSR and
SIU_SRCR, that affect the reset behavior of this device. See Chapter 15: System
Integration Unit (SIU), for descriptions of these registers.

Reset configuration

Reset configuration half word (RCHW)

RCHW overview

The Reset Configuration Half Word (RCHW) defines boot options and must be programmed
in a choice of predefined locations in internal flash. The word at the word address boundary
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after the RCHW must be programmed with the user application’s starting address. The BAM
passes control to the user application at this starting address.

On every reset except the Software External Reset (SER), in internal or external boot
modes, the BAM attempts to read the RCHW from internal or external memory respectively.
The locations for the RCHW are given in Table 10. For internal boot, the predefined
locations are searched in the order given in the table. If a valid RCHW is not found in
internal boot mode or in external boot mode, the BAM initiates the serial boot mode. Note
that in serial boot mode, a user defined start address must still be supplied as part of the
download protocol. Refer to the BAM Chapter for complete details.

Table 10. RCHW location

Boot mode Address

External 0x0000_0000

0x0000_0000
0x0000_4000
0x0001_0000
0x0001_C000
0x0002_0000
0x0003_0000

Internal

RCHW structure
When booting from the external flash device, the RCHW must reside in the first 16 bits of
memory.

Figure 4. Reset Configuration Half Word

BOOT_BLOCK_ADDRESS + 0x0000_0000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
| | | | |SWT|WTE| PSO | VLE| o | 1 | 0 | 1 | 1 | 0 | 1 | 0
Boot Identifier = 0x5A

Table 11. Reset Configuration Half Word (RCHW) field descriptions

Field Description

Reserved

0-3
These bit values are ignored when the halfword is read. Program to 0 for future compatibility.

Software watchdog timer enable
This bit determines if the software watchdog timer is enabled after passing control to the user
SWT application code.

0 Disable software watchdog timer
1 Enable software watchdog timer after reset. The timeout period is 261,600 system clocks.

MCU core watchdog timer enable
This bit determines if the core software watchdog timer is enabled.after passing control to the user
WTE application code.

0 Disable core software watchdog timer
1 Enable core watchdog timer after reset. The timeout period is 2.5%217 system clocks.
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Table 11. Reset Configuration Half Word (RCHW) field descriptions
Field Description
Port size
Defines the width of the data bus connected to the memory on D_CSO0. After system reset, the
BAM changes D_CSO0 to a 16-hit port to fetch the RCHW from either 16- or 32-hit external
PSO memories. Then the BAM reconfigures the EBI as a 16- or 32-hit port, depending on this bit.
0 32-hit D_CSO0 port size
1 16-bit D_CSO port size
Used in development bus boot modes only (not available on all packages). Do not clear this bit if the device
only has a 16-bit data bus.
VLE Code Indicator
This bit configures the MMU entries 1-3 coded as Power Architecture embedded category
VLE instructions or as VLE instructions.
0 User code executes as classic Book E code
1 User code executes as VLE code
Boot identifier
This field serves two functions:
BOOTID . . . .
— Indicates which block in flash memory contains the boot program
— Indicates if the flash memory is programmed (BOOTID=0x5A) or invalid
When enabled by RCHW[SWT, WTE] bits, the watchdog timeout periods are as shown in
Table 12.
Note the following:
e The SWT clock source is directly from the crystal oscillator. The core WD is clocked by
the PLL.
e The core WD timeouts reported here correspond to the PLL settings after reset. Core
WD timeouts will change as soon as the PLL is programmed with different multipliers.
Table 12. Watchdog timeout periods
Crystal frequency (MHz) | Core WD timeout® (ms) SWT timeout®@ (ms)
8 40.1 32.7
12 27.3 21.8
16 20.5 16.35
20 16.4 13.08
40 8.2 6.54
1. 327,680 system clocks
2. 261,600 system clocks
4.7.2 Reset configuration timing
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The timing diagram in Figure 5 shows the sampling of the BOOTCFGJ0:1], WKPCFG, and
PLLREF pin for a power-on reset. The timing diagram is also valid for internal/external
resets assuming that VDD and VRC33 are within valid operating ranges. The value of the
PLLREF pin is latched at the negation of the RSTOUT pin. The value of the WKPCFG signal
is applied at the assertion of the internal reset signal (assertion of RSTOUT). The values of
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the WKPCFG and BOOTCFGJ0:1] pins are latched four clock cycles before the negation of
the RSTOUT pin and stored in the SIU_RSR.

VDD
POR 1 [ .
o |
RESET ><><>§><> | / :
| 1
|
Internal | :4— CNT? clock cycles —»l
Reset '

XX\ :

|
[ (4 clock cycles)—p

PLL

-
|
|
|
1

NOTE:

L

PLLREF is | PLLREF and WKPCFG
‘Don’t Care’ and WKPCFG is |<—

treated as ‘1’ during POR assertion. ,

1. The clock count CNT depends on the reset source and type of clock reference. Please refer to Table 9.

User drives XTAL Clock Ready
config pins relative

to RSTOUT

|
|

| |
| | !

Cr)'(stal ﬂl)owering up or acquiring lock !

| | T
| | !
| | !
| | !
| | !
| | !

I [

I [

I [

I
I
T
I
I
I
|
I
I
I
I
I
I
I
I
I
I
1 I
I I

» | WKPCFG, PLLREF,
are applied, but not latched. | BOOTCFG[0:1]

4.7.3

Figure 5. Reset configuration timing

Reset weak pull up/down configuration

The signal on the WKPCFG pin determines whether specified eTPU and eMIOS pins are
connected to weak pull up or weak pull down devices at reset (see the Signal Description
chapter for the eTPU and eMIOS pins that are affected by WKPCFG). For all reset sources
except the Software External Reset, the WKPCFG pin is applied at the assertion of the
internal reset signal (assertion of RSTOUT). If the WKPCFG signal is logic high at this time,
pull up devices will be enabled on the eTPU and eMIOS pins. If the WKPCFG signal is logic
low at the assertion of the internal reset signal, pull down devices will be enabled on those
pins. The value on WKPCFG must be held constant during reset to avoid oscillations on the
eTPU and eMIOS pins caused by switching pull up/down states. The final value of
WKPCEFG is latched four clock cycles before the negation of RSTOUT. After reset, software
may modify the weak pull up/down selection for all I/O pins through the PCR registers in the
SIU.
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Operating Modes and Clocking

Overview

This section gives a brief overview of the operating modes of this device.

Modes of operation

Normal mode

Normal Mode is the functional mode of this device.

Debug mode

Debug Mode provides access to powerful debugging and development features of this
device. The debug and development features are distributed between Nexus blocks in the
€200z4 core, eDMA and the eTPU, and some of the peripheral modules. The Nexus debug
and development features are described in Chapter 34: Nexus Port Controller (NPC).

The peripheral blocks that implement Debug Mode are:

e DSPI B, DSPIC, DSPID

e FIexCAN A, FlexCAN B, FlexCAN C

° eMIOS

e eQADC

e eTPU (referenced as Halt State in Chapter 22: Enhanced Time Processing Unit
(eTPU2))

See the “Modes of Operation” section of the individual module for a description of how the
Debug Mode affects the behavior of the module.

Low power modes

This device can be configured such that the clock to some or all of the modules can be
stopped to reduce the power consumption. A tiered approach towards clock gating is
implemented. In the first tier (Module Disable mode) some modules can be configured to
stop the clock to the non-memory mapped registers within the module. In the second tier
(Module Halt mode) the clock to each of the modules, including the CPU, can be completely
stopped.

Module disable mode

Module Disable Mode is a low-power mode supported by some of the modules on this
device, in which the clock to the non-memory mapped registers within the module is gated-
off. Table 14 lists the modules that support Module Disable Mode. The register and bit in
each module that must be written to enter or exit this mode are also listed. See the “Modes
of Operation” section of the individual module for a description of how the Module Disable
Mode affects the behavior of the module.

4
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Module halt mode

Module Halt mode is a low power mode in which the clock to all registers within each
module can be completely halted. The control of the clock gating is centralized in the
SIU_HLT register, which has one control bit for each module to be halted. The CPU itself
can also be halted.

Standby mode

In this mode, the power is removed from all functions except the standby RAM. Standby
mode is entered by removing all power supplies except the one on the VSTBY pin. The
device is recovered from the standby mode when powered again; see Chapter 4: Resets for
more information.

Clock architecture

The following sections detail the SPC564A70 clocking architecture.

Overview

This section describes different sources for the system clocks. The SPC564A70 clocking
architecture consists of the following:

e On-chip MHz oscillator: Range (4-40 MHZz)

e Relaxation oscillator (RCOSC): 16 MHz

e Phase-locked loop (PLL): VCO range (256-512 MHz)

e PLLREF top level pin to control PLL reference

e Clock quality monitor

e System Clock Divider (SYSDIV) used to further reduce the system clock frequency
e Register to control system clock source and programming of PLL parameter

e Clock gating for individual modules controlled by either SIU_HLT register or module’s
MDIS register bit
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5.3.2 Block diagram

clkefg[0] bypass_sysdiv

siu_system_div[1:0]

EXTAL
T . 1
. CLKIN SYSDIV
- , |
L XTAL _ XTALOSC FMPLL PHI 12,14,18,116 | o stem
clock
@ PLLREF IDF NDIV ODF PD Lock

Control & Status Registers

loss of loss of
VCO Reference

RCOSC
Clock Quality Monitor
(CQm)

Figure 6. System clock diagram

CLKIN [ PHI
/IDF PFD —®  Charge pump > VCO

gl LOw Pass Filter

A

FM
B~ Controller EMPLL

Figure 7. FMPLL

5.3.3 System clock sources
The on-chip MHz oscillator, PLL and the top level pin are the possible sources of system
clock. The system clock can be generated using any of the following options:
e PLL disabled
—  MHz crystal oscillator with crystal as the reference
—  MHz crystal oscillator bypassed
e PLL enabled

—  MHz crystal oscillator (with crystal as the reference) output used as PLL reference
frequency

—  MHz crystal oscillator (bypassed) output used as PLL reference frequency
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Upon Reset, the system clock source is the oscillator clock with either crystal as reference
or bypassed based on the PLLREF pin value driven during system reset.

Please note the following:

1.
2.

3.

RCOSC is never used as a source of system clock.

PHI1 output from PLL is never used as a source of system clock. It is used as one of
the clock sources for the FlexRay module.

See the FMPLL chapter for details on FMPLL operation.

Support for 150 MHz system clock generation

The oscillator and PLL support generation of a 150 MHz system clock while using the
40 MHz crystal required for FlexRay operation. A possible PLL configuration is shown
below:

Input clock (crystal frequency): 40 MHz

EPREDIV/IDF divider = /8 (1-15 range supported)
EMFD/NDIV loop divider = 60 (32—-96 supported)

VCO clock out = 300 MHz (256-512 MHz range supported)
ERFD/ODF output divider = /2 (/2, /4, I8, /16 supported)
SYSDIV divider =/1 (/1, /2, /14, 18, /16 supported)

System clock = 150 MHz

Support for 100 MHz system clock generation

The oscillator and PLL support generation of a 100 MHz system clock while using the
40 MHz crystal required fro FlexRay operation. A possible PLL configuration is shown
below:

Input clock (crystal frequency): 40 MHz

EPREDIV/IDF divider = /8 (1-15 range supported)
EMFD/NDIV loop divider = 80 (32—-96 supported)

VCO clock out = 400 MHz (256-512 MHz range supported)
ERFD/ODF output divider = /4 (/2, /4, I8, /16 supported)
SYSDIV divider = /1 (/1, /2, /4, /8, /16 supported)

System clock = 100 MHz

Support for FlexRay operation

The SPC564A70 MCU supports generation of the clock signals needed for the operation of
the FlexRay module. Two options are supported for the generation of the FlexRay clock:

If the PLL is used with Frequency Modulation enabled, a 40 MHz crystal or external
clock source must be used to supply the FlexRay clock.

If the PLL is configured to generate a 120 MHz system clock without Frequency
Modulation, then the FlexRay module can be clocked from the system clock, allowing
the use of other crystal frequencies. In this mode of operation, the VCO frequency
would be 480 MHz (256-512 MHz VCO range supported) with the /4 output divider to
achieve 120 MHz system clock. The VCO/6 (80 MHz) output from PLL(PHI1) would be
selected as the clock source for FlexRay by configuration of the MCF[CLKSEL] control
bit on the FlexRay module.
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5.3.4

Table 13.

Support for CAN interface operation

The FlexCAN modules have two distinct software controlled clock domains. One of the clock
domains is always derived from the system clock. This clock domain includes the message
buffer logic.

The source for the second clock domain can be either the system clock or a direct feed from
the crystal oscillator pin. The logic in the second clock domain controls the CAN interface
pins. Field FlexCAN_CR[CLKSRC] selects between the system clock and the on-chip MHz
oscillator clock as the clock source for the second domain. Selecting the oscillator as the
clock source ensures very low jitter on the CAN bus.

Software can gate both clocks by writing to FlexCAN_MCR[MDIS] or by writing to the
SIU_HLT register.

FMPLL modes of operation

Upon reset, the FMPLL operational mode is bypass with PLL running, and the source of the
reference clock, either the crystal oscillator or external clock, is determined by the state of
the CLKCFGJ2] bit of the FMPLL_ESYNCRLI register. The reset state of this bit comes from
an external signal to the module connected to a package pin called PLLREF. After reset, a
different operational mode can be selected by writing to FMPLL_ESYNCRI1[CLKCFG]. The
available modes are specified in Table 13.

Clock Mode Selection

CLKCFG[0] | CLKCFG[1]® | cLKCFG[2]@
(Bypass)

Clock mode
(PLL enable) (Clock source)

0

0 0 Bypass mode with external reference and PLL off

Bypass mode with crystal reference and PLL off

Bypass mode with external reference and PLL running

Bypass mode with crystal reference and PLL running

Reserved

0
0
0
1
1
1

1
0
1
0 Reserved
1
0

Normal mode with external reference

1

Rr|lkRr|lo|lo|rRr|R|O

1 Normal mode with crystal reference

1. CLKCFGI[1] is not writable to zero while CLKCFG[0]=1.
2. The reset state of this bit is determined by the logical state applied to the PLLREF pin.

135/1616

The reset state of the FMPLL is enabled with the pre-divider set such that it inhibits the clock
to the PLL Phase detector, making the VCO run within its free-running frequency range of
25 MHz to 125 MHz, unconnected from the system clock (since bypass is the default mode
at reset). If using crystal reference, after power-on reset the Clock Quality Monitor (CQM)
inhibits the system clock and keep system reset asserted while the crystal oscillator has not
stabilized. The PLLREF pin must be kept stable during the whole period while system reset
is asserted.

4

Doc ID 18132 Rev 3




RM0068

Operating Modes and Clocking

Bypass mode with crystal reference

In the bypass mode with crystal reference, the FMPLL is completely bypassed and the
system clock is driven from the crystal oscillator. The user must supply a crystal that is
within the appropriate frequency range, the crystal manufacturer recommended external
support circuitry, and short signal route from the MCU to the crystal.

In bypass mode the PLL itself may or may not be running, depending on the state of the
CLKCFGJ1] bit of the FMPLL_ESYNCRL1 register, but the PLL output is not connected to the
system clock. Consequently, frequency modulation is not available. The pre-divider is also
bypassed, but the system clock divider (SYSDIV) can be used to reduce the system clock
frequency. The system clock divider can be programmed by writing to SIU_
SYSDIV[SYSDIV].

Bypass mode with crystal reference is the default mode at reset if the PLLREF pin is driven
high. After reset, this mode can be entered by programming FMPLL_ESYNCR1[CLKCFG]
as shown in Table 13.

clkefg[0]

bypass_sysdiv
N siu_system_div[1:0]

. 2 I_ 1 o
. — CLKIN SYSDIV
[ ] XTAL OSC =m0 FMPLL " J L =

12,14, 18,116

N XTAL system
clock
% PLLREF IDF  NDIV ODF PD Lock

Control & Status Registers

loss of loss of
VCO Reference

RCOSC
Clock Quality Monitor
(cQm)

Figure 8. Bypass mode with crystal reference

Bypass mode with external reference

The bypass mode with external reference functions the same as bypass mode with crystal

reference, except that the system clock is driven by an external clock generator connected
to the EXTAL pin, rather than a crystal oscillator. The input frequency range is the same and
frequency modulation is not available.

Bypass mode with external reference is the default mode at reset if the PLLREF pin is driven
low. After reset, this mode can be entered by programming FMPLL_ESYNCR1[CLKCFG] as
shown in Table 13.
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Note:
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clkcfg[0] bypass_sysdiv

siu_system_div[1:0]

EXTAL |

XTAL PH 12,14, 18,116

@PLLREF IDF NDIV ODF PD Lock

XTAL 0SC CLKIN FMPLL SYSDIV .

system
clock

Y

Control & Status Registers
loss of loss of
VCO Reference

RCOSC
Clock Quality Monitor
(CQm)

Figure 9. Bypass mode with external reference

Normal mode with crystal reference

In the normal mode with crystal reference, the FMPLL receives an input clock frequency
from the crystal oscillator and the pre-divider, and multiplies the frequency to create the
FMPLL output clock. The user must supply a crystal that is within the appropriate frequency
range, the crystal manufacturer recommended external support circuitry, and short signal
route from the MCU to the crystal.

In normal mode with crystal reference, the FMPLL can generate a frequency-modulated
clock or a non-modulated clock (locked on a single frequency). The modulation rate,
modulation depth, output divider (RFD) and whether the FMPLL is modulating or not can be
programmed by writing to the FMPLL registers. The system clock divider (SYSDIV) can also
be used to further reduce the system clock frequency in addition to the FMPLL output
divider. The system clock divider can be programmed by writing to SIU_SYSDIV[SYSDIV].
See Section 15.6.31, System Clock Register (SIU_SYSDIV) for details.

The PLL output frequency (before the system clock divider) must not exceed the maximum
device operating frequency. Therefore, when operating at the maximum operating
frequency, the only division factor allowed in the system clock divider is divide-by-1.

4
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clkefg[0] bypass_sysdiv
siu_system_div[1:0]
EXTAL
SFL
SYSDIV
L XTAL OSC Bt
______ @& /2, 14,18, 116 system
clocl
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Figure 10. Normal Mode with Crystal Reference

Normal mode with external reference

The normal mode with external reference functions the same as normal mode with crystal
reference, except that the input clock reference to the FMPLL is driven by an external clock
generator connected to the EXTAL pin, rather than a crystal oscillator. The input frequency
range is the same and frequency modulation is available.

clkefg[O]

bypass_sysdiv

siu_system_div[1:0]

EXTAL 1
svsov | g
TXTAL XTAL OSC —o0 12,14,18,116 "
cl):)ck
@ PLLREF
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Clock Quality Monitor
(CQm)

Figure 11. Normal Mode with External Reference

Software controlled power management

Software controlled power management and clock gating is supported on a peripheral by
peripheral basis, using a three tiered approach. The first tier is a clock gating feature
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implemented in some of the IP modules, which allows software to disable the non-memory-
mapped portions of the modules by setting the module disable (MDIS(C)) bits in the registers
within the modules. The second tier is provided by the SIU_HLT register, which can be used
to halt the clock of both memory-mapped and non-memory-mapped portions of each
module. The third tier is provided by the WAIT instruction of the Power Architecture
instruction set, which controls the clock gating of the CPU itself. Figure 12 illustrates how
the MDIS and halt bits affect the clocks to the modules.

IP
ips_module_en ﬂ system_clk 3 Memory mapped registers
system_clk o —
—/ —O A syptem_clk_enable
SIU IP Inactive —/
) \ ipg_stop_ack
o ipg_stop )
»
» HLTACK
—\ system_clk Non memory mapped
—9 ) affected by MDIS
9 \ system_clk Non memory mapped,
J not affected by MDIS
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Figure 12. MDIS and halt clock gating

MDIS clock gating

The MDIS bit disables the clock to some or all of the non-memory-mapped registers of the
module. The memory-mapped portion of the modules are clocked by the system clock when
they are accessed.

When the NPC module is disabled by MDIS, the MCKO clock is disabled. Furthermore, the
NPC can be configured to disable the MCKO clock when there are no messages pending.

The flash memory array can be disabled by writing to a bit in the flash memory map.

The modules that implement the MDIS function are listed in Table 14, along with the
registers and bits that disable each module. The software controlled clocks are enabled
when the CPU comes out of reset.

c. For compatibility with legacy devices, the default value of MDIS bit is zero.

4
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Table 14. MDIS support(®

Block name Register name Bit name
DSPI_B DSPI_B_MCR MDIS
DSPI_C DSPI_C_MCR MDIS
DSPI_D DSPI_D_MCR MDIS

eTPU ETPUECR_1 MDIS

FlexCAN A FLEXCAN_A_MCR MDIS

FlexCAN B FLEXCAN_B_MCR MDIS

FlexCAN C FLEXCAN_C_MCR MDIS
eMIOS EMIOS_MCR MDIS
eSCI_A eSCI_A_SCICR3 MDIS
eSCI_B eSCI_B_SCICR3 MDIS
eSCl_C eSCI_C_SCICR3 MDIS

Decimation Filter DECFILTERMCR MDIS

Red Line Module TBD MDIS
NPC NPC_PCR MCKO_EN, MCKO_GT

Flash Memory Array FLASH_MCR STOP

1. The MDIS bit default reset value is zero.

Halt clock gating

Software controlled clock gating can be done via the centralized halt mechanism. The
SIU_HLT register bits corresponding to individual modules are configured to determine
which modules are clock gated.

The SIU_HLT register bits are used to drive a stop request signal to the modules. After the
module completes a clean shut down, the module asserts a stop acknowledge handshake
signal that is used to gate the clock to the module (see Figure 12). The stop acknowledge
signals are also captured in the SIU_HLTACK read-only register bits.

The halted modules recover when the corresponding SIU_HLT register bit is cleared by
software. Once the bit is cleared, logic will re-enable the clocks to the modules and then
negate the stop request signal after the required timing has been met.

CPU clock gating

The SIU_HLT register has a bit to halt the clock to the CPU, but in order to prevent
accidental CPU halting, a stop request is only activated if the CPU is in wait state due to the
execution of the WAIT instruction.

Note: To gate the CPU clock you need to first program the SIU_HLT register bit assigned for CPU
and then execute the CPU WAIT instruction.

KYI Doc ID 18132 Rev 3 140/1616




Operating Modes and Clocking RM0068

Note:

141/1616

The CPU recovers from the halted state when one of the following events happens:

e Avalid pending interrupt is detected by the core

e Arequest to enter debug mode is made by setting the DR bit in the OnCE control
register (OCR)

e The processor is in a debug session

e Arequestto enable the CPU clock input has been made by setting the WKUP bit in the
OCR

When one of these events is detected, the CPU asserts an asynchronous output signal that
re-enables the clock to the CPU so that it can exit the stopped state. Typically, the wake-up
interrupt request will come from one of three sources: periodic interval timer (PIT) interrupt,
external pin interrupt or CAN wake-up interrupt.

When the clock to the CPU is gated, the clocks to the platform, the system RAM and the
flash memory are also gated. The platform logic includes the cross-bar, peripheral bridge,
DMA and flash memory controller. Note that the interrupt controller (INTC) and the SIU are
not clock gated to allow interrupts to be used to recover the CPU halt state.

Clock dividers

The MCU provides five clock dividers:

e System Clock Divider (SYSDIV)

e Calibration Bus Clock Divider (CLKOUT-DIV)
e Nexus Message Clock Divider (MCKO-DIV)
e Engineering Clock Divider (ENGDIV)

e FlexCAN clock divider (CAN2:1)

System Clock Divider (SYSDIV)

The system clock divider is placed right at the output of the system clock mux (selection
between FMPLL and the crystal clock) and before the clock is used by any other circuits,
including the other clock dividers. It affects the clock in both normal mode and bypass mode.
The system clock divider can be programmed to divide by 1, 2, 4, 8, or 16 depending on the
values of fields BYPASS and SYSCLKDIV in the SIU_SYSDIV register.

SIU_SYSDIV[BYPASS] determines whether or not the system clock divider is bypassed.
The SIU_SYSDIV[BYPASS] reset value ‘1’ causes the system clock divider to be bypassed
and results in a divide-by-1 reset configuration of the system clock divider. Only if the
SIU_SYSDIV[BYPASS] value is ‘0’ can field SIU_SYSDIV[SYSCLKDIV] be programmed to
divide by 2, 4, 8, or 16.

External Bus Clock (CLKOUT)

The calibration bus clock (CLKOUT) divider can be programmed to divide the system clock
by one, two or four based on the settings of the EBDF field in the SIU external clock control
register (SIU_ECCR). The reset value of SIU_ECCR[EBDF] selects a CLKOUT frequency of
one half of the system clock frequency. The calibration bus supports gating of the CLKOUT
signal when there are no external bus accesses in progress.

The hold time for external bus pins can be changed by writing to SIU_ECCR[EBTS]
(external bus tap select bit).

The CLKOUT pin is only available in the 324-pin package.

4
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Nexus Message Clock (MCKO)

The Nexus message clock (MCKO) divider can be programmed to divide the system clock
by two, four or eight based on the MCKO_DIV field in the port configuration register (PCR) in
the Nexus port controller (NPC). The reset value of NPC_PCR[MCKO_DIV] selects an
MCKO clock frequency one half of the system clock frequency. The MCKO divider is
configured by writing to the NPC through the JTAG port.

Engineering Clock Divider (ENGDIV)

The engineering clock divider (ENGDIV) can be programmed to divide system clock. This
clock is mainly used to clock some ASIC devices integrated on the board. There is no timing
relation of this clock with respect to any other clock in the design.

Refer to Section 15.6.26: External Clock Control Register (SIU_ECCR) for ENGDIV register
bit programming.

FlexCAN Clock Divider (CAN2:1)

The FlexCAN module has the ability to run from the system clock. It is possible, at the input
to the FlexCAN module, to perform a divide-by-1 or a divide-by-2 division of the system
clock.

This FlexCAN system clock divider can be programmed by configuring the FlexCAN2:1
mode bit (field SIU_SYSDIV[CAN_SRC]). The reset value is to divide-by-1.

The FlexCAN module does not support a divide-by-1 of the system clock above a certain
frequency, defined in the devicedatasheet. When running at maximum system frequency
this setting will have to be adjusted from its default value.
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Device Performance Optimization

Introduction

The SPC564A70 contains several features that can influence the overall level of
performance provided by the device.

Some of these features may be initialized upon negation of reset either by a software
program called the Boot Assist Module (BAM), by a hardware state machine or by
appropriate default register settings. Although the device exits the reset state into a
functional state it does not necessarily have the default optimum performance settings for
any given application.

This chapter provides guidance for users to fully optimize their application to achieve the
highest possible performance from the SPC564A70. It provides a description of the areas
that should be focused on when optimizing an application for performance by describing the
features and recommending settings to be applied. It focuses on hardware configurations
although certain aspects of the application software such as compiler settings and
optimizations will be discussed.

Features

The SPC564A70 has the following hardware features that can be configured to impact the
overall performance of the device:

e Branch Prediction
—  Branch Target Buffer
—  Branch Prediction Control

e Frequency-modulated PLL

e Flash Bus Interface Unit
— Flash access wait state and address pipelining control
—  Flash instruction prefetching
—  Flash data prefetching

e Crossbhar switch

e System Cache
— Instruction Cache

e Memory Management Unit

Further application level features can impact the application performance:
e Hardware Single Precision Floating point

e Signal Processing Extension (SPE-APU)

e Variable Length Encoding (VLE)

e Compiler optimizations

4
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Further factors that impact the overall application performance are the use of the intelligent
peripherals:

e Use of DMA rather than CPU to transfer data efficiently

e Use of DMA service requests rather than CPU interrupts to avoid software polling

e Off-loading tasks from the CPU to the eTPU2 or eDMA

e Careful allocation of cache usage for code and data ranges, particularly when using
with external memories.

Different items in this list will have different performance impacts in a real system. Features

like the system cache, the FMPLL and the flash access times tend to provide the most

significant performance impacts in terms of hardware settings.

The subsequent sections in this chapter describe how to configure and use these features.

6.3 Configuring hardware features

6.3.1 Branch target buffer (BTB)

Description

To resolve branch instructions and improve the accuracy of branch predictions the e200z4
core implements a dynamic branch prediction mechanism using a branch target buffer
(BTB), a fully associative address cache of branch target addresses. Its purpose is to
accelerate the execution of software loops with some potential change of flow within the
loop body. In addition, the BTB on the €200z4 has a subroutine call stack that speeds up
indirect branches.

Recommended configuration

By default, this BTB is disabled following negation of reset. It is controlled by the Branch Unit
Control and Status Register (BUCSR). The BTB’s contents should be flushed and
invalidated by writing BUCSR[BBFI] = 1, and it may be enabled by subsequently writing
BUCSR[BPEN] = 1.

Additional control is available in BUCSR[BPRED] and BUCSR[BALLOC] to control whether
forward or backward branches (or both) are candidates for entry into the BTB, and thus for
branch prediction. By default the BUCSR[BPRED] and BUCSR[BALLOC] fields are set to
0b00, which enables forward and backward branch prediction. It is recommended to not
disable branch prediction although for extremely fine tuning of a given application the
optimum setting of BUCSR[BPRED] and BUCSR[BALLOC] should be assessed.

Figure 13. Branch Unit Control and Status Register (BUCSR)
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o
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BPEN
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SPR - 1013; Read/Write; Reset - 0x0
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Table 15. BUCSR field descriptions

Field Description
Branch target buffer flash invalidate

BBEI When set, BBFI flash clears the valid bit of all BTB entries; clearing occurs regardless of the value of
the enable bit (BPEN).
Note: BBFlI is always read as 0.
Branch Target Buffer Allocation Control
00: Branch Target Buffer allocation for all branches is enabled.
01: Branch Target Buffer allocation is disabled for backward branches.

BALLOC 10: Branch Target Buffer allocation is disabled for forward branches.

11: Branch Target Buffer allocation is disabled for both branch directions.
This field controls BTB allocation for branch acceleration when BPEN = 1. Note that BTB hits are not
affected by the settings of this field. Note that for branches with AA = ‘1", the MSB of the displacement
field is still used to indicate forward/backward, even though the branch is absolute.
Branch Prediction Control (Static)
00: Branch predicted taken on BTB miss for all branches.
01: Branch predicted taken on BTB miss only for forward branches.
10: Branch predicted taken on BTB miss only for backward branches.
11: Branch predicted not taken on BTB miss for both branch directions.

BPRED | This field controls operation of static prediction mechanism on a BTB miss. Unless disabled, fetching
of the predicted target location will be performed for branch acceleration. BPRED operates
independently of BPEN, and with a BPEN setting of 0, will be used to perform static prediction of all
unresolved branches.

Note that BTB hits are not affected by the settings of this field. Note that for certain applications,
setting BPRED to a non-default value may result in improved performance.
Branch target buffer (BTB) enable
BPEN 0: BTB prediction disabled. No hits are generated from the BTB and no new entries are allocated.

Entries are not automatically invalidated when BPEN is cleared; BBFI controls entry invalidation.
1: BTB prediction enabled (enables BTB to predict branches).
Further details of the BUCSR can be found in the e200z4 Power Architecture® Core
Reference Manual.

6.3.2 Frequency-modulated PLL
Description
The frequency-modulated phase-locked loop (FMPLL) allows the user to generate high
speed system clocks from a crystal oscillator or external clock generator. Further, the
FMPLL supports programmable frequency modulation of the system clock. This module is
typically configured early in the initialization code to ensure satisfactory performance levels
are achieved.
Recommended configuration
The default operating frequency of the SPC564A70 device is 2 to 3 times the crystal
reference frequency depending on the state of the PLL configuration pins as reset negates.
Typically, the system frequency is increased shortly after reset negates to provide
acceptable performance. Chapter 16: Frequency-modulated phase locked loop (FMPLL),
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6.3.3

6.3.4

provides details on how the frequency-modulated phase-locked loop should be initialized in
an application. The maximum frequency of operation for this device is specified in the device
data sheet.

System performance cannot be linearly extrapolated with system frequency, as is often the
expectation. It is due to the insertion of additional Flash wait states as system frequency
increases that system performance does not scale linearly. Take care to ensure that the
correct internal and/or external Flash configuration is chosen for the selected system
frequency. The specific flash access times to be applied are detailed in Section , Bus
Interface Unit Configuration Register (BIUCR).

Flash bus interface unit

Description

The Flash Bus Interface Unit (FBIU) interfaces the system bus to the Flash memory array
controller. The FBIU contains prefetch buffers and a prefetch controller which, if enabled,
speculatively prefetches sequential lines of data from the Flash array into the buffer.
Prefetch buffer hits allow zero-wait state responses.

The Flash Bus Interface Configuration Registers (BIUCRX) control access to the internal
Flash array. Its settings define the number of cycles required to access the array, access
times, and how the prefetch buffering scheme operates.

Following negation of reset and execution of the BAM, the instruction and data prefetching is
disabled, and the number of cycles required to access the internal Flash array is set to its
maximum value of fifteen additional wait states.

Recommended configuration

As the operating frequency of the device is set by configuring the FMPLL (see Section 6.3.2,
Frequency-modulated PLL), the number of cycles required to access the internal array
should be configured accordingly. Note that the Flash BIUCRX registers cannot be altered
by code executing from the Flash array. Code for configuring the Flash should be executed
from a separate memory array i.e copied to and executed from system RAM.

Section , Bus Interface Unit Configuration Register (BIUCR), documents the register fields
used to configure flash wait state settings. The “Platform flash controller electrical
characteristics” section of the device data sheet contains the specific values for the flash
wait state settings for a given operating frequency. This also provides recommendations for
the prefetch buffer settings. Note that the BIUCRX settings may vary between revisions of
the SPC564A70.

Crossbar switch

Description

The multi-port crossbar switch (XBAR) supports simultaneous connections between master
ports and slave ports. The XBAR allows for concurrent transactions to occur from any
master port to any slave port. If a slave port is simultaneously requested by more than one
master port, arbitration logic selects the higher priority master and grants it ownership of the
slave port. All other masters requesting that slave port are stalled until the higher priority
master completes its transactions. By default, requesting masters are granted access based
on a fixed priority. A round-robin priority mode also is available.
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The main goal of the XBAR is to increase overall system performance by allowing multiple
masters to communicate concurrently with multiple slaves. In order to maximize data
throughput it is essential to keep arbitration delays to a minimum. The configuration of the
crossbar can have implications for the performance of a system and particular care should
be taken when assigning master priorities in a fixed priority application. Further, by correctly
parking saves on relevant masters the initial access times to the slaves can be minimized by
negating any initial arbitration penalties.

Recommended configuration

The specific settings for a given situation are application dependent and thus should be
assessed by the user. However, some general guidelines are available.

Optimal XBAR settings are application dependent, but in e200z4/7 (Harvard configuration)
based devices assigning the CPU data bus to have highest priority and parking the slave
port associated with system RAM on this master generally provides the best overall
performance.

To reconfigure the XBAR as described on the SPC564A70, write the following registers:

1. XBAR_SGPCR2 = 0x0000_0001. This parks slave 2 (internal SRAM) on master port 1
(CPU data bus).

2. Write XBAR_MPRO = 0x5432_0001. This sets slave port 0 (Flash) to give the master
port 1 (CPU data bus) highest priority.

On the e200z4 based devices it may also be beneficial to assign the eDMA to have highest
priority for the Flash slave port depending upon the application.

More details of the XBAR register configuration can be found in Section 9.2, XBAR
registers.

Cache

Description

The SPC564A70 provides an 8 KB Instruction, 2-way or 4-way set-associative, Harvard
cache design with a 32-byte line size. The cache is disabled by default when reset is
negated.

The cache improves system performance by providing low-latency instructions to the
€200z4 instruction pipelines, which decouples processor performance from system memory
performance. There are several stages to enabling the cache. Not only does the cache itself
have to be invalidated then enabled, but memory regions upon which it can operate must be
configured in the MMU to permit cache access.

Recommended configuration
The exact usage of cache is application dependent but some general guidelines for using
cache to improve performance in a typical application are listed below:

e Enable instruction cache for all internal and external memories that code is being
executed from.

e Consider locking critical performance routines in cache.

The process of enabling the instruction cache involves first invalidating the cache (by setting
L1CSRI1J[ICINV]) then when invalidation is completed (LLCSR1[ICINV, ICABT] = 0) enabling
the cache (by setting LICSR1[ICE]).
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The L1CSR1 special purpose register is detailed below.For further details of cache
configuration registers, refer to the e200z4 Power Architecture® Core Reference Manual.

Figure 14. L1 Cache Control and Status Register 1 (LICSR1)
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Table 16. L1CSR1 field descriptions
Field Description
ICECE |Instruction Cache Error Checking Enable
ICEI Instruction Cache Error Injection Enable
ICEDT | Instruction Cache Error Detection Type
ICUL Instruction Cache Unable to Lock
ICLO Instruction Cache Lock Overflow
ICLFC Instruction Cache Lock Bits Flash Clear
ICLOA |Instruction Cache Lock Overflow Allocate
ICEA Instruction Cache Error Action
Cache Organization
ICORG |0 The cache is organized as 64 sets and 2 ways
1 The cache is organized as 32 sets and 4 ways
Instruction Cache Operation Aborted
ICABT Indicates a Cache Invalidate or a Cache Lock Bits Flash Clear operation was aborted prior to
completion. This bit is set by hardware on an aborted condition, and will remain set until cleared by
software writing 0 to this bit location.
Instruction Cache Invalidate
0: No cache invalidate
1: Cache invalidation operation
When written to a ‘1’, a cache invalidation operation is initiated by hardware. Once complete, this bit is
reset to ‘0’. Writing a ‘1’ while an invalidation operation is in progress will result in an undefined
ICINV | operation. Writing a ‘0’ to this bit while an invalidation operation is in progress will be ignored. Cache
invalidation operations require approximately 36 cycles to complete. Invalidation occurs regardless of
the enable (ICE) value.
During cache invalidations, the parity check bits are written with a value dependent on the ICEDT
selection. ICEDT should be written with the desired value for subsequent cache operation when
ICINV is set to ‘1’ for proper operation of the cache.
Instruction Cache Enable
0: Cache is disabled
ICE 1: Cache is enabled

When disabled, cache lookups are not performed for instruction accesses.
Other L1CSRO cache control operations are still available.
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Note that configuration of the cache has to be performed in conjunction with configuration of
the Memory Management unit. Refer to section 6.3.6, Memory management unit (MMU).

6.3.6 Memory management unit (MMU)
Description
The Memory Management Unit is a 32-bit Power Architecture compliant implementation
which provides functionality that includes address translation and application of access
attributes to memory ranges defined in Translation Lookaside Buffer entries. Although the
MMU does not directly impact performance, it is within the MMU that memory regions are
configured to permit the use of system cache to improve performance and Variable Length
Encoding (VLE) to enhance code density. Thus it is essential that the MMU is correctly
configured to ensure optimal application performance is achieved.
Recommended configuration
The core uses MMU Assist Registers (MASX) which are special purpose registers to
facilitate reading, writing and searching the Translation Lookaside Buffer (TLB) entries.
These MAS registers are software managed by tlbre, tlbwe, tlbsx, tlbsync, and tlbivax
instructions. Refer to the core reference manual for full details of the MMU and its
configurations.
There are several MMU Assist Register registers (MAS0-3) that require configuring. Details
of these are provided in the e200z4 Power Architecture® Core Reference Manual.
Specifically, the MAS2 register contains the fields to control whether a specified memory
region described by the valid TLB Entry is cache inhibited or whether VLE encoding is valid.
Figure 15. MMU Assist Register 2 (MAS2)
L
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SPR - 626; Read/Write
Table 17. MAS2 field descriptions
Field Description
EPN Effective page number [0:21]
VLE
VLE 0: This page is a standard BookE page
1: This page is a VLE page
W Write-through required
Cache inhibited
I 0: This page is considered cacheable
1: This page is considered cache-inhibited
M Memory coherence required
Guarded
E Endianness
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Refer to the €200z4 Power Architecture® Core Reference Manual for further details of MMU
configuration registers.

6.4 Application software

6.4.1 Compiler optimizations
The most significant opportunity for influencing the performance of a given application is by
compiler and linker optimizations. Optimizing is a trade off between code size and
performance. Typically higher performance of the application comes at the expense of larger
code size. Compilers use a host of features, such as loop unrolling, function inlining, and
application profile feedback to make the desired trade-offs between enhanced performance
and minimized code size.

The data in Figure 16 shows the effects of compiler optimization on a simple application. In
this case, the Dhrystone benchmark was run under three conditions:
e Optimized for small code size
e Optimized for high performance
e A trade-off between code size and performance
Although this is an extreme example, it highlights how significant the role of the compiler and
linker is in determining the overall performance of an application.
Performance vs. Code Size
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Figure 16. Influence of compiler settings on application performance and code size
Note: Data measured using Dhrystone version 2.1 run on a Power Architecture based powertrain

device that uses a standard commercial compiler.

The compiler optimizations do not necessarily have to be applied to the entire application.
Analysis of an application can identify time critical functions that may subsequently be
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targeted for performance optimization, without incurring the impact of optimizing the entire
application.

There are several other aspects of the compiler and linker that should be considered. In
particular, the use of Small Data Areas (SDAs, sometimes referred to as Special Data
Areas) can make a significant performance improvement. Refer to compiler documentation
for usage guidelines on Small Data Areas.

6.4.2 Signal processing extension
To further optimize time critical functions, the Signal Processing Extension Auxiliary
Processing Unit (SPE-APU) may be used. The SPE-APU provides a set of Single
Instruction Multiple Data (SIMD) instructions. These SIMD instructions typically involve
performing the same operation on multiple data elements stored within a single 64-bit
register. Through the implementation of SIMD instructions, including vector multiply and
accumulate (MAC) instructions, the SPE APU provides Digital Signal Processing (DSP)
functionality. This can be used to accelerate signal processing routines, such as Finite
Impulse Response (FIR), Infinite Impulse Response (IIR) and Discrete Fourier Transforms
(DFT). A more general benefit of the SPE instruction set is the ability to load/store 64-bits of
data in single instruction. Thus highly load/store intensive functions make good candidates
for SPE optimization.
Figure 17. Machine State Register (MSR)
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Read / Write; Reset - 0x0
Table 18. MSR field descriptions
Field Description
UCLE User Cache Lock Enable
SPE Available
SPE 0: Execution of SPE APU vector instructions is disabled; SPE Unavailable exception taken instead,
and SPE bit is set in ESR.
1: Execution of SPE APU vector instructions is enabled.
WE Wait State (Power management) enable
CE Critical Interrupt Enable
EE External Interrupt Enable
PR Problem State
FP Floating-Point Available
ME Machine Check Enable
DE Debug Interrupt Enable
IS Instruction Address Space
DS Data Address Space
RI Recoverable Interrupt
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6.5

Hardware single precision floating point

The SPE-APU also supports 32-bit IEEE®-754 single-precision floating-point formats, and
supports vector and scalar single-precision floating-point operations. Most compiler vendors
include libraries that can emulate floating point functionality. However, by specifying the
correct compiler options, the single precision floating point instructions may be used.

To enable use of hardware floating point the MSR[SPE] field must be set. Refer to
Section 6.4.2, Signal processing extension for register details.

Variable length encoding

In addition to the base Power Architecture instruction set support, the e200z4 core also
implements the VLE (variable-length encoding) APU, providing improved code density. The
VLE-APU can be viewed as a supplement to the existing Power Architecture instruction set
that can be conditionally applied to a portion of, or an entire application for which improved
code density is desired.

Using it is straightforward:
1. Select the appropriate compiler target and option to generate VLE code.

2. Configure the Memory Management Unit (MMU) to specify VLE attributes for the
relevant MMU pages. Refer to the register description in Section 6.3.6, Memory
management unit (MMU).

VLE-enabled cores run both Power Architecture and VLE instruction encodings on a page
by page basis, with pages defined by the MMU. The reduction is code size is typically
between 25% and 30%.

Peripherals and general application guidelines

Optimizing the device configuration and compiler setup is only one part of optimizing an
entire application. Correct use of the peripherals can also dramatically improve overall
system performance. In particular, use of the interrupt controller, the enhanced Direct
Memory Access (eDMA), and intelligent peripherals such as the Enhanced Timer
Processing unit (eTPU2), can off-load significant work from the CPU.

For example, eDMA may be used to shift data to avoid unnecessary CPU loading. Most
peripheral modules can generate eDMA requests to trigger data transfers. An example of a
typical application is to use the eDMA to pass conversion commands to the analog to digital
converter (ADC) ,while maintaining circular buffers results of the ADC in the system RAM,
with no core intervention.

Section 6.6, Performance optimization checklist provides several system level examples of
how to optimize an application.
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6.6 Performance optimization checklist
Table 19. Performance optimization checklist—Part 1. Hardware configuration
Description Register(s) Details

Branch Target Buffer

Flush with BUCSR[BBFI]
Enable with BUCSR[BPEN]

Flush and enable to improve accuracy of
branch predictions.

Branch Prediction

BUCSR[BPRED]
BUCSR[BALLOC]

Consider fine tuning of BTB operation for
specific applications.

System Frequency

FMPLL_ESYNCR1
FMPLL_ESYNCR2

Select desired frequency taking into account
the performance impact of additional wait
states.

Flash Wait States

BIUCR[APC, WW, RWSC]

Refer to Flash chapter Section , Bus Interface
Unit Configuration Register (BIUCR), for
BIUCR settings for FMPLL frequency ranges.

Flash Prefetching

BIUCR[DPFEN, IPFEN, PFLIM, BFEN]

Enable prefetching for instructions.
Prefetching for data should be assessed for
the specific application.

Flash Prefetch
Algorithm

BIUCR2[LBCFG]

Allocate buffers to data and/or instructions.
Fine tune for specific applications.

Crossbar Switch

Park slave SRAM on master port with
XBAR_SGPCR2.

Set Flash slave port to highest priority
with XBAR_MPRO.

For e200z7 based devices reconfigure to
optimize for Harvard architecture.

Cache

Invalidate Icache with LICSR1[ICINV]
Enable Icache with LICSR1[ICE]

Invalidate and the enable the cache for
instructions.

Memory Management
Unit

TLB_MAS2[VLE, ]

Configure relevant pages for cache and VLE
by setting MMU TLB attributes.

Table 20.

Performance optimization checklist—Part 2. Software configuration

Description

Registers

Details

Compiler optimization

Use the features of the compiler to select the
— optimum trade off between code size and
performance improvements.

Hardware Single Precision
Floating Point

Enable with MSR[SPE]

Set compiler switches to specify using hardware
single precision floating point as opposed to
software emulation.

Signal Processing Extensions

Enable with MSR[SPE]

Take advantage of the SPE-APU to encode time
critical functions using SPE assembly code.

Variable Length Encoding

Enabled with TLB_MAS2[VLE]

Set compiler switches and configure the MMU to
take advantage of the VLE-APU.
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Table 21. Performance optimization checklist—Part 3. Peripherals and general application

guidelines

Peripherals and general application guidelines

shift data.

memory.
— Create circular buffers so that ADC results can be stored in RAM with no core overhead.

Use eDMA rather than the core to move data where possible. Most peripherals can generate eDMA requests to

— Use eDMA to control movement of commands and results from ADC and to maintain circular buffers in system

Shift loading from the CPU to the eTPU2 whenever possible.
— The eTPU2 can provide effective CPU off-loading for time and angle based operations.
— The eTPU2 can trigger the ADC directly with no need for CPU interruption.

Avoid software polling and allow peripherals to trigger interrupts or request eDMA servicing.
— Use hardware instead of software vectored interrupts to reduce latency.
— Trigger eDMA requests rather than interrupting the CPU to move data/results.

Configure the external memory interface.

— Enable bursting on the external bus.

— Reduce external bus wait states from default maximum settings.
— Place time critical functions in internal memory.

— Small, but frequently executed routines can be considered as candidates to be locked in cache.
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e200z4 Core

This chapter contains an overview of the e200z4 processor core integrated in SPC564A70
devices.For detailed information see the publication e200z4 Power Architecture core
reference manual.

There are two differences between the processor core in SPC564A70 devices and the
e200z4 documented in the core reference manual. SPC564A70 devices feature a
€200z448n3 core with 8 KB of instruction cache (vs. 4 KB) and 24 MMU entries (vs. 16).

Overview

The microcontroller’s cost-efficient e200z4 host processor core is built on the Power
Architecture technology and designed specifically for embedded applications.

The e200z4 is a dual-issue, 32-bit Power Architecture compliant design with 64-bit general
purpose registers (GPRs). Power Architecture floating-point instructions are not supported
by this core in hardware, but are trapped and may be emulated by software.

An Embedded Floating-point (EFPU) APU is provided to support real-time single-precision
embedded numerics operations using the general-purpose registers.

A Signal Processing Extension (SPE) APU is provided to support real-time SIMD fixed point
and single-precision, embedded numerics operations using the general-purpose registers.
All arithmetic instructions that execute in the core operate on data in the general purpose
registers (GPRs). The GPRs have been extended to 64-bits in order to support vector
instructions defined by the SPE APU. These instructions operate on a vector pair of 16-bit or
32-bit data types, and deliver vector and scalar results.

In addition to the base Power Architecture instruction set support, the e200z4 core also
implements the VLE (variable-length encoding) technology, providing improved code
density.

The e200z4 processor integrates a pair of integer execution units, a branch control unit,
instruction fetch unit and load/store unit, and a multi-ported register file capable of
sustaining six read and three write operations per clock. Most integer instructions execute in
a single clock cycle. Branch target prefetching is performed by the branch unit to allow
single-cycle branches in many cases.

The €200z4 contains an 8 KB Instruction Cache as well as a Memory Management Unit. A
Nexus Class 3 module is also integrated.

4
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7.2 Features

Features of the e200z4 core include:
e Dual issue, 32-bit Power Architecture compliant CPU
e Implements the VLE APU for reduced code footprint
e In-order execution and retirement
e Precise exception handling
e Branch processing unit

— Dedicated branch address calculation adder

—  Branch target prefetching using 8-entry BTB

e Supports independent instruction and data accesses to different memory subsystems,
such as SRAM and Flash memory via independent Instruction and Data BIUs

e Load/store unit

2 cycle load latency

Fully pipelined

Big and Little endian support
Misaligned access support

e 64-bit General Purpose Register file
e  64-bit Instruction bus, 64-bit Data bus

e Memory Management Unit (MMU) with 24-entry fully-associative TLB and multiple
page size support

e 8 KB, 2-way or 4-way Set Associative Instruction Cache

e Signal Processing Extension (SPE1.1) APU supporting SIMD fixed-point operations
using the 64-bit General Purpose Register file.

e Embedded Floating-Point (EFP2) APU supporting scalar and vector SIMD single-
precision floating-point operations, using the 64-bit General Purpose Register file.

e Nexus Class 3 real-time Development Unit
e Power management
—  Power saving mode: WAIT
e Process ID manipulation for the MMU using an external tool

7.3 Microarchitecture summary

The e200z4 utilizes a five-stage pipeline for instruction execution.

These stages are:

e Instruction Fetch (stage 1)

e Instruction Decode/Register file Read/Effective Address Calculation (stage 2)
e Execute 0O/Memory Access 0 (stage 3)

e Execute 1/Memory Access 1 (stage 4)

e Reqgister Writeback (stage 5)

The stages operate in an overlapped fashion, allowing single clock instruction execution for
most instructions.
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The integer execution unit consists of a 32-bit Arithmetic Unit (AU), a Logic Unit (LU), a 32-
bit Barrel shifter (Shifter), a Mask-Insertion Unit (MIU), a Condition Register manipulation
Unit (CRU), a Count-Leading-Zeros unit (CLZ), a 32x32 Hardware Multiplier array, and
result feed-forward hardware. Integer EU1 also supports hardware division.

Most arithmetic and logical operations are executed in a single cycle with the exception of
multiply, which is implemented with a 2-cycle pipelined hardware array, and the divide
instructions. A Count-Leading-Zeros unit operates in a single clock cycle.

The Instruction Unit contains a PC incrementer and dedicated Branch Address adders to
minimize delays during change of flow operations. Sequential prefetching is performed to
ensure a supply of instructions into the execution pipeline. Branch target prefetching using
the BTB is performed to accelerate taken branches. Prefetched instructions are placed into
an 8-entry instruction buffer, with each entry capable of holding a single 32-bit instruction or
a pair of 16-bit instructions.

Branch target addresses are calculated in parallel with branch instruction decode.
Conditional branches, which are not taken execute in a single clock. Branches with
successful BTB target prefetching have an effective execution time of one clock if correctly
predicted.

Memory load and store operations are provided for byte, halfword, word (32-bit), and
doubleword data with automatic zero or sign extension of byte and halfword load data as
well as optional byte reversal of data. These instructions can be pipelined to allow effective
single cycle throughput. Load and store multiple word instructions allow low overhead
context save and restore operations. The load/store unit contains a dedicated effective
address adder to allow effective address generation to be optimized. There is a single load-
to-use bubble for load instructions.

The Condition Register unit supports the condition register (CR) and condition register
operations defined by the Power Architecture technology. The condition register consists of
eight 4-bit fields that reflect the results of certain operations, such as move, integer and
floating-point compare, arithmetic, and logical instructions, and provides a mechanism for
testing and branching.

Vectored and autovectored interrupts are supported by the CPU. Vectored interrupt support
is provided to allow multiple interrupt sources to have unique interrupt handlers invoked with
no software overhead.

The SPE APU supports vector instructions operating on 16 and 32-bit fixed-point data types,
as well as 32-bit IEEE-754 single-precision floating-point formats, and supports single-
precision floating-point operations in a pipelined fashion. The 64-bit general purpose
register file is used for source and destination operands, and there is a unified storage
model for single-precision floating-point data types of 32-bits and the normal integer type.
Low latency fixed-point and floating-point add, subtract, multiply, multiply-add, multiply-sub,
divide, compare, and conversion operations are provided, and most operations can be
pipelined.

4
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Figure 18. e200z4 block diagram
7.3.1 Instruction unit features
The features of €200z4 instruction unit are:
e 64-bit path to cache supports fetching of two 32-bit instruction per clock
e Instruction buffer holds up to eight 32-bit instructions
e Dedicated PC incrementer supporting instruction prefetches
e Branch unit with dedicated branch address adder, and branch lookahead logic (BTB)
supporting single cycle execution of successfully predicted branches
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7.3.2

7.3.3

7.3.4

7.3.5
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Integer unit features

The e200z4 integer units support single cycle execution of most integer instructions:
e 32-bit AU for arithmetic and comparison operations

e 32-bit LU for logical operations

e 32-bit priority encoder for count leading zero’s function

e 32-bit single cycle barrel shifter for static shifts and rotates

e 32-bit mask unit for data masking and insertion

e Divider logic for signed and unsigned divide in <=14 clocks with minimized execution
timing (EU1 only)

e Pipelined 32x32 hardware multiplier array supports 32x32->32 multiply with 2 clock
latency, 1 clock throughput

Load/Store unit features

The e200z4 load/store unit supports load, store, and the load multiple / store multiple
instructions:

e 32-bit effective address adder for data memory address calculations

e Pipelined operation supports throughput of one load or store operation per cycle

e Dedicated 64-bit interface to memory supports saving and restoring of up to two
registers per cycle for load multiple and store multiple word instructions

Cache features

The features of the e200z4 Cache are as follows:

e 8 KB, 2- or 4-way configurable set-associative Instruction Cache
e Linefill Buffer

e 32-bit address bus plus attributes and control

e Supports cache line locking

e Supports Way allocation

e Supports Tag and Data Parity

e Supports Tag and Data Double Error Detection

e Correction/Auto-invalidation capability

MMU features

The features of the MMU are as follows:

e Virtual Memory support

e 32-bit Virtual and Physical Addresses

e  8-bit Process Identifier

e 24-entry fully-associative TLB

e Per-entry multiple page size support from 1 Kbyte to 4 Gbyte
e Entry Flush Protection

e Process ID manipulation for the MMU using an external tool

4
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7.3.6 €200z4 system bus features

The features of the e200z4 System Bus interface are as follows:

e Independent Instruction and Data buses

e 32-bit address bus, 64-bit data bus, plus attributes and control

e Data interface provides separate unidirectional 64-bit read and write data buses
7.3.7 Nexus 3 features

The Nexus 3 module is compliant with Class 3 of the IEEE-ISTO 5001™ - 2003 standard,
with certain additional Class 4 features available. The following features are implemented:

Program Trace via Branch Trace Messaging (BTM). Branch trace messaging displays
program flow discontinuities (direct and indirect branches, exceptions, etc.), allowing
the development tool to interpolate what transpires between the discontinuities. Thus,
static code may be traced.

Data Trace via Data Write Messaging (DWM) and Data Read Messaging (DRM). This
provides the capability for the development tool to trace reads and/or writes to selected
internal memory resources.

Ownership Trace via Ownership Trace Messaging (OTM). OTM facilitates ownership
trace by providing visibility of which process ID or operating system task is activated.
An Ownership Trace Message is transmitted when a new process/task is activated,
allowing the development tool to trace ownership flow.

Run-time access to the processor memory map via the JTAG port. This allows for
enhanced download/upload capabilities.

Watchpoint Messaging via the auxiliary interface.
Watchpoint Trigger enable of Program and/or Data Trace Messaging.

Data Acquisition Messaging (DQM) allows code to be instrumented to export
customized information to the Nexus Auxiliary Output Port.

Auxiliary interface for higher data input/output.

Registers for Program Trace, Data Trace, Ownership Trace, Data Acquisition, and
Watchpoint Trigger control.

All features controllable and configurable via the JTAG port.
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8

8.1

8.1.1

Enhanced Direct Memory Access Controller (eDMA)

Introduction

This device includes an enhanced direct memory access controller (eDMA) block. The
eDMA is a second-generation platform block capable of performing complex data
movements through 64 programmable channels with minimal intervention from the host
processor. The hardware microarchitecture includes a DMA engine that performs source
and destination address calculations, and the actual data movement operations, along with
an SRAM-based memory containing the transfer control descriptors (TCD) for the channels.

Block diagram

Figure 19 shows a simplified block diagram of the eDMA.

System bus

eDMA

eDMA engine
Bus read data
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transfer control descriptor
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*n = 64 channels for eDMA eDMA Peripheral Request Y eDMA Done

Figure 19. eDMA block diagram
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8.1.2 Features
The eDMA has these major features:
e All data movement via dual-address transfers: read from source, write to destination
— Programmable source, destination addresses, transfer size, and support for
enhanced addressing modes
e Both 32- and 64-channel implementation performs complex data transfers with minimal
intervention from a host processor
— 32 bytes of data registers, used as temporary storage to support burst transfers
(refer to SSIZE bit)
— Connections to the crossbar switch for bus mastering the data movement
e Transfer control descriptor organized to support two-deep, nested transfer operations
— Aninner data transfer loop defined by a minor byte transfer count
— An outer data transfer loop defined by a major iteration count
e Channel activation via 1 of 3 methods:
—  Explicit software initiation
— Initiation via a channel-to-channel linking mechanism for continuous transfers
—  Peripheral-paced hardware requests (one per channel)
All three methods require one activation per execution of the minor loop
e Support for fixed-priority and round-robin channel arbitration
e Support for complex data structures
e Support to cancel transfers via software
e Channel completion reported via optional interrupt requests
— 1interrupt per channel, optionally asserted at completion of major iteration count
—  Error terminations are optionally enabled per channel and logically summed
together to form a single error interrupt (32-channel eDMA) or two error interrupts
(64-channel eDMA).
e Support for scatter-gather DMA processing
e Support for complex data structures
e Any channel can be programmed to be suspended by a higher priority channel’s
activation, before completion of a minor loop.
8.1.3 Modes of operation

There are two main operating modes of eDMA: normal mode and debug mode. These
modes are briefly described in this section.

Normal mode

In normal mode, the eDMA is used to transfer data between a source and a destination. The
source and destination can be a memory block or an 1/0 block capable of operation with the
eDMA.

Debug mode

In debug mode, the eDMA does not accept new transfer requests when its debug input
signal is asserted. If the signal is asserted during transfer of a block of data described by a
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minor loop in the current active channel’'s TCD, the eDMA continues operation until
completion of the minor loop.

8.2 External signal description
The eDMA has no external signals.
8.3 Memory map and registers
This section provides a detailed description of all eDMA registers.
8.3.1 Module memory map
The eDMA memory map is shown in Table 22. The address of each register is given as an
offset to the eDMA base address. Registers are listed in address order, identified by
complete name and mnemonic, and list the type of accesses allowed. Table 23 shows a
graphical representation of the same memory map. In register names, an “x” is used to
indicate A or B, depending on which eDMA's register you are using. If a register only exists
in one of the eDMASs, the register description will state that.
The eDMA’'s programming model is partitioned into two regions: the first region defines a
number of registers providing control functions; however, the second region corresponds to
the local transfer control descriptor memory.
Some registers are implemented as two 32-bit registers, and include H and L suffixes,
signaling the high and low portions of the control function.
Table 22.  eDMA memory map
Offset from . . .
EDMA_BASE Register Location Size
EDMA_BASE .

(OXFFF4_4000) EDMA_CR—eDMA control register on page 8-170| 32
EDMA_BASE + 0x0004 | EDMA_ESR—eDMA error status register on page 8-173| 32
EDMA_BASE + 0x0008 EDMA_ERQRH—eDMA enable request high register on page 8-176 | 32

(channels 63-32)
EDMA_BASE + 0x000C EDMA_ERQRL—eDMA enable request low register on page 8-176 | 32
(channels 31-00)
EDMA_BASE + 0x0010 EDMA_EEIRLH—eDMA enable error Interpol register on page 8-177 | 32
(channels 63-32)
EDMA_BASE + 0x0014 EDMA_EEIRL—eDMA enable error interrupt register on page 8-177 | 32
(channels 31-00)
EDMA_BASE + 0x0018 | EDMA_SERQR—eDMA set enable request register on page 8-178| 8
EDMA_BASE + 0x0019 | EDMA_CERQR—eDMA clear enable request register on page 8-179| 8
EDMA_BASE + 0x001A | EDMA_SEEIR—eDMA set enable error interrupt register on page 8-180| 8
EDMA_BASE + 0x001B | EDMA_CEEIR—eDMA clear enable error interrupt register on page 8-180| 8
EDMA_BASE + 0x001C | EDMA_CIRQR—eDMA clear interrupt request register on page 8-181| 8
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Table 22.  eDMA memory map (continued)

E(I)DfI{/IsgigXQE Register Location Size
EDMA_BASE + 0x001D | EDMA_CER—eDMA clear error register on page 8-181| 8
EDMA_BASE + 0x001E | EDMA_SSBR—eDMA set start bit register on page 8-182| 8
EDMA_BASE + 0x001F | EDMA_CDSBR—eDMA clear done status bit register on page 8-183| 8
EDMA_BASE + 0x0020 iﬁgﬂﬁ@lg%gi;)eDMA interrupt request register on page 8-183 | 32
EDMA_BASE + 0x0024 iﬁgﬂrﬁlgllsglR_l_(B)eDMA interrupt request register on page 8-183 | 32
EDMA_BASE + 0x0028 (Ecag"rﬁ]—eiRgfgez?MA error register on page 8-184 | 32
EDMA_BASE + 0x002C (Ecag"rﬁ%i%; gg))MA error register on page 8-184 | 32
EDMA_BASE + 0x0030 iﬁgﬂrﬁléiRGSsﬂs—zz)aDMA hardware request status register on page 8-186| 32
EDMA_BASE + 0x0034 (Ii:agﬂrﬁ]_ell-;RSSlL_goe)DMA hardware request status register on page 8-186 | 32
EDMA_BASE + 0x0038- Reserved
EDMA_BASE + Ox00FF
EDMA_BASE + 0x0100 | EDMA_CPRO—eDMA channel O priority register on page 8-187| 8
EDMA_BASE + 0x0101 | EDMA_CPR1—eDMA channel 1 priority register on page 8-187| 8
EDMA_BASE + 0x0102 | EDMA_CPR2—eDMA channel 2 priority register on page 8-187| 8
EDMA_BASE + 0x0103 | EDMA_CPR3—eDMA channel 3 priority register on page 8-187| 8
EDMA_BASE + 0x0104 | EDMA_CPR4—eDMA channel 4 priority register on page 8-187| 8
EDMA_BASE + 0x0105 | EDMA_CPR5—eDMA channel 5 priority register on page 8-187| 8
EDMA_BASE + 0x0106 | EDMA_CPR6—eDMA channel 6 priority register on page 8-187| 8
EDMA_BASE + 0x0107 | EDMA_CPR7—eDMA channel 7 priority register on page 8-187| 8
EDMA_BASE + 0x0108 | EDMA_CPR8—eDMA channel 8 priority register on page 8-187| 8
EDMA_BASE + 0x0109 | EDMA_CPR9—eDMA channel 9 priority register on page 8-187| 8
EDMA_BASE + 0x010A | EDMA_CPR10—eDMA channel 10 priority register on page 8-187| 8
EDMA_BASE + 0x010B | EDMA_CPR11—eDMA channel 11 priority register on page 8-187| 8
EDMA_BASE + 0x010C | EDMA_CPR12—eDMA channel 12 priority register on page 8-187| 8
EDMA_BASE + 0x010D | EDMA_CPR13—eDMA channel 13 priority register on page 8-187| 8
EDMA_BASE + 0x010E | EDMA_CPR14—eDMA channel 14 priority register on page 8-187| 8
EDMA_BASE + 0x010F | EDMA_CPR15—eDMA channel 15 priority register on page 8-187| 8
EDMA_BASE + 0x0110 | EDMA_CPR16—eDMA channel 16 priority register on page 8-187| 8
EDMA_BASE + 0x0111 | EDMA_CPR17—eDMA channel 17 priority register on page 8-187| 8
EDMA_BASE + 0x0112 | EDMA_CPR18—eDMA channel 18 priority register on page 8-187| 8
EDMA_BASE + 0x0113 | EDMA_CPR19—eDMA channel 19 priority register on page 8-187| 8
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Table 22.  eDMA memory map (continued)
Offset from . . .
EDMA_BASE Register Location Size

EDMA_BASE + 0x0114

EDMA_CPR20—eDMA channel 20 priority register

on page 8-187

EDMA_BASE + 0x0115

EDMA_CPR21—eDMA channel 21 priority register

on page 8-187

EDMA_BASE + 0x0116

EDMA_CPR22—eDMA channel 22 priority register

on page 8-187

EDMA_BASE + 0x0117

EDMA_CPR23—eDMA channel 23 priority register

on page 8-187

EDMA_BASE + 0x0118

EDMA_CPR24—eDMA channel 24 priority register

on page 8-187

EDMA_BASE + 0x0119

EDMA_CPR25—eDMA channel 25 priority register

on page 8-187

EDMA_BASE + 0x011A

EDMA_CPR26—eDMA channel 26 priority register

on page 8-187

EDMA_BASE + 0x011B

EDMA_CPR27—eDMA channel 27 priority register

on page 8-187

EDMA_BASE + 0x011C

EDMA_CPR28—eDMA channel 28 priority register

on page 8-187

EDMA_BASE + 0x011D

EDMA_CPR29—eDMA channel 29 priority register

on page 8-187

EDMA_BASE + Ox011E

EDMA_CPR30—eDMA channel 30 priority register

on page 8-187

EDMA_BASE + 0x011F

EDMA_CPR31—eDMA channel 31 priority register

on page 8-187

EDMA_BASE + 0x0120

EDMA_CPR32—eDMA channel 32 priority register

on page 8-187

EDMA_BASE + 0x0121

EDMA_CPR33—eDMA channel 33 priority register

on page 8-187

EDMA_BASE + 0x0122

EDMA_CPR34—eDMA channel 34 priority register

on page 8-187

EDMA_BASE + 0x0123

EDMA_CPR35—eDMA channel 35 priority register

on page 8-187

EDMA_BASE + 0x0124

EDMA_CPR36—eDMA channel 36 priority register

on page 8-187

EDMA_BASE + 0x0125

EDMA_CPR37—eDMA channel 37 priority register

on page 8-187

EDMA_BASE + 0x0126

EDMA_CPR38—eDMA channel 38 priority register

on page 8-187

EDMA_BASE + 0x0127

EDMA_CPR39—eDMA channel 39 priority register

on page 8-187

EDMA_BASE + 0x0128

EDMA_CPR40—eDMA channel 40 priority register

on page 8-187

EDMA_BASE + 0x0129

EDMA_CPR41—eDMA channel 41 priority register

on page 8-187

EDMA_BASE + 0x012A

EDMA_CPR42—eDMA channel 42 priority register

on page 8-187

EDMA_BASE + 0x012B

EDMA_CPR43—eDMA channel 43 priority register

on page 8-187

EDMA_BASE + 0x012C

EDMA_CPR44—eDMA channel 44 priority register

on page 8-187

EDMA_BASE + 0x012D

EDMA_CPR45—eDMA channel 45 priority register

on page 8-187

EDMA_BASE + 0x012E

EDMA_CPR46—eDMA channel 46 priority register

on page 8-187

EDMA_BASE + 0x012F

EDMA_CPR47—eDMA channel 47 priority register

on page 8-187

EDMA_BASE + 0x0130

EDMA_CPR48—eDMA channel 48 priority register

on page 8-187

EDMA_BASE + 0x0131

EDMA_CPR49—eDMA channel 49 priority register

on page 8-187

EDMA_BASE + 0x0132

EDMA_CPR50—eDMA channel 50 priority register

on page 8-187

EDMA_BASE + 0x0133

EDMA_CPR51—eDMA channel 51 priority register

on page 8-187

EDMA_BASE + 0x0134

EDMA_CPR52—eDMA channel 52 priority register

on page 8-187

EDMA_BASE + 0x0135

EDMA_CPR53—eDMA channel 53 priority register

on page 8-187

| 00| 0| O| 0| O| 0| CO|O0| K| O|OKW| OfO0KW| || | OO|O0| O|[O| OK|O| K| O|O0KW| O|O| |O|OKW| | OK]| O
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Table 22.  eDMA memory map (continued)

E(I)DfI{/IS:igng Register Location Size
EDMA_BASE + 0x0136 | EDMA_CPR54—eDMA channel 54 priority register on page 8-187| 8
EDMA_BASE + 0x0137 | EDMA_CPR55—eDMA channel 55 priority register on page 8-187| 8
EDMA_BASE + 0x0138 | EDMA_CPR56—eDMA channel 56 priority register on page 8-187| 8
EDMA_BASE + 0x0139 | EDMA_CPR57—eDMA channel 57 priority register on page 8-187| 8
EDMA_BASE + 0x013A | EDMA_CPR58—eDMA channel 58 priority register on page 8-187| 8
EDMA_BASE + 0x013B | EDMA_CPR59—eDMA channel 59 priority register on page 8-187| 8
EDMA_BASE + 0x013C | EDMA_CPR60—eDMA channel 60 priority register on page 8-187| 8
EDMA_BASE + 0x013D | EDMA_CPR61—eDMA channel 61 priority register on page 8-187| 8
EDMA_BASE + 0x013E | EDMA_CPR62—eDMA channel 62 priority register on page 8-187| 8
EDMA_BASE + 0x013F | EDMA_CPR63—eDMA channel 63 priority register on page 8-187| 8
EDMA_BASE + 0x0140— Reserved
EDMA_BASE + OxOFFF
EDMA_BASE + 0x1000 | EDMA_TCD00—eDMA transfer control descriptor 00 on page 8-188 | 256
EDMA_BASE + 0x1020 | EDMA_TCDO01—eDMA transfer control descriptor 01 on page 8-188 | 256
EDMA_BASE + 0x1040 | EDMA_TCDO02—eDMA transfer control descriptor 02 on page 8-188 | 256
EDMA_BASE + 0x1060 | EDMA_TCD03—eDMA transfer control descriptor 03 on page 8-188 | 256
EDMA_BASE + 0x1080 | EDMA_TCD04—eDMA transfer control descriptor 04 on page 8-188 | 256
EDMA_BASE + 0x10A0 | EDMA_TCDO05—eDMA transfer control descriptor 05 on page 8-188 | 256
EDMA_BASE + 0x10C0 | EDMA_TCD06—eDMA transfer control descriptor 06 on page 8-188 | 256
EDMA_BASE + 0x10EO0 | EDMA_TCDQO7—eDMA transfer control descriptor 07 on page 8-188 | 256
EDMA_BASE + 0x1100 |EDMA_TCD08—eDMA transfer control descriptor 08 on page 8-188 | 256
EDMA_BASE + 0x1120 |EDMA_TCD09—eDMA transfer control descriptor 09 on page 8-188 | 256
EDMA_BASE + 0x1140 |EDMA_TCD10—eDMA transfer control descriptor 10 on page 8-188 | 256
EDMA_BASE + 0x1160 |EDMA_TCD11—eDMA transfer control descriptor 11 on page 8-188 | 256
EDMA_BASE + 0x1180 |EDMA_TCD12—eDMA transfer control descriptor 12 on page 8-188 | 256
EDMA_BASE + 0x11A0 | EDMA_TCD13—eDMA transfer control descriptor 13 on page 8-188 | 256
EDMA_BASE + 0x11C0 | EDMA_TCD14—eDMA transfer control descriptor 14 on page 8-188 | 256
EDMA_BASE + Ox11EO0 | EDMA_TCD15—eDMA transfer control descriptor 15 on page 8-188 | 256
EDMA_BASE + 0x1200 | EDMA_TCD16—eDMA transfer control descriptor 16 on page 8-188 | 256
EDMA_BASE + 0x1220 | EDMA_TCD17—eDMA transfer control descriptor 17 on page 8-188 | 256
EDMA_BASE + 0x1240 | EDMA_TCD18—eDMA transfer control descriptor 18 on page 8-188 | 256
EDMA_BASE + 0x1260 | EDMA_TCD19—eDMA transfer control descriptor 19 on page 8-188 | 256
EDMA_BASE + 0x1280 | EDMA_TCD20—eDMA transfer control descriptor 20 on page 8-188 | 256
EDMA_BASE + 0x12A0 | EDMA_TCD21—eDMA transfer control descriptor 21 on page 8-188 | 256
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Table 22.  eDMA memory map (continued)

E(I)DfI{/IS:igng Register Location Size
EDMA_BASE + 0x12C0 | EDMA_TCD22—eDMA transfer control descriptor 22 on page 8-188 | 256
EDMA_BASE + 0x12E0 | EDMA_TCD23—eDMA transfer control descriptor 23 on page 8-188 | 256
EDMA_BASE + 0x1300 | EDMA_TCD24—eDMA transfer control descriptor 24 on page 8-188 | 256
EDMA_BASE + 0x1320 | EDMA_TCD25—eDMA transfer control descriptor 25 on page 8-188 | 256
EDMA_BASE + 0x1340 | EDMA_TCD26—eDMA transfer control descriptor 26 on page 8-188 | 256
EDMA_BASE + 0x1360 | EDMA_TCD27—eDMA transfer control descriptor 27 on page 8-188 | 256
EDMA_BASE + 0x1380 | EDMA_TCD28—eDMA transfer control descriptor 28 on page 8-188 | 256
EDMA_BASE + 0x13A0 | EDMA_TCD29—eDMA transfer control descriptor 29 on page 8-188 | 256
EDMA_BASE + 0x13C0 | EDMA_TCD30—eDMA transfer control descriptor 30 on page 8-188 | 256
EDMA_BASE + 0x13E0 | EDMA_TCD31—eDMA transfer control descriptor 31 on page 8-188 | 256
EDMA_BASE + 0x1400 | EDMA_TCD32—eDMA transfer control descriptor 32 on page 8-188 | 256
EDMA_BASE + 0x1420 | EDMA_TCD33—eDMA transfer control descriptor 33 on page 8-188 | 256
EDMA_BASE + 0x1440 | EDMA_TCD34—eDMA transfer control descriptor 34 on page 8-188 | 256
EDMA_BASE + 0x1460 | EDMA_TCD35—eDMA transfer control descriptor 35 on page 8-188 | 256
EDMA_BASE + 0x1480 | EDMA_TCD36—eDMA transfer control descriptor 36 on page 8-188 | 256
EDMA_BASE + 0x14A0 | EDMA_TCD37—eDMA transfer control descriptor 37 on page 8-188 | 256
EDMA_BASE + 0x14C0 | EDMA_TCD38—eDMA transfer control descriptor 38 on page 8-188 | 256
EDMA_BASE + 0x14E0 | EDMA_TCD39—eDMA transfer control descriptor 39 on page 8-188 | 256
EDMA_BASE + 0x1500 | EDMA_TCD40—eDMA transfer control descriptor 40 on page 8-188 | 256
EDMA_BASE + 0x1520 | EDMA_TCD41—eDMA transfer control descriptor 41 on page 8-188 | 256
EDMA_BASE + 0x1540 | EDMA_TCD42—eDMA transfer control descriptor 42 on page 8-188 | 256
EDMA_BASE + 0x1560 | EDMA_TCD43—eDMA transfer control descriptor 43 on page 8-188 | 256
EDMA_BASE + 0x1580 | EDMA_TCD44—eDMA transfer control descriptor 44 on page 8-188 | 256
EDMA_BASE + 0x15A0 | EDMA_TCD45—eDMA transfer control descriptor 45 on page 8-188 | 256
EDMA_BASE + 0x15C0 | EDMA_TCD46—eDMA transfer control descriptor 46 on page 8-188 | 256
EDMA_BASE + 0x15E0 | EDMA_TCD47—eDMA transfer control descriptor 47 on page 8-188 | 256
EDMA_BASE + 0x1600 | EDMA_TCD48—eDMA transfer control descriptor 48 on page 8-188 | 256
EDMA_BASE + 0x1620 | EDMA_TCD49—eDMA transfer control descriptor 49 on page 8-188 | 256
EDMA_BASE + 0x1640 | EDMA_TCD50—eDMA transfer control descriptor 50 on page 8-188 | 256
EDMA_BASE + 0x1660 | EDMA_TCD51—eDMA transfer control descriptor 51 on page 8-188 | 256
EDMA_BASE + 0x1680 | EDMA_TCD52—eDMA transfer control descriptor 52 on page 8-188 | 256
EDMA_BASE + 0x16A0 | EDMA_TCD53—eDMA transfer control descriptor 53 on page 8-188 | 256
EDMA_BASE + 0x16C0 | EDMA_TCD54—eDMA transfer control descriptor 54 on page 8-188 | 256
EDMA_BASE + 0x16E0 | EDMA_TCD55—eDMA transfer control descriptor 55 on page 8-188 | 256
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Table 22.  eDMA memory map (continued)

E(I)DfI{/Isgigng Register Location Size
EDMA_BASE + 0x1700 | EDMA_TCD56—eDMA transfer control descriptor 56 on page 8-188 | 256
EDMA_BASE + 0x1720 | EDMA_TCD57—eDMA transfer control descriptor 57 on page 8-188 | 256
EDMA_BASE + 0x1740 | EDMA_TCD58—eDMA transfer control descriptor 58 on page 8-188 | 256
EDMA_BASE + 0x1760 | EDMA_TCD59—eDMA transfer control descriptor 59 on page 8-188 | 256
EDMA_BASE + 0x1780 | EDMA_TCD60—eDMA transfer control descriptor 60 on page 8-188 | 256
EDMA_BASE + 0x17A0 | EDMA_TCD61—eDMA transfer control descriptor 61 on page 8-188 | 256
EDMA_BASE + 0x17C0 | EDMA_TCD62—eDMA transfer control descriptor 62 on page 8-188| 256
EDMA_BASE + 0x17EO0 | EDMA_TCD63—eDMA transfer control descriptor 63 on page 8-188 | 256

Table 23.

eDMA 32-bit memory map—graphical view

Address

Register

OxFFF4_4000

eDMA Control Register (EDMA_CR)

OXFFF4_4004

eDMA Error Status (EDMA_ESR)

OXFFF4_4008

eDMA enable request high register (EDMA_ERQRH)

OXFFF4_400C

eDMA Enable Request
(EDMA_ERQRL, channels 31-16)

eDMA Enable Request
(EDMA_ERQRL, channels 15-00)

OXFFF4_4010

eDMA Enable Error Interrupt High
(EDMA_EEIRH, channels 63-48)

eDMA Enable Error Interrupt High
(EDMA_EEIRH, Channels 47-32)

OxFFF4_4014

eDMA Enable Error Interrupt Low
(EDMA_EEIRL, channels 31-16)

eDMA Enable Error Interrupt Low
(EDMA_EEIRL, Channels 15-00)

eDMA Set Enable

eDMA Clear Enable

eDMA Set Enable

eDMA Clear Enable

OxFFF4_4018 Request Request Error Interrupt Error Interrupt
(EDMA_SERQR) (EDMA_CERQR) (EDMA_SEEIR) (EDMA_CEEIR)
eDMA Clear Interrupt eDMA Clear eDMA Set Start Bit, eDMA Clear Done
OxFFF4_401C Request Error Activate Channel Status Bit
(EDMA_CIRQR) (EDMA_CER) (EDMA_SSBR) (EDMA_CDSBR)

OXFFF4_4020

eDMA Interrupt Request High
(EDMA_IRQRH channels 63-48)

eDMA Interrupt Request High
(EDMA_IRQRH, Channels 47-32)

OXFFF4_4024

eDMA Interrupt Request Low
(EDMA_IRQRL, channels 31-16)

eDMA Interrupt Request Low
(EDMA_IRQRL, Channels 15-00)

OXFFF4_4028

eDMA Error High
(EDMA_ERL, channels 63-48)

eDMA Error High
(EDMA_ERL, Channels 47-32)

OXFFF4_402C

eDMA Error Low
(EDMA_ERL, channels 31-16)

eDMA Error Low
(EDMA_ERL, Channels 15-00)

OXFFF4_4030

eDMA Hardware Request Status High
(EDMA_HRSL, channels 63-48)

eDMA Hardware Request Status High

(EDMA_HRSL, Channels 47-32)
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Table 23.

eDMA 32-bit memory map—graphical view (continued)

Address

Register

OXFFF4_4034

eDMA Hardware Request Status Low
(EDMA_HRSL, channels 31-16)

eDMA Hardware Request Status Low
(EDMA_HRSL, Channels 15-00)

OXFFF4_4038 —
OXFFF4_40FC

Reserved

OxFFF4_4100

eDMA Channel 0
Priority
(EDMA_CPRO)

eDMA Channel 1
Priority
(EDMA_CPR1)

eDMA Channel 2
Priority
(EDMA_CPR?2)

eDMA Channel 3
Priority
(EDMA_CPR3)

eDMA Channel 4

eDMA Channel 5

eDMA Channel 6

eDMA Channel 7

(EDMA_CPRS)

(EDMA_CPR9)

(EDMA_CPR10)

OxFFF4_4104 Priority Priority Priority Priority
(EDMA_CPR4) (EDMA_CPR5) (EDMA_CPRS6) EDMA_CPRY)
eDMA Channel 8 eDMA Channel 9 eDMA Channel 10 eDMA Channel 11
OxFFF4_4108 Priority Priority Priority Priority

(EDMA_CPR11)

OxFFF4_410C

eDMA Channel 12
Priority
(EDMA_CPR12)

eDMA Channel 13
Priority
(EDMA_CPR13)

eDMA Channel 14
Priority
(EDMA_CPR14)

eDMA Channel 15
Priority
(EDMA_CPR15)

OxFFF4_4110

eDMA Channel 16
Priority
(EDMA_CPR16)

eDMA Channel 17
Priority
(EDMA_CPR17)

eDMA Channel 18
Priority
(EDMA_CPR18)

eDMA Channel 19
Priority
(EDMA_CPR19)

OXFFF4_4114

eDMA Channel 20
Priority
(EDMA_CPR16)

eDMA Channel 21
Priority
(EDMA_CPR17)

eDMA Channel 22
Priority
(EDMA_CPR18)

eDMA Channel 23
Priority
(EDMA_CPR19)

OxFFF4_4118

eDMA Channel 24
Priority
(EDMA_CPR16)

eDMA Channel 25
Priority
(EDMA_CPR17)

eDMA Channel 26
Priority
(EDMA_CPR18)

eDMA Channel 27
Priority
(EDMA_CPR19)

OxFFF4_411C

eDMA Channel 28
Priority
(EDMA_CPR16)

eDMA Channel 29
Priority
(EDMA_CPR17)

eDMA Channel 30
Priority
(EDMA_CPR18)

eDMA Channel 31
Priority
(EDMA_CPR19)

OxFFF4_4100

eDMA Channel 32
Priority
(EDMA_CPR32)

eDMA Channel 33
Priority
(EDMA_CPR33)

eDMA Channel 34
Priority
(EDMA_CPR34)

eDMA Channel 35
Priority
(EDMA_CPR35)

OXFFF4_4104

eDMA Channel 36
Priority
(EDMA_CPR36)

eDMA Channel 37
Priority
(EDMA_CPR37)

eDMA Channel 38
Priority
(EDMA_CPR38)

eDMA Channel 39
Priority
EDMA_CPR39)

OXFFF4_4108

eDMA Channel 40
Priority
(EDMA_CPRA40)

eDMA Channel 41
Priority
(EDMA_CPR41)

eDMA Channel 42
Priority
(EDMA_CPR42)

eDMA Channel 43
Priority
(EDMA_CPRA43)

OXFFF4_410C

eDMA Channel 44
Priority
(EDMA_CPR44)

eDMA Channel 45
Priority
(EDMA_CPR45)

eDMA Channel 46
Priority
(EDMA_CPR46)

eDMA Channel 47
Priority
(EDMA_CPRA47)

OxFFF4_4110

eDMA Channel 48
Priority
(EDMA_CPRA48)

eDMA Channel 49
Priority
(EDMA_CPRA49)

eDMA Channel 50
Priority
(EDMA_CPR50)

eDMA Channel 51
Priority
(EDMA_CPR51)
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Table 23.

eDMA 32-bit memory map—graphical view (continued)

Address

Register

OXFFF4_4114

eDMA Channel 52
Priority
(EDMA_CPR52)

eDMA Channel 53
Priority
(EDMA_CPR53)

eDMA Channel 54
Priority
(EDMA_CPR54)

eDMA Channel 55
Priority
(EDMA_CPRS55)

OxFFF4_4118

eDMA Channel 56
Priority
(EDMA_CPR56)

eDMA Channel 57
Priority
(EDMA_CPR57)

eDMA Channel 58
Priority
(EDMA_CPR58)

eDMA Channel 59
Priority
(EDMA_CPR59)

OxFFF4_411C

eDMA Channel 60
Priority
(EDMA_CPR60)

eDMA Channel 61
Priority
(EDMA_CPR®61)

eDMA Channel 62
Priority
(EDMA_CPR®62)

eDMA Channel 63
Priority
(EDMA_CPR63)

OxFFF4_5000 —
OxFFF4_51FC

EDMA_TCDOO-EDMA_TCD15

OXFFF4_5200 —
OXFFF4_53FC

EDMA_TCD16-EDMA_TCD31

OXFFF4_5400 —
OXFFF4_55FC

EDMA_TCD32-EDMA_TCD47

OxFFF4_5600 —
OxFFF4_57FC

EDMA_TCD48-EDMA_TCD63

OxFFF4_5800

Reserved

Register descriptions

This section lists the eDMA registers in address order and describes the registers and their
bitfields.

Reading reserved bits in a register returns the value of zero. Writes to reserved bits in a
register are ignored. Reading or writing to a reserved memory location generates a bus

Many of the control registers have a bit width that matches the number of channels

implemented in the module:

64 bits for eDMA (made up of two 32-bit registers: high and low—for example,
EDMA_ERQRH has upper 32 channels of eDMA)

eDMA Control Register (EDMA_CR)

The 32-bit EDMA_CR defines the basic operating configuration of the eDMA.

The eDMA arbitrates channel service requests in four (eDMA) groups (0, 1, 2, 3) of 16
channels each:

Group 0 contains channels 0-15

Group 1 contains channels 16-31
Group 2 contains channels 32—47 (eDMA only)
Group 3 contains channels 48—63 (eDMA only)

Arbitration within a group can be configured to use a fixed priority or a round robin. In fixed-
priority arbitration, the highest priority channel requesting service is selected to execute.
The priorities are assigned by the channel priority registers. See Section , eDMA Channel n

8.3.2
error.
[S72
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Priority Registers (EDMA_CPRn). In round-robin arbitration mode, the channel priorities are
ignored and the channels within each group are cycled through, from channel 15 down to
channel O,without regard to priority.

The group priorities operate in a similar fashion. In group fixed-priority arbitration mode,
channel service requests in the highest priority group are executed first where priority level 3
(eDMA) is the highest and priority level 0 is the lowest. The group priorities are assigned in
the GRPnPRI fields of the eDMA control register (EDMA_CR). All group priorities must have
unique values prior to any channel service requests occur, otherwise a configuration error is
reported. In group round-robin mode, the group priorities are ignored and the groups are
cycled through, from group 3 (eDMA) down to group 0, without regard to priority.

Minor loop offsets are address offset values added to the final source address (SADDR) or
destination address (DADDR) upon minor loop completion. When minor loop offsets are
enabled, the minor loop offset (MLOFF) is added to the final source address (SADDR) or to
the final destination address (DADDR) or to both addresses prior to the addresses being
written back into the TCD. If the major loop is complete, the minor loop offset is ignored and
the major loop address offsets (SLAST and DLAST_SGA) are used to compute the next
EDMA_TCD[SADDR] and EDMA_TCD[DADDR] values.

When minor loop mapping is enabled (EDMA_CR[EMLM] = 1), TCDn word? is redefined. A
portion of TCDn word? is used to specify multiple fields: a source enable bit (SMLOE) to
specify that the minor loop offset should be applied to the source address (SADDR) upon
minor loop completion, a destination enable bit (DMLOE) to specify the minor loop offset
should be applied to the destination address (DADDR) upon minor loop completion, and the
sign extended minor loop offset value (MLOFF). The same offset value (MLOFF) is used for
both source and destination minor loop offsets.

When either of the minor loop offsets is enabled (SMLOE is set or DMLOE is set), the
NBYTES field is reduced to 10 bits. When both minor loop offsets are disabled (SMLOE is
cleared and DMLOE is cleared), the NBYTES field becomes a 30-bit vector.

When minor loop mapping is disabled (EDMA_CR[EMLM] = 0), all 32 bits of TCDn word2
are assigned to the NBYTES field. See Section , Transfer control descriptor (TCD) for more
details.

Figure 20. eDMA Control Register (EDMA_CR)
Offset: EDMA_BASE + 0x0000 Access: User read/write
2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0
CX | ECX
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
%6 17 18 19 | 20 21 22 23 24 25 26 27 28 29 30 31
GRP3PRI | GRP2PRI | GRPLPRI | GRPOPRI [EMLM| = | 2 | 0 | € | € | &
w C |l T | T | w m W
Reset 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0
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Table 24.

EDMA_CR field descriptions

Field

Description

CX

Cancel Transfer

0 Normal operation

1 Cancel the remaining data transfer. Stop the executing channel and force the minor loop to be
finished. The cancel takes effect after the last write of the current read/write sequence. The CX bit
clears itself after the cancel has been honored. This cancel retires the channel normally as if the
minor loop was completed.

ECX

Error cancel transfer

0 Normal operation

1 Cancel the remaining data transfer in the same fashion as the CX cancel transfer. Stop the
executing channel and force the minor loop to be finished. The cancel takes effect after the last
write of the current read/write sequence. The ECX bit clears itself after the cancel has been
honored. In addition to cancelling the transfer, the ECX treats the cancel as an error condition;
thus updating the EDMA_ESR register and generating an optional error interrupt. See Section ,
eDMA Error Status Register (EDMA_ESR).

GRP3PRI

Channel group 3 priority
Group 3 priority level when fixed priority group arbitration is enabled.

GRP2PRI

Channel group 2 priority
Group 2 priority level when fixed priority group arbitration is enabled.

GRP1PRI

Channel group 1 priority
Group 1 priority level when fixed priority group arbitration is enabled.

GRPOPRI

Channel group 0O priority
Group 0 priority level when fixed priority group arbitration is enabled.

EMLM

Enable minor loop mapping

0 Minor loop mapping disabled. TCD Word 2 is defined as a 32-bit nbytes field.

1 Minor loop mapping enabled. When set, TCDn Word 2 is redefined to include individual enable
fields, an offset field and the NBYTES field. The individual enable fields allow the minor loop offset
to be applied to the source address, the destination address, or both. The NBYTES field is
reduced when either offset is enabled.

CLM

Continuous link mode

0 A minor loop channel link made to itself goes through channel arbitration before being activated
again.

1 A minor loop channel link made to itself does not go through channel arbitration before being
activated again. Upon minor loop completion, the channel is active again if that channel has a
minor loop channel link enabled and the link channel is itself. This effectively applies the minor
loop offsets and restarts the next minor loop.

HALT

Halt DMA operations

0 Normal operation
1 Stall the start of any new channels. Executing channels are allowed to complete. Channel
execution resumes when the HALT bit is cleared.

HOE

Halt on error
0 Normal operation

1 Any error causes the HALT bit to be set. Subsequently, all service requests are ignored until the
HALT bit is cleared.
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Table 24.

EDMA_CR field descriptions (continued)

Field

Description

ERGA

Enable round-robin group arbitration

0 Fixed-priority arbitration is used for selection among the groups.
1 Round-robin arbitration is used for selection among the groups.

ERCA

Enable Round-Robin Channel Arbitration

0 Fixed-priority arbitration is used for channel selection within each group.
1 Round-robin arbitration is used for channel selection within each group.

EDBG

Enable Debug

0 The assertion of the system debug control input is ignored.

1 The assertion of the system debug control input causes the eDMA to stall the start of a new
channel. Executing channels are allowed to complete. Channel execution resumes when either
the system debug control input is negated or the EDBG bit is cleared.

173/1616

eDMA Error Status Register (EDMA_ESR)

The EDMA_ESR provides information about the last recorded channel error. Channel errors
can be caused by a configuration error (an illegal setting in the transfer control descriptor or
an illegal priority register setting in fixed-arbitration mode) or an error termination to a bus
master read or write cycle.

A configuration error is caused when the starting source or destination address, source or
destination offsets, minor loop byte count, and the transfer size represent an inconsistent
state. The addresses and offsets must be aligned on 0-modulo-transfer_size boundaries,
and the minor loop byte count must be a multiple of the source and destination transfer
sizes. All source reads and destination writes must be configured to the natural boundary of
the programmed transfer size respectively.

In fixed-arbitration mode, a configuration error is generated when any two channel priority
levels are equal and any channel is activated. The ERRCHN field is undefined for this type
of error. All channel priority levels must be unique before any service requests are made.

If a scatter-gather operation is enabled on channel completion, a configuration error is
reported if the scatter-gather address (DLAST_SGA) is not aligned on a 32-byte boundary.
If minor loop channel linking is enabled on channel completion, a configuration error is
reported when the link is attempted if bit EDMA_TCD[CITER.E_LINK] is not equal to bit
EDMA_TCDI[BITER.E_LINK]. All configuration error conditions except scatter-gather and
minor loop link error are reported as the channel is activated and assert an error interrupt
request if enabled. When properly enabled, a scatter-gather configuration error is reported
when the scatter-gather operation begins at major loop completion. A minor loop channel
link configuration error is reported when the link operation is serviced at minor loop
completion.

If a system bus read or write is terminated with an error, the data transfer is immediately
stopped and the appropriate bus error flag is set. In this case, the state of the channel's
transfer control descriptor is updated by the DMA engine with the current source address,
destination address, and minor loop byte count at the point of the fault. If a bus error occurs
on the last read prior to beginning the write sequence, the write is executed using the data
captured during the bus error. If a bus error occurs on the last write prior to switching to the
next read sequence, the read sequence is executed before the channel is terminated due to
the destination bus error.
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Figure 21.

Offset: EDMA_BASE + 0x0004

A transfer may be cancelled by software via the bit EDMA_CR[CX]. When a cancel transfer
request is recognized, the eDMA engine stops processing the channel. The current read-
write sequence is allowed to finish. If the cancel occurs on the last read-write sequence of a
major or minor loop, the cancel request is discarded and the channel retires normally.

The error cancel transfer is the same as a cancel transfer except the DMAES register is
updated with the cancelled channel number and error cancel bit is set. The TCD of a
cancelled channel has the source address and destination address of the last transfer saved
in the TCD. It is the responsibility of the user to initialize the TCD again should the channel
need to be restarted because the aforementioned fields have been modified by the eDMA
engine and no longer represent the original parameters. When a transfer is cancelled via the
error cancel transfer mechanism (setting EDMA_CR[ECX]), the channel number is loaded
into field EDMA_ESR[ERRCHN] and the bits EDMA_ESR[ECX] and EDMA_ESR[VLD] are
set. In addition, an error interrupt may be generated if enabled. Refer to Section , eDMA
Error Registers (EDMA_ERH, EDMA_ERL).

The occurrence of any type of error causes the DMA engine to stop the active channel and
the appropriate channel bit in the eDMA error register to be asserted. At the same time, the
details of the error condition are loaded into the EDMA_ESR. The major loop complete
indicators, setting the transfer control descriptor DONE flag and the possible assertion of an
interrupt request, are not affected when an error is detected. After the error status has been
updated, the DMA engine continues to operate by servicing the next appropriate channel. A
channel that experiences an error condition is not automatically disabled. If a channel is
terminated by an error and then issues another service request before the error is fixed, that
channel will execute and terminate with the same error condition.

eDMA Error Status Register (EDMA_ESR)

Access: User read-only

Reset

R
W

Reset

0

2

10

11

12

13

14

15

VLD

0

0

0

0

ECX

0

16

17

18

19

20 21

22

23

24

25

26

27

28

29

30

31

GPE

CPE

ERRCHN

SAE

SOE

DAE

DOE

NCE

SGE

SBE

DBE

0

Table 25.

EDMA_ESR field descriptions

Field

Description

VLD

Valid Bit
Logical OR of all EDMA_ERL status bits.

0 No EDMA_ER bits are set.
1 Atleast one EDMA_ER bit is set indicating a valid error exists that has not been cleared.

ECX

Transfer canceled

0 No canceled transfers
1 The last recorded entry was a canceled transfer via the error cancel transfer input.
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Table 25.

EDMA_ESR field descriptions (continued)

Field

Description

GPE

Group-priority error

0 No group-priority error

1 The last recorded error was a configuration error among the group priorities indicating not all
group priorities are unique.

CPE

Channel-Priority Error

0 No channel-priority error

1 The last recorded error was a configuration error in the channel priorities within a group,
indicating not all channel priorities within a group are unique.

ERRCHN

Error Channel Number or Canceled Channel Number

Channel number of the last recorded error (excluding GPE and CPE errors) or last recorded
transfer that was error cancelled.

Do not rely on the number in the ERRCHN field group for channel-priority errors. Group- and Channel-
priority errors must be resolved by inspection. The application code must interrogate the priority
registers to find groups or channels with duplicate priority level.

SAE

Source Address Error

0 No source address configuration error

1 The last recorded error was a configuration error detected in field EDMA_TCD[SADDR],
indicating EDMA_TCD[SADDR] is inconsistent with EDMA_TCD[SSIZE].

SOE

Source Offset Error

0 No source offset configuration error

1 The last recorded error was a configuration error detected in field EDMA_TCD[SOFF], indicating
EDMA_TCD[SOFF] is inconsistent with EDMA_TCD[SSIZE].

DAE

Destination Address Error
0 No destination address configuration error

1 The last recorded error was a configuration error detected in field EDMA_TCD[DADDR],
indicating EDMA_TCD[DADDR] is inconsistent with EDMA_TCD[DSIZE].

DOE

Destination Offset Error

0 No destination offset configuration error

1 The last recorded error was a configuration error detected in field EDMA_TCD[DOFF], indicating
EDMA_TCD[DOFF] is inconsistent with EDMA_TCDI[DSIZE].

NCE

NBYTES/CITER Configuration Error

0 No NBYTES/CITER configuration error
1 The last recorded error was a configuration error detected in fields EDMA_TCDI[NBYTES] or
EDMA_TCDI[CITER], indicating the following conditions exist:

— EDMA_TCDINBYTES] is not a multiple of EDMA_TCDI[SSIZE] and EDMA_TCDI[DSIZE], or
— EDMA_TCDICITER] is equal to zero, or
— EDMA_TCD[CITER.E_LINK] is not equal to EDMA_TCD[BITER.E_LINK].

SGE

Scatter-Gather Configuration Error

0 No scatter-gather configuration error

1 The last recorded error was a configuration error detected in field EDMA_TCD[DLAST_SGA],
indicating EDMA_TCD[DLAST_SGA] is not on a 32-byte boundary. This field is checked at the
beginning of a scatter-gather operation after major loop completion if EDMA_TCD[E_SG] is
enabled.
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Table 25. EDMA_ESR field descriptions (continued)
Field Description
Source Bus Error
SBE 0 No source bus error
1 The last recorded error was a bus error on a source read.
Destination Bus Error
DBE 0 No destination bus error
1 The last recorded error was a bus error on a destination write.
eDMA Enable Request Registers (EDMA_ERQRH, EDMA_ERQRL)
The EDMA_ERQRH and EDMA_ERQRL provide a bitmap for the 32 (or 64 for eDMA)
channels to enable the request signal for each channel. EDMA_ERQRH supports channels
63-32, while EDMA_ERQRL covers channels 31-0.
The state of any given channel enable is directly affected by writes to these registers; the
state is also affected by writes to the EDMA_SERQR and EDMA_CERQR. The
EDMA_CERQR and EDMA_SERQR are provided so that the request enable for a single
channel can be modified without performing a read-modify-write sequence to the
EDMA_ERQRH and EDMA_ERQRL.
Both the eDMA request input signal and this enable request flag must be asserted before a
channel's hardware service request is accepted. The state of the eDMA enable request flag
does not effect a channel service request made through software or a linked channel
request.
Figure 22. eDMA Enable Request High Register (EDMA_ERQRH)
Address: EDMA_BASE + 0x0008 Access: User RIW
0 1 2 3 4 5 6 7 8 9 10 u 12 13 14 15
RIB|I Q| 23| 8|3 | 8|62 |83 |33 |3 83232
o o o o o o o o o o o o o o o o
wl @ @ x @ @ x @ x x @ x x @ x x
L L L L L L L L L L L L Ll L Ll L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RITS|I S 1213|2833 [ 53331318 |8
o o o o o o o o o o o o o o o o
wl x x x x @ x @ x x @ x x x x x
L L L L L L L L L L L L Ll L Ll L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure 23. eDMA Enable Request Register (EDMA_ERQRL)
Offset: EDMA_BASE + 0x000C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RIS [ 8818881831818 |33 3| 513
o o o o o o o o o o o o o o o o
wl X x x x x x x x x x x x x x x x
L L L L L L L L L L L L L L L L
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 19 19 20 21 22 23 24 25 26 27 28 29 30 31
RIS IS99/ 12/ 818|518 |83 | 8|8 |3 ]38
o|l¢oo|lo|lo|loo|lo|lo|loo|lo|l ool oo o] o QO
wl & x x x @ x x x x x x x x x x x
L L L L L L L L L L L L L L L L
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 26. EDMA_ERQRL field descriptions
Field Description
Enable eDMA Hardware Service Request n
ERQn 0 The eDMA request signal for channel n is disabled.
1 The eDMA request signal for channel n is enabled.
As a given channel completes processing its major iteration count, there is a flag in the
transfer control descriptor that may affect the ending state of the EDMA_ERQR bit for that
channel. If bit EDMA_TCD[D_REQ] is set, then the corresponding EDMA_ERQR bit is
cleared after the major loop is complete, disabling the eDMA hardware request. Otherwise if
the D_REQ bit is cleared, the state of the EDMA_ERQR bit is unaffected.
eDMA Enable Error Interrupt Registers (EDMA_EEIRH, EDMA_EEIRL)
The EDMA_EEIRH and EDMA_EEIRL provide a bitmap for the 32 (or 64 for eDMA)
channels to enable the error interrupt signal for each channel. EDMA_EEIRH supports
channels 63-32, while EDMA_EEIRL covers channels 31-0.
The state of any given channel’s error interrupt enable is directly affected by writes to these
registers; it is also affected by writes to the EDMA_SEEIR and EDMA_CEEIR. The
EDMA_SEEIR and EDMA_CEEIR are provided so that the error interrupt enable for a single
channel can be modified without the performing a read-modify-write sequence to the
EDMA_EEIRH and EDMA_EEIRL.
Both the eDMA error indicator and this error interrupt enable flag must be asserted before
an error interrupt request for a given channel is asserted.
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Figure 24. eDMA Enable Error Interrupt High Register (EDMA_EEIRH)
Address: EDMA_BASE + 0x0010 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R ™| N — o [} [e0] N~ [(e} Lo < [92] N L o (o] [e0]
© © © © Lo L L Lo Lo L o L Lo L A A
w w w w w w w w w w w w w w w w
wW| w w w w w w w w w w w w w w w w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R N~ [{e} Lo < [32] AN — o [} (o] N~ [(e} Lo < ™ N
X i X X i X X i 52] ® ® 52] f52] ® f32] f32)
w w w w w w w w w w w w w w w w
wW| w w L w w L w w w w w L w w w L
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 25. eDMA Enable Error Interrupt Low Register (EDMA_EEIRL)
Address: EDMA_BASE + 0x0014 Access: User RIW
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R — o [} o] N~ © Lo < (%] N i o (o] [0} M~ O
jag) 5] A o A o o jaY o A o & - ] - ]
w w w w w w w w w w w w w w w w
wW| w L w L L w w w w w w w w w w w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R Lo < ™ N — o (o)) [0} N~ (e} Lo < [92] N - o
= pal pu pal b pal =} o o o =} o o o o o
w w w w w w w w w w w w w w w w
wW| w L L w w w w w w w w w w w w w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 27. EDMA_EEIRL field descriptions
Field Description
Enable Error Interrupt n
EEIn 0 The error signal for channel n does not generate an error interrupt.
1 The assertion of the error signal for channel n generate an error interrupt request.

eDMA Set Enable Request Register (EDMA_SERQR)

The EDMA_SERQR provides a simple memory-mapped mechanism to set a given bit in the
EDMA_ERQRH or EDMA_ERQRL to enable the eDMA request for a given channel. The
data value on a register write causes the corresponding bit in the EDMA_ERQRH or
EDMA_ERQRL to be set. Setting bit 1 (SERQJO0]) provides a global set function, forcing the
entire contents of EDMA_ERQRH and EDMA_ERQRL to be asserted. Reads of this
register return all zeroes.

If bit O is set, the SERQ command is ignored. This allows multiple byte registers to be written
as a 32-bit word. Reads of this register return all zeroes.
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Figure 26. eDMA Set Enable Request Register (EDMA_SERQR)

Offset: EDMA_BASE + 0x0018 Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
wW| NOP SERQ[0:6]
Reset 0 0 0 0 ‘ 0 0 0 0

Table 28. EDMA_SERQR field descriptions

Field Descriptions
0 No operation
NOP 0 Normal operation.
1 No operation, ignore bits 1-7.
1-7 Set Enable Request
SERQ[0:6] 0-32 (64 for eDMA) Set corresponding bitin EDMA_ERQRH or EDMA_ERQRL.

64-127 Set all bits in EDMA_ERQRH and EDMA_ERQRL.

eDMA Clear Enable Request Register (EDMA_CERQR)

The EDMA_CERQR provides a simple memory-mapped mechanism to clear a given bit in
the EDMA_ERQRH or EDMA_ERQRL to disable the DMA request for a given channel. The
data value on a register write causes the corresponding bit in the EDMA_ERQRH or
EDMA_ERQRL to be cleared. Setting bit 1 (CERQ[O0]) provides a global clear function,
forcing the entire contents of EDMA_ERQRH and EDMA_ERQRL to be zeroed, disabling all
eDMA request inputs. Reads of this register return all zeroes.

If bit O is set, the CERQ command is ignored. This allows multiple byte registers to be
written as a 32-bit word. Reads of this register return all zeroes.

Figure 27. eDMA Clear Enable Request Register (EDMA_CERQR)

Offset: EDMA_BASE + 0x0019 Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
W| NOP CERQI0:6]
Reset 0 0 0 0 ‘ 0 0 0 0

Table 29. EDMA_CERQR field descriptions

Field Description

No operation
0 Normal operation

0

NOP 1 No operation, ignore bits 1-7.
1-7 Clear Enable Request
CERQ[0:6] 0-32 (64 for eDMA) Clear corresponding bit in EDMA_ERQRH or EDMA_ERQRL.
’ 64-127 Clear all bits in EDMA_ERQRH and EDMA_ERQRL.
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eDMA Set Enable Error Interrupt Register (EDMA_SEEIR)

The EDMA_SEEIR provides a memory-mapped mechanism to set a given bit in the
EDMA_EEIRH or EDMA_EEIRL to enable the error interrupt for a given channel. The data
value on a register write causes the corresponding bit in the EDMA_EEIRH or
EDMA_EEIRL to be set. Setting bit 1 (SEEI[0]) provides a global set function, forcing the
entire contents of EDMA_EEIRH or EDMA_EEIRL to be asserted. Reads of this register
return all zeroes.

If bit 0 is set, the SEEI command is ignored. This allows multiple byte registers to be written
as a 32-bit word. Reads of this register return all zeroes.

Figure 28. eDMA Set Enable Error Interrupt Register (EDMA_SEEIR)

Offset: EDMA_BASE + 0x001A Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
W| NOP SEEI[0:6]
Reset 0 0 0 0 ‘ 0 0 0 0

Table 30. EDMA_SEEIR field descriptions

Field Description
0 No operation
NOP 0 Normal operation
1 No operation, ignore bits 1-7.
1-7 Set Enable Error Interrupt
SEEI[0:6] 0-32 (64 for eDMA) Set corresponding bitin EDMA_EIRRH or EDMA_EIRRL.

64-127 Set all bits in EDMA_EIRRH or EDMA_EEIRL.

eDMA Clear Enable Error Interrupt Register (EDMA_CEEIR)

The EDMA_CEEIR provides a memory-mapped mechanism to clear a given bit in the
EDMA_EEIRH or EDMA_EEIRL to disable the error interrupt for a given channel. The data
value on a register write causes the corresponding bit in the EDMA_EEIRH or
EDMA_EEIRL to be cleared. Setting bit 1 (CEEI[Q]) provides a global clear function, forcing
the entire contents of the EDMA_EEIRH or EDMA_EEIRL to be zeroed, disabling error
interrupts for all channels. Reads of this register return all zeroes.

If bit 0 is set, the CEEI command is ignored. This allows multiple byte registers to be written
as a 32-bit word. Reads of this register return all zeroes.

Figure 29. eDMA Clear Enable Error Interrupt Register (EDMA_CEEIR)

Offset: EDMA_BASE + 0x001B Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
W| NOP CEEI[0:6]
Reset 0 0 0 0 ‘ 0 0 0 0
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Table 31. EDMA_CEEIR field descriptions

Field Description

No operation

NOP 0 Normal operation
1 No operation, ignore bits 1-7.

Clear Enable Error Interrupt

CEEI[0:6] |0-32 (64 for eDMA) Clear corresponding bit in EDMA_EEIRH or EDMA_EEIRL.
64-127 Clear all bits in EDMA_EEIRH or EDMA_EEIRL.

eDMA Clear Interrupt Request Register (EDMA_CIRQR)

The EDMA_CIRQR provides a memory-mapped mechanism to clear a given bit in the
EDMA_IRQRH or EDMA_IRQRL to disable the interrupt request for a given channel. The
given value on a register write causes the corresponding bit in the EDMA_IRQRH or
EDMA_IRQRL to be cleared. Setting bit 1 (CINT[O]) provides a global clear function, forcing
the entire contents of the EDMA_IRQRH or EDMA_IRQRL to be zeroed, disabling all eDMA
interrupt requests. Reads of this register return all zeroes.

If bit 0 is set, the CINT command is ignored. This allows multiple byte registers to be written
as a 32-bit word. Reads of this register return all zeroes.

Figure 30. eDMA Clear Interrupt Request (EDMA_CIRQR)

Offset: EDMA_BASE + 0X001C Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
W| NOP CINT[0:6]
Reset 0 0 0 0 ‘ 0 0 0 0

Table 32. EDMA_CIRQR field descriptions

Field Description

No operation

NOP 0 Normal operation
1 No operation, ignore bits 1-7.

Clear Interrupt Request

CINT[0:6] |0-32 (64 for eDMA) Clear corresponding bit in EDMA_IRQRH or EDMA_IRQRL.
64-127 Clear all bits in EDMA_IRQRH or EDMA_IRQRL.

eDMA Clear Error Register (EDMA_CER)

The EDMA_CER provides a memory-mapped mechanism to clear a given bit in the
EDMA_ERH or EDMA_ERL to disable the error condition flag for a given channel. The given
value on a register write causes the corresponding bit in the EDMA_ERH or EDMA_ERL to
be cleared. Setting bit 1 (CERRJ[0]) provides a global clear function, forcing the entire
contents of the EDMA_ERH or EDMA_ERL to be zeroed, clearing all channel error
indicators. Reads of this register return all zeroes.

4
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If bit O is set, the CERR command is ignored. This allows multiple byte registers to be written

as a 32-bit word. Reads of this register return all zeroes.

Figure 31. eDMA Clear Error Register (EDMA_CER)

Offset: EDMA_BASE + 0x001D

0 1 2 3 ‘ 4

Access: User write-only

6 7
R
w| NOP CERR[0:6]
Reset 0 0 0 0 0 0 0

Table 33. EDMA_CER field descriptions

Field Description

No operation

NOP 0 Normal operation
1 No operation, ignore bits 1-7.

Clear Error Indicator

CERRJ0:6] |0-32 (64 for eDMA) Clear corresponding bit in EDMA_ERH or EDMA_ERL.
64-127 Clear all bits in EDMA_ERH or EDMA_ERL.

eDMA Set START Bit Register (EDMA_SSBR)

The EDMA_SSBR provides a memory-mapped mechanism to set the START bit in the TCD
of the given channel. The data value on a register write causes the START bit in the
corresponding transfer control descriptor to be set. Setting bit 1 (SSB[0]) provides a global
set function, forcing all START bits to be set. Reads of this register return all zeroes.

If bit O is set, the SSB command is ignored. This allows multiple byte registers to be written

as a 32-bit word. Reads of this register return all zeroes.

Figure 32. eDMA Set START Bit Register (EDMA_SSBR)

Offset: EDMA_BASE + 0x001E

0 1 2 3

Access: User write-only

6 7

R

w| NOP SSB[0:6]

Reset 0 0 0 0 ‘ 0

Table 34. EDMA_SSBR field descriptions

Field Description

No operation

NOP 0 Normal operation
1 No operation, ignore bits 1-7.

Set START Bit (channel service request)

64-127 Set all TCD START bits.

SSB[0:6] |0-32 (64 for eDMA) Set the corresponding channel’s TCD START bit.

Doc ID 18132 Rev 3

182/1616




Enhanced Direct Memory Access Controller (eDMA) RM0068

183/1616

eDMA Clear DONE Status Bit Register (EDMA_CDSBR)

The EDMA_CDSBR provides a memory-mapped mechanism to clear the DONE bit in the
TCD of the given channel. The data value on a register write causes the DONE bit in the
corresponding transfer control descriptor to be cleared. Setting bit 1 (CDSB[0]) provides a
global clear function, forcing all DONE bits to be cleared.

If bit O is set, the CDSB command is ignored. This allows multiple byte registers to be written
as a 32-bit word. Reads of this register return all zeroes.

Figure 33. eDMA Clear DONE Status Bit Register (EDMA_CDSBR)

Offset: EDMA_BASE + 0x001F Access: User write-only
0 1 2 3 ‘ 4 5 6 7
R
W| NOP CDSBJ[0:6]
Reset 0 0 0 o | o 0 0 0

Table 35. EDMA_CDSBR field descriptions

Field Description

No operation

NOP 0 Normal operation
1 No operation, ignore bits 1-7.

Clear DONE Status Bit

CDSBJ[0:6] |0-32 (64 for eDMA) Clear the corresponding channel’s DONE bit.
64-127 Clear all TCD DONE bits.

eDMA Interrupt Request Registers (EDMA_IRQRH, EDMA_IRQRL)

The EDMA_IRQRH and EDMA_IRQRL provides a bitmap for the 32 channels signaling the
presence of an interrupt request for each channel. EDMA_IRQRH maps to channels 63—-32
and EDMA_IRQRL maps to channels 31-0.

The DMA engine signals the occurrence of a programmed interrupt on the completion of a
data transfer as defined in the transfer control descriptor by setting the appropriate bit in this
register. The outputs of this register are directly routed to the interrupt controller (INTC).
During the execution of the interrupt service routine associated with any given channel,
software must clear the appropriate bit, negating the interrupt request. Typically, a write to
the EDMA_CIRQR in the interrupt service routine is used for this purpose.

The state of any given channel’s interrupt request is directly affected by writes to this
register; it is also affected by writes to the EDMA_CIRQR. On writes to the EDMA_IRQRH
or EDMA_IRQRL, a 1 in any bit position clears the corresponding channel’s interrupt
request. A 0 in any bit position has no effect on the corresponding channel’s current interrupt
status. The EDMA_CIRQR is provided so the interrupt request for a single channel can be
cleared without performing a read-modify-write sequence to the EDMA_IRQRH and
EDMA_IRQRL.

4
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Figure 34.

Address: EDMA_BASE + 0x0020

eDMA Interrupt Request High Register (EDMA_IRQRH)

Access: User R/\W

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

R ™ [9V] — o [e)] o N~ © o <t ™ (9N} — o (o)) [e¢]

© (o] (o] o] [Te} Lo Lo Lo [Te} o Lol Lo Lo Lo < <

E E E E E E E E E E E E E E = =

w| Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R N~ (o] o <t o™ oV} — o [©)] (o] N~ © Lo <t ™ AN

< < < < < < < < o™ o™ o™ ™ ™ ™ [9p] ™

= = = = = = = = E = = E E = = =

w| Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 35. eDMA Interrupt Request Register (EDMA_IRQRL)

Address: EDMA_BASE + 0x0024

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R — o [} [e0] N~ [(e} Lo < ™ N i o (e} [ee] N~ ©
o™ ™ N N N N N N N N N N —l — —l —
E E E = [ = [ = [ = [ = = = = =
w| Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 19 19 20 21 22 23 24 25 26 27 28 29 30 31
R Lo < ™ N i o (o2} [0} N~ (e} Lo < [92] (s} — o
— —l — — —l — o o o o o o o o o o
= = = = = = E E E E E E E E E E
w| Z Z Z Z < Z Z Z Z Z Z Z Z Z Z Z
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 36. EDMA_IRQRL field descriptions
Field Description
0-31 eDMA Interrupt Request n
0 The interrupt request for channel n is cleared.
INTNn . . .
1 The interrupt request for channel n is active.
eDMA Error Registers (EDMA_ERH, EDMA_ERL)
Register EDMA_ERH and EDMA_ERL provide a bitmap for the 32 channels signaling the

presence of an error for each channel. EDMA_ERH supports channels 63—-32 (for eDMA)

and EDMA_ERL maps to channels 31-0.

The DMA engine signals the occurrence of a error condition by setting the appropriate bit in
this register. The outputs of this register are enabled by the contents of the EDMA_EEIR,

then logically summed across 32 (64 for eDMA) channels to form an error interrupt request,
which is then routed to the interrupt controller. During the execution of the interrupt service

routine associated with any eDMA errors, it is software’s responsibility to clear the

appropriate bit, negating the error interrupt request. Typically, a write to the EDMA _

CER in

the interrupt service routine is used for this purpose. The normal eDMA channel completion
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Figure 36.

indicators, setting the transfer control descriptor DONE flag and the possible assertion of an

interrupt request, are not affected when an error is detected.

The contents of this register can also be polled and a non-zero value indicates the presence
of a channel error, regardless of the state of the EDMA_EEIR. Bit EDMA_ESR[VLD] is a
logical OR of all bits in this register and it provides a single bit indication of any errors. The
state of any given channel’s error indicators is affected by writes to this register; it is also
affected by writes to the EDMA_CER. On writes to EDMA_ERH or EDMA_ERL, a ‘1’ in any
bit position clears the corresponding channel’s error status. A ‘0’ in any bit position has no
effect on the corresponding channel’s current error status. The EDMA_CER is provided so

the error indicator for a single channel can be cleared.

eDMA Error High Register (EDMA_ERH)

Address: EDMA_BASE + 0x0028

Access: User R/\W

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R ™ o — o (o2} Q N~ © Lo < ™ N — o 2] ©
© © © © Te] Lo [Le] Lo Lo Te] L0 Te] Lo To] < <
o o o4 vd [vd o o o o o4 o4 [vd o o [ v
wl o [vd [vd [vd o o o o [vd [vd [vd o o o [vd
i ] w w i i i i i i i i i i i i
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R N~ O [To] < (s2) N — o (2] (e} N~ © Lo < ™ (3N
< < < < < < < < ™ ™ ™ ™ ™ ™ (+¢] ™
[ o v o4 v v o o o nd nd nd o o o nd
[ [ 4 4 4 [ 4 [ [ 4 4 4 [ [ [ 4
W ] L L L L L L L L L L ] L ] L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 37. eDMA Error Register (EDMA_ERL)
Address: EDMA_BASE + 0x002C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R - o (o] @ N~ © Lo < ™ N — o )] [ee] N~ ©
o™ o™ N N N N N N N N N N i i i i
o o v v v o o o o v v [nd o4 o o vd
[ [ 4 4 4 [ [ [ [ 4 o4 o4 [ [ [ 4
W ] L L L L L L L L L L ] L ] L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Lo < ™ N — o (o2} (e} N~ (o] o < (92] (o] — o
R < — - — — - o o o o o o o o o S
od [nd nd nd @ o 4 4 4 @ o4 @ 4 4 4 @
o4 [ 4 4 o [ 4 [ [ 4 4 4 [ [ [ 4
W ] L w L i i i i L L L ] L ] L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 37. EDMA_ERL field descriptions
Field Description
eDMA Errorn
0-31 )
0 An error in channel n has not occurred.
ERRnN

1 An error in channel n has occurred.
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Address: EDMA_BASE + 0x0030

DMA Hardware Request Status Registers (EDMA_HRSH, EDMA_HRSL)

Registers EDMA_HRSH and EDMA_HRSL provide a bitmap for the implemented channels
(32 or 64) to show the current hardware request status for each channel. EDMA_HRSH
maps to channels 64-32 and EDMA_HRSL maps to channels 31-00.

Access: User R/IW
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Address: EDMA_BASE + 0x0034

Figure 38. EDMA Hardware Request Status Register High (EDMA_HRSH)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
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Figure 39. EDMA Hardware Request Status Register Low (EDMA_HRSL)
Table 38. EDMA_HRSL field descriptions
Field Description
DMA Hardware Request Status
0-31 0 A hardware service request for channel n is not present.
HRSH 1 A hardware service request for channel n is present.
The hardware request status reflects the state of the request as seen by the arbitration logic. Therefore, this
status is affected by bit EDMA_ERQRL[ERQn].

Doc ID 18132 Rev 3

186/1616




Enhanced Direct Memory Access Controller (eDMA) RM0068

eDMA Channel n Priority Registers (EDMA_CPRnN)

When the fixed-priority channel arbitration mode is enabled (EDMA_CR[ERCA] = 0), the
contents of these registers define the unique priorities associated with each channel. The
channel priorities are evaluated by numeric value; that is, 0 is the lowest priority, 1 is the next
higher priority, then 2, 3, etc. If software modifies channel priority values, then the software
must ensure that the channel priorities contain unique values. Otherwise, a configuration
error is reported. The range of the priority value is limited to the values of 0 through 15.
When read, the GRPPRI bits of the EDMA_CPRn register reflect the current priority level of
the group of channels in which the corresponding channel resides. GRPPRI bits are not
affected by writes to the EDMA_CPRn registers. The group priority is assigned in the
EDMA_CR. See Figure 20 and Table 24 for the EDMA_CR definition.

Channel pre-emption is enabled on a per-channel basis by setting the ECP bit in the
EDMA_CPRn register. Channel pre-emption allows the executing channel’s data transfers to
be temporarily suspended in favor of starting a higher priority channel. After the pre-empting
channel has completed all its minor loop data transfers, the pre-empted channel is restored
and resumes execution. After the restored channel completes one read/write sequence, it is
again eligible for pre-emption. If any higher priority channel requests service, the restored
channel is suspended and the higher priority channel is serviced. Nested pre-emption
(attempting to pre-empt a pre-empting channel) is not supported. After a pre-empting
channel begins execution, it cannot be pre-empted. Pre-emption is available only when fixed
arbitration is selected for both group and channel arbitration modes.

A channel’s ability to pre-empt another channel can be disabled by setting
EDMA_CPR[DPA]. When a channel’s pre-empt ability is disabled, that channel cannot
suspend a lower priority channel’s data transfer; regardless of the lower priority channel’'s
ECP setting. This allows for a pool of low priority, large data moving channels to be defined.
These low priority channels can be configured to not pre-empt each other, thus preventing a
low priority channel from consuming the pre-empt slot normally available a true, high priority
channel.

Figure 40. eDMA Channel n Priority Register (EDMA_CPRnN)

Address: EDMA_BASE + 0x0100 + n Access: User read/write
0 1 2 3 4 5 6 7
R GRPPRI
ECP DPA CHPRI
W
Reset 0 0 0 0 —@

1. The reset value for the channel priority field, CHPRI[0-3], is equal to the corresponding channel number for
each priority register; that is, EDMA_CPRIO[CHPRI] = 0b0000 and EDMA_CPR15[CHPRI] = 0b1111.

Table 39. EDMA_CPRn field descriptions
Field Description
Enable Channel Pre-emption
ECP 0 Channel n cannot be suspended by a higher priority channel’s service request.
1 Channel n can be temporarily suspended by the service request of a higher priority channel.
Disable pre-empt ability
DPA 0 Channel n can suspend a lower priority channel.
1 Channel n cannot suspend any channel, regardless of channel priority.
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Table 39. EDMA_CPRn field descriptions (continued)
Field Description
Channel n current group priority
.11 | Group priority assigned to this channel group when fixed-priority arbitration is enabled. These two
GRPPRI[0:1] | . . S -
bits are read-only; writes are ignored. The reset value for the group priority fields, is equal to the
corresponding channel number for each priority register; that is, EDMA_CPR31[GRPPRI] = 0b01.
Channel n Arbitration Priority
CHPRI[0:3] Channel priority when fixed-priority arbitration is enabled. The reset value for the channel priority
' fields CHPRI[0-3], is equal to the corresponding channel number for each priority register; that is,
EDMA_CPR31[CHPRI] = 0b1111.
Transfer control descriptor (TCD)
Each channel requires a 32-byte transfer control descriptor for defining the desired data
movement operation. The channel descriptors are stored in the local memory in sequential
order: channel 0, channel 1,... channel 31 (63 for eDMA). The definitions of the TCD are
presented as eight 32-bit values. Table 40 is a field list of the basic TCD structure.
Table 40. TCDn 32-bit memory structure
eDMA offset TCDn field
0x1000+(32 x n)+0x0000 Source address (saddr)
0x1000+(32 x n)+0x0004 Transfer attributes Signed source address offset (soff)
0x1000+(32 x n)+0x0008 Inner minor byte count (nbytes)
0x1000+(32 x n)+0x000C Last source address adjustment (slast)
0x1000+(32 x n)+0x0010 Destination address (daddr)
0x1000+(32 x n)+0x0014 Current major iteration count (citer) ‘ Signed destination address offset (doff)
0x1000 (32 x n) 0x0018 Last destination address adjustment / scatter-gather address (dlast_sga)
0x1000+(32 x n)+0x001c | Beginning major iteration count (biter) ‘ Channel control/status
Figure 41 and Table 41 define the fields of the TCDn structure.
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Figure 41. TCD structure

Word
offset 0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15|16 17 18 19|20 21 22 23|24 25 26 27|28 29 30 31
0x0000 SADDR
0x0004|  SMOD SSIZE DMOD DSIZE SOFF
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1. The fields implemented in Word 2 depend on whether EDMA_CR(EMLM) is set to ‘0’ or ‘1'. Refer to Table 24.

Note: The TCD structures for the eDMA channels shown in Figure 41 are implemented in internal
SRAM. These structures are not initialized at reset; therefore, all channel TCD parameters
must be initialized by the application code before activating that channel.
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Table 41. TCDn field descriptions
Bits /
Word offset Name Description
[n:n]
0-31/ SADDR f/lource ad;:l;ess o ) ;
0x0 [0:31] [0:31] emory a .ress pointing to the source data.
Word 0x0, bits 0-31.
Source address modulo
0 Source address modulo feature is disabled.
non-0 This value defines a specific address range that is specified to be the
value after SADDR + SOFF calculation is performed or the original
register value. The setting of this field provides the ability to easily
implement a circular data queue. For data queues requiring power-of-2
32-36/ SMOD size bytes, the queue should start at a 0-modulo-size address and the
0x4 [0:4] [0:4] SMOD field should be set to the appropriate value for the queue,
freezing the desired number of upper address bits. The value
programmed into this field specifies the number of lower address bits
that are allowed to change. For this circular queue application, the
SOFF is typically set to the transfer size to implement post-increment
addressing with the SMOD function constraining the addresses to a 0-
modulo-size range.
Source data transfer size
000 8-hit
001 16-hit
010 32-hit
37-39/ SSIZE 011 64-bit
100 Reserved
0x4 [5:7] [0:2] 101 32-byte (64-bit, 4 beat, WRAP4 burst)
110 Reserved
111 Reserved
The attempted specification of a reserved encoding causes a configuration
error.
40-44 / DMOD Destination address modulo
0x4 [8:12] [0:4] See the SMODJ[0:5] definition.
45-47/ DSIZE Destination data transfer size
0x4 [13:15] [0:2] See the SSIZE[0:2] definition.
48-63 | SOFE Spurce address signed offset
Ox4 [16:31] [0:15] Sign-extended offset applied to the current source address to form the next-
state value as each source read is completed.
Source minor loop offset enable
This flag selects whether the minor loop offset is applied to the source
64 SMLOE address upon minor loop completion.
0x8 [0] 0

0 The minor loop offset is not applied to the saddr.
1 The minor loop offset is applied to the saddr.
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Table 41.

TCDn field descriptions (continued)

Bits /
Word offset
[n:n]

Name

Description

65
0x8 [1]

DMLOE

Destination minor loop offset enable

This flag selects whether the minor loop offset is applied to the destination
address upon minor loop completion.

0 The minor loop offset is not applied to the daddr.
1 The minor loop offset is applied to the daddr.

66-85
0x8 [2-21]

MLOFF or
NBYTES
[0:19]

Inner “minor” byte transfer count or Minor loop offset

If both SMLOE and DMLOE are cleared, this field is part of the byte transfer
count.

If either SMLOE or DMLOE are set, this field represents a sign-extended
offset applied to the source or destination address to form the next-state
value after the minor loop is completed.

86-95 /
0x8 [22:31]

NBYTES

Inner “minor” byte transfer count

Number of bytes to be transferred in each service request of the channel. As
a channel is activated, the contents of the appropriate TCD is loaded into the
eDMA engine, and the appropriate reads and writes performed until the
complete byte transfer count has been transferred. This is an indivisible
operation and cannot be stalled or halted. Once the minor count is
exhausted, the current values of the SADDR and DADDR are written back
into the local memory, the major iteration count is decremented and restored
to the local memory. If the major iteration count is completed, additional
processing is performed.

The NBYTES value of 0x0000_0000 is interpreted as 0x1_0000_0000, thus
specifying a 4 GB transfer.

96-127 /
OxC [0:31]

SLAST
[0:31]

Last source address adjustment

Adjustment value added to the source address at the completion of the outer
major iteration count. This value can be applied to “restore” the source
address to the initial value, or adjust the address to reference the next data
structure.

128-159/
0x10 [0:31]

DADDR
[0:31]

Destination address
Memory address pointing to the destination data.

160/
0x14 [0]

CITER.E_LINK

Enable channel-to-channel linking on minor loop completion

As the channel completes the inner minor loop, this flag enables the linking
to another channel, defined by CITER.LINKCH[0:5]. The link target channel
initiates a channel service request via an internal mechanism that sets the bit
EDMA_TCDI[START] of the specified channel. If channel linking is disabled,
the CITER value is extended to 15 bits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of
the MAJOR.E_LINK channel linking.

0 The channel-to-channel linking is disabled.

1 The channel-to-channel linking is enabled.

This bit must be equal to the BITER.E_LINK bit. Otherwise, a configuration error is
reported.
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Table 41.

TCDn field descriptions (continued)

Bits /
Word offset
[n:n]

Name

Description

161-166 /
0x14 [1:6]

CITER
[0:5]
or
CITER.LINKCH

[0:5]

Current major iteration count or link channel number

If channel-to-channel linking is disabled (EDMA_TCDI[CITER.E_LINK] = 0),

then

— No channel-to-channel linking (or chaining) is performed after the inner
minor loop is exhausted. TCD bits [161:175] are used to form a 15-bit
CITER field.

Otherwise,

— After the minor loop is exhausted, the DMA engine initiates a channel
service request at the channel defined by CITER.LINKCHI[0:5] by setting
that channel’'s EDMA_TCD[START] bit.

167175/
0x14 [7:15]

CITER
[6:14]

Current major iteration count

This 9 or 15-bit count represents the current major loop count for the
channel. It is decremented each time the minor loop is completed and
updated in the transfer control descriptor memory. After the major iteration
count is exhausted, the channel performs a number of operations (for
example, final source and destination address calculations), optionally
generating an interrupt to signal channel completion before reloading the
CITER field from the beginning iteration count (BITER) field.

When the CITER field is initially loaded by software, it must be set to the same
value as that contained in the BITER field.

If the channel is configured to execute a single service request, the initial values of
BITER and CITER should be 0x0001.

176191/
0x14 [16:31]

DOFF
[0:15]

Destination address signed Offset

Sign-extended offset applied to the current destination address to form the
next-state value as each destination write is completed.

192223/
0x18 [0:31]

DLAST_SGA
[0:31]

Last destination address adjustment or the memory address for the next
transfer control descriptor to be loaded into this channel (scatter-gather).

If scatter-gather processing for the channel is disabled

(EDMA_TCDIE_SG] = 0) then

— Adjustment value added to the destination address at the completion of the
outer major iteration count.

This value can be applied to restore the destination address to the initial
value, or adjust the address to reference the next data structure.

Otherwise,

— This address points to the beginning of a 0-modulo-32 byte region
containing the next transfer control descriptor to be loaded into this
channel. This channel reload is performed as the major iteration count
completes. The scatter-gather address must be 0-modulo-32 byte,
otherwise a configuration error is reported.
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Table 41.

TCDn field descriptions (continued)

Bits /
Word offset
[n:n]

Name

Description

224 |
0x1C [0]

BITER.E_LINK

Enables channel-to-channel linking on minor loop complete

As the channel completes the inner minor loop, this flag enables the linking
to another channel, defined by BITER.LINKCHI[0:5]. The link target channel
initiates a channel service request via an internal mechanism that sets the bit
EDMA_TCDI[START] of the specified channel. If channel linking is disabled,
the BITER value is extended to 15 hits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of
the MAJOR.E_LINK channel linking.

0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.

When the TCD is first loaded by software, this field must be set equal to the
corresponding CITER field. Otherwise, a configuration error is reported. As the
major iteration count is exhausted, the contents of this field is reloaded into the
CITER field.

225-230/
0x1C [1:6]

BITER
[0:5]
or

BITER.LINKCH[O0:5]

Starting major iteration count or link channel number

If channel-to-channel linking is disabled (EDMA_TCD[BITER.E_LINK] = 0),
then

— No channel-to-channel linking (or chaining) is performed after the inner
minor loop is exhausted. TCD bits [225:239] are used to form a 15-bit
BITER field.

Otherwise,

— After the minor loop is exhausted, the DMA engine initiates a channel
service request at the channel, defined by BITER.LINKCH[0:5], by setting
that channel’'s EDMA_TCD[START] hit.

When the TCD is first loaded by software, this field must be set equal to the
corresponding CITER field. Otherwise, a configuration error is reported. As the
major iteration count is exhausted, the contents of this field is reloaded into the
CITER field.

231-239/
0x1C [7:15]

BITER
[6:14]

Starting major iteration count

As the transfer control descriptor is first loaded by software, this field must be
equal to the value in the CITER field. As the major iteration count is
exhausted, the contents of this field are reloaded into the CITER field.

If the channel is configured to execute a single service request, the initial values of
BITER and CITER should be 0x0001.

240-241/

ox1C
[16:17]

BWC
[0:1]

Bandwidth control

This two-bit field provides a mechanism to effectively throttle the amount of
bus bandwidth consumed by the eDMA. In general, as the eDMA processes
the inner minor loop, it continuously generates read/write sequences until the
minor count is exhausted. This field forces the eDMA to stall after the
completion of each read/write access to control the bus request bandwidth
seen by the system bus crossbar switch (XBAR).

00 No DMA engine stalls

01 Reserved

10 DMA engine stalls for 4 cycles after each riw

11 DMA engine stalls for 8 cycles after each riw
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Table 41. TCDn field descriptions (continued)
Bits /
Word offset Name Description
[n:n]
Link channel number
If channel-to-channel linking on major loop complete is disabled
(EDMA_TCD[MAJOR.E_LINK] = 0) then,
242-247 | MAJOR LINKCH |~ No channel-to-channel linking (or chaining) is performed after the outer
ox1C O.'5] major loop counter is exhausted.
[18:23] [o: Otherwise
— After the major loop counter is exhausted, the DMA engine initiates a
channel service request at the channel defined by MAJOR.LINKCHI[0:5] by
setting that channel’'s EDMA_TCD[START] bit.
Channel done
This flag indicates the eDMA has completed the outer major loop. It is set by
248 / the DMA engine as the CITER count reaches zero; it is cleared by software
0x1C [24] DONE or hardware when the channel is activated (when the DMA engine has begun
processing the channel, not when the first data transfer occurs).
This bit must be cleared to write the MAJOR.E_LINK or E_SG bits.
Channel active
249/ ACTIVE This flag signals the channel is currently in execution. It is set when channel
0x1C [25] service begins, and is cleared by the DMA engine as the inner minor loop
completes or if any error condition is detected.
Enable channel-to-channel linking on major loop completion
As the channel completes the outer major loop, this flag enables the linking
to another channel, defined by MAJOR.LINKCHI[0:5]. The link target channel
250/ initiates a channel service request via an internal mechanism that sets bit
MAJOR.E_LINK EDMA_TCDI[START] of the specified channel.
0x1C [26]
To support the dynamic linking coherency model, this field is forced to zero when
written to while the bit EDMA_TCD[DONE] is set.
0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.
Enable scatter-gather processing
As the channel completes the outer major loop, this flag enables scatter-
gather processing in the current channel. If enabled, the DMA engine uses
DLAST_SGA as a memory pointer to a 0-modulo-32 address containing a
32-byte data structure which is loaded as the transfer control descriptor into
251/ E SG the local memory.
0x1C [27]

To support the dynamic scatter-gather coherency model, this field is forced to zero
when written to while the bit EDMA_TCD[DONE] is set.
0 The current channel’s TCD is normal format.

1 The current channel’'s TCD specifies a scatter gather format. The
DLAST_SGA field provides a memory pointer to the next TCD to be loaded
into this channel after the outer major loop completes its execution.
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Table 41. TCDn field descriptions (continued)
Bits /
Word offset Name Description
[n:n]
Disable hardware request
If this flag is set, the eDMA hardware automatically clears the corresponding
252 | EDMA_ERQH or EDMA_ERQL bit when the current major iteration count
D_REQ reaches zero.
0x1C [28] - .
0 The channel’'s EDMA_ERQH or EDMA_ERQL bit is not affected.
1 The channel's EDMA_ERQH or EDMA_ERQL bitis cleared when the outer
major loop is complete.
Enable an interrupt when major counter is half complete
If this flag is set, the channel generates an interrupt request by setting the
appropriate bit in the EDMA_ERQH or EDMA_ERQL when the current major
iteration count reaches the halfway point. Specifically, the comparison
performed by the eDMA engine is (CITER == (BITER >> 1)). This halfway
253/ point interrupt request is provided to support double-buffered (aka ping-
INT_HALF
0x1C [29] - pong) schemes, or other types of data movement where the processor needs
an early indication of the transfer’s progress. CITER = BITER = 1 with
INT_HALF enabled will generate an interrupt as it satisfies the equation
(CITER == (BITER >> 1)) after a single activation.
0 The half-point interrupt is disabled.
1 The half-point interrupt is enabled.
Enable an interrupt when major iteration count completes
If this flag is set, the channel generates an interrupt request by setting the
254/ INT MAJ appropriate bit in the EDMA_ERQH or EDMA_ERQL when the current major
0x1C [30] - iteration count reaches zero.
0 The end-of-major loop interrupt is disabled.
1 The end-of-major loop interrupt is enabled.
Channel start
If this flag is set the channel is requesting service.
255/ START The eDMA hardware automatically clears this flag after the channel begins
0x1C [31] execution.
0 The channel is not explicitly started.
1 The channel is explicitly started via a software initiated service request.
8.4 Functional description

195/1616

This section provides an overview of the microarchitecture and functional operation of the
eDMA block.

The eDMA module is partitioned into two major modules: the DMA engine and the transfer
control descriptor local memory. The DMA engine is further partitioned into four
submodules, which are detailed below.

DMA engine
— Address path: This module implements registered versions of two channel transfer

control descriptors: channel x and channel y, and is responsible for all the master
bus address calculations. All the implemented channels provide the same

functionality. This hardware structure allows the data transfers associated with one
channel to be pre-empted after the completion of a read/write sequence if a higher
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priority channel service request is asserted while the first channel is active. After a
channel is activated, it runs until the minor loop is completed unless pre-empted
by a higher priority channel. This capability provides a mechanism (optionally
enabled by EDMA_CPRnN[ECP]) where a large data move operation can be pre-
empted to minimize the time another channel is blocked from execution.

When another channel is activated, the contents of its transfer control descriptor is
read from the local memory and loaded into the registers of the other address path
channel{x,y}. After the inner minor loop completes execution, the address path
hardware writes the new values for the TCDn.{SADDR, DADDR, CITER} back into
the local memory. If the major iteration count is exhausted, additional processing is
performed, including the final address pointer updates, reloading the TCDn.CITER
field, and a possible fetch of the next TCDn from memory as part of a scatter-
gather operation.

Data path: This module implements the actual bus master read/write datapath. It
includes 32 bytes of register storage (matching the maximum transfer size) and
the necessary mux logic to support any required data alignment. The system read
data bus is the primary input, and the system write data bus is the primary output.

The address and data path modules directly support the two-stage pipelined
system bus. The address path module represents the 1st stage of the bus pipeline
(the address phase), while the data path module implements the second stage of
the pipeline (the data phase).

Program model/channel arbitration: This module implements the first section of
eDMA's programming model and also the channel arbitration logic. The
programming model registers are connected to the slave bus (not shown). The
eDMA peripheral request inputs and eDMA interrupt request outputs are also
connected to this module (via the control logic).

Control: This module provides all the control functions for the DMA engine. For
data transfers where the source and destination sizes are equal, the DMA engine
performs a series of source read, destination write operations until the number of
bytes specified in the inner minor loop byte count has been moved.

A minor loop interaction is defined as the number of bytes to transfer (nbytes)
divided by the transfer size. Transfer size is defined as:

if (SSIZE < DSIZE)

transfer size = destination transfer size (# of bytes)

else

transfer size = source transfer size (# of bytes)
Minor loop TCD variables are SOFF, SMOD, DOFF, DMOD, NBYTES, SADDR,
DADDR, BWC, ACTIVE, AND START. Major loop TCD variables are DLAST,
SLAST, CITER, BITER, DONE, D_REQ, INT_MAJ, MAJOR_LNKCH, and
INT_HALF.

For descriptors where the sizes are not equal, multiple access of the smaller size
data are required for each reference of the larger size. For example, if the source
size references 16-bit data and the destination is 32-bit data, two reads are
performed, then one 32-bit write.

TCD local memory

Memory controller: This logic implements the required dual-ported controller,
handling accesses from both the DMA engine as well as references from the slave
bus. As noted earlier, in the event of simultaneous accesses, the DMA engine is
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8.4.1

197/1616

given priority and the slave transaction is stalled. The hooks to a BIST controller
for the local TCD memory are included in this module.

— Memory array: The TCD is implemented using a single-ported, synchronous
compiled RAM memory array.

eDMA basic data flow

The eDMA transfers data based on a two-deep, nested flow. The basic flow of a data
transfer can be partitioned into three segments. As shown in Figure 42, the first segment
involves the channel service request. In the diagram, this example uses the assertion of the
eDMA peripheral request signal to request service for channel n. Channel service request
via software and the TCDn.START bit follows the same basic flow as an eDMA peripheral
request. The eDMA peripheral request input signal is registered internally and then routed to
through the DMA engine, first through the control module, then into the program
model/channel arbitration module. In the next cycle, the channel arbitration is performed
using the fixed-priority or round-robin algorithm. After the arbitration is complete, the
activated channel number is sent through the address path and converted into the required
address to access the TCD local memory. Next, the TCD memory is accessed and the
required descriptor read from the local memory and loaded into the DMA engine address
path channel{x,y} registers. The TCD memory is organized 64-bits in width to minimize the
time needed to fetch the activated channel’s descriptor and load it into the eDMA engine
address path channel{x,y} registers.

4
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Figure 42. eDMA operation, Part 1

hake

eDMA peripheral request

In the second part of the basic data flow as shown in Figure 43, the modules associated with
the data transfer (address path, data path, and control) sequence through the required
source reads and destination writes to perform the actual data movement. The source reads
are initiated and the fetched data is temporarily stored in the data path module until it is
gated onto the system bus during the destination write. This source read/destination write
processing continues until the inner minor byte count has been transferred. The eDMA done
handshake signal is asserted at the end of the minor byte count transfer.
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Figure 43. eDMA operation, Part 2

After the inner minor byte count has been moved, the final phase of the basic data flow is
performed. In this segment, the address path logic performs the required updates to certain
fields in the channel’'s TCD; for example, SADDR, DADDR, CITER. If the outer major
iteration count is exhausted, then there are additional operations performed. These include
the final address adjustments and reloading of the BITER field into the CITER. Additionally,
assertion of an optional interrupt request occurs at this time, as does a possible fetch of a
new TCD from memory using the scatter-gather address pointer included in the descriptor.
The updates to the TCD memory and the assertion of an interrupt request are shown in
Figure 44.

4
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eDMA peripheral

request

eDMA operation, Part 3

Initialization / Application information

eDMA initialization

eDMA done

A typical initialization of the eDMA has the following sequence:
1. Write the EDMA_CR if a configuration other than the default is desired.
2. Write the channel priority levels into the EDMA_CPRn registers if a configuration other

than the default is desired.

3. Enable error interrupts in the EDMA_EEIRL and/or EDMA_EEIRH registers if desired.

Write the 32-byte TCD for each channel that may request service.

5. Enable any hardware service requests via the EDMA_ERQRH and/or EDMA_ERQRL

registers.

6. Request channel service by software (setting bit EDMA_TCD[START]) or by hardware
(slave device asserting its DMA peripheral request signal).
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After any channel requests service, a channel is selected for execution based on the
arbitration and priority levels written into the programmer's model. The DMA engine reads
the entire TCD, including the primary transfer control parameter shown in Table 42, for the
selected channel into its internal address path module. As the TCD is being read, the first
transfer is initiated on the system bus unless a configuration error is detected. Transfers
from the source (as defined by the source address, EDMA_TCD[SADDR]) to the destination
(as defined by the destination address, EDMA_TCD.DADDR) continue until the specified
number of bytes (EDMA_TCD[NBYTES]) have been transferred. When the transfer is
complete, the DMA engine's local EDMA_TCD[SADDR], EDMA_TCD.DADDR, and
EDMA_TCD.CITER are written back to the main TCD memory and any minor loop channel
linking is performed, if enabled. If the major loop is exhausted, further post processing is
executed; for example, interrupts, major loop channel linking, and scatter-gather operations,

if enabled.

Table 42. TCD primary control and status fields

TCD field name Description
Control bit to start channel when using a software initiated DMA service
START .
(Automatically cleared by hardware)
ACTIVE Status bit indicating the channel is currently in execution
Status bit indicating major loop completion (cleared by software when using a
DONE L .
software initiated DMA service)
D_REQ Control bit to disable DMA request at end of major loop completion when using
- a hardware-initiated DMA service
BWC Control bits for throttling bandwidth control of a channel
E_SG Control bit to enable scatter-gather feature
INT_HALF Control bit to enable interrupt when major loop is half complete
INT_MAJ Control bit to enable interrupt when major loop completes

Figure 45 shows how each DMA request initiates one minor loop transfer (iteration) without
CPU intervention. DMA arbitration can occur after each minor loop, and one level of minor
loop DMA pre-emption is allowed. The number of minor loops in a major loop is specified by
the beginning iteration count (biter).

4
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Current major loop

Example memory array iteration count
(CITER)

DMA request

: Minor loop 3
DMA request

. Minor loop Major loop 2
DMA request

: Minor loop 1

Figure 45. Example of multiple loop iterations

Figure 46 lists the memory array terms and how the TCD settings interrelate.

XADDR: XSIZE: Minor loop Offset (xOFF): Number of
(Starting address) (Size of one data (NBYTES in bytes added to current
transfer) minor loop, often address after each transfer
= the same value (Often the same value
. as xSIZE) as xSIZE)

Each DMA source (S) and
destination (D) has its own:
. . . » Address (XADDR)
Minor loop . Size (xSIZE)
« Offset (xOFF)
* Modulo (xMOD)
« Last address adjustment

XLAST: Number of bytes (XLAST) where x = S or D
added to current address .
after major loop . Last minor loop Peripheral queues typically
(typically used to . have size and offset
loop back) equal to NBYTES

Figure 46. Memory array terms

8.5.2 DMA programming errors

The DMA performs various tests on the transfer control descriptor to verify consistency in
the descriptor data. Most programming errors are reported on a per-channel basis with the
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exception of two errors: group-priority error and channel-priority error, or EDMA_ESR[GPE]
and EDMA_ESR[CPE], respectively.

For all error types other than group- or channel-priority errors, the channel number causing
the error is recorded in the EDMA_ESR. If the error source is not removed before the next
activation of the problem channel, the error is detected and recorded again.

Channel-priority errors are identified within a group after that group has been selected as
the active group. For example, all of the channel priorities in group 1 are unique, but some of
the channel priorities in group O are the same:

The DMA is configured for fixed-group and fixed-channel arbitration modes.

Group 1 is the highest priority and all channels are unique in that group.

Group 0 is the next highest priority and has two channels with the same priority level.
If group 1 has any service requests, those requests are executed.

After all of group 1 requests have completed, group 0 becomes the next active group.

If group O has a service request, then an undefined channel in group 0 is selected and
a channel-priority error will occur.

7. This repeats until the all of group 0 requests have been removed or a higher priority
group 1 request comes in.

o0k whPE

In this sequence, for item 2, the DMA acknowledge lines assert only if the selected channel
is requesting service via the DMA peripheral request signal. If interrupts are enabled for all
channels, the user receives an error interrupt, but the channel number for the EDMA_ER
and the error interrupt request line are undetermined because they reflect the undefined
channel. A group-priority error is global and any request in any group causes a group-
priority error.

If priority levels are not unique, the highest (channel/group) priority that has an active
request is selected, but the lowest numbered (channel/group) with that priority is selected by
arbitration and executed by the DMA engine. The hardware service request handshake
signals, error interrupts, and error reporting are associated with the selected channel.

8.5.3 DMA request assignments

The assignments between the DMA requests from the modules to the channels of the

eDMA are shown in Table 43. The source column is written in C language syntax. The

syntax is module_instance.register[bit].
Table 43. DMA request summary for eDMA

DMA request Channel Source Description

eQADC_FISRO_CFFFO 0 EQADC.FISRO[CFFFO] eQADC Command FIFO 0 Fill Flag
eQADC_FISRO_RFDFO 1 EQADC.FISRO[RFDFO] eQADC Receive FIFO 0 Drain Flag
eQADC_FISR1_CFFF1 2 EQADC.FISR1[CFFF1] eQADC Command FIFO 1 Fill Flag
eQADC_FISR1_RFDF1 3 EQADC.FISR1[RFDF1] eQADC Receive FIFO 1 Drain Flag
eQADC_FISR2_CFFF2 4 EQADC.FISR2[CFFF2] eQADC Command FIFO 2 Fill Flag
eQADC_FISR2_RFDF2 5 EQADC.FISR2[RFDF2] eQADC Receive FIFO 2 Drain Flag
eQADC_FISR3_CFFF3 6 EQADC.FISR3[CFFF3] eQADC Command FIFO 3 Fill Flag
eQADC_FISR3_RFDF3 7 EQADC.FISR3[RFDF3] eQADC Receive FIFO 3 Drain Flag
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Table 43. DMA request summary for eDMA (continued)

DMA request Channel Source Description
eQADC_FISR4_CFFF4 8 EQADC.FISR4[CFFF4] eQADC Command FIFO 4 Fill Flag

eQADC_FISR4_RFDF4 9  |EQADC.FISR4[RFDF4] eQADC Receive FIFO 4 Drain Flag
eQADC_FISR5_CFFF5 10 EQADC.FISR5[CFFF5] eQADC Command FIFO 5 Fill Flag
eQADC_FISR5_RFDF5 11 EQADC.FISR5[RFDF5] eQADC Receive FIFO 5 Drain Flag
DSPIB_SR_TFFF 12 DSPIB.SR[TFFF] DSPIB Transmit FIFO Fill Flag
DSPIB_SR_RFDF 13 |DSPIB.SR[RFDF] DSPIB Receive FIFO Drain Flag
DSPIC_SR_TFFF 14  |DSPIC.SR[TFFF] DSPIC Transmit FIFO Fill Flag
DSPIC_SR_RFDF 15  |DSPIC.SR[RFDF] DSPIC Receive FIFO Drain Flag
DSPID_SR_TFFF 16 DSPID.SR[TFFF] DSPID Transmit FIFO Fill Flag
DSPID_SR_RFDF 17 DSPID.SR[RFDF] DSPID Receive FIFO Drain Flag
eSCIA combined DMA request of
ESCIA.SR[TDRE] || the Transmit Data Register Empty,
eSCIA_COMBTX 18 ESCIA.SR[TC] || Transmit Complete, and LIN
ESCIA.SR[TXRDY] Transmit Data Ready DMA
requests
eSCIA combined DMA request of
ESCIA.SR[RDRF] || the Receive Data Register Full and
eSCIA_COMBRX 19 ESCIA.SR[RXRDY] LIN Receive Data Ready DMA
requests
eMIOS_GFR_FO0 20 EMIOS.GFR[FO] eMIOS channel 0 Flag
eMIOS_GFR_F1 21 |[EMIOS.GFRJF1] eMIOS channel 1 Flag
eMIOS_GFR_F2 22 [EMIOS.GFR[F2] eMIOS channel 2 Flag
eMIOS_GFR_F3 23 [EMIOS.GFR[F3] eMIOS channel 3 Flag
eMIOS_GFR_F4 24 EMIOS.GFR[F4] eMIOS channel 4 Flag
eMIOS_GFR_F8 25 EMIOS.GFR[F8] eMIOS channel 8 Flag
eMIOS_GFR_F9 26 EMIOS.GFR[F9] eMIOS channel 9 Flag
eTPU_CDTRSR_A_DTRSO 27  |ETPU.CDTRSR_A[DTRSO] eTPUA Channel 0 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS1 28 |ETPU.CDTRSR_A[DTRS1] €TPUA Channel 1 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS2 29  |ETPU.CDTRSR_A[DTRS?] eTPUA Channel 2 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS14| 30 |ETPU.CDTRSR_A[DTRS14] eTPUA Channel 14 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS15| 31 |ETPU.CDTRSR_A[DTRS15] eTPUA Channel 15 Data Transfer
Request Status
No Request 32
No Request 33
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Table 43.

DMA request summary for eDMA (continued)

DMA request

Channel

Source

Description

ESCIB.SR[TDRE] ||

eSCIB combined DMA request of
the Transmit Data Register Empty,

eSCIB_COMBTX 34 ESCIB.SR[TC] || Transmit Complete, and LIN
ESCIB.SR[TXRDY] Transmit Data Ready DMA
requests
eSCIB combined DMA request of
ESCIB.SR[RDRF] || the Receive Data Register Full and
eSCIB_COMBRX 35 ESCIB.SR[RXRDY] LIN Receive Data Ready DMA
requests
eMIOS_GFR_F6 36 |[EMIOS.GFR[F6] eMIOS channel 6 Flag
eMIOS_GFR_F7 37  |[EMIOS.GFR[F7] eMIOS channel 7 Flag
eMIOS_GFR_F10 38 EMIOS.GFR[F10] eMIOS channel 10 Flag
eMIOS_GFR_F11 39 EMIOS.GFR[F11] eMIOS channel 11 Flag
eMIOS_GFR_F16 40 EMIOS.GFR[F16] eMIOS channel 16 Flag
eMIOS_GFR_F17 41  |[EMIOS.GFR[F17] eMIOS channel 17 Flag
eMIOS_GFR_F18 42  |[EMIOS.GFR[F18] eMIOS channel 18 Flag
eMIOS_GFR_F19 43  |[EMIOS.GFR[F19] eMIOS channel 19 Flag
eTPU_CDTRSR_A_DTRS12| 44 |ETPU.CDTRSR_A[DTRS12] eTPUA Channel 12 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS13| 45 |ETPU.CDTRSR_A[DTRS13] eTPUA Channel 13 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS28| 46 |ETPU.CDTRSR_A[DTRS28] eTPUA Channel 28 Data Transfer
Request Status
eTPU_CDTRSR_A_DTRS29| 47 |ETPU.CDTRSR_A[DTRS29] eTPUA Channel 29 Data Transfer
Request Status
SIU_EISR_EIFO 48 SIU.SIU_EISR[EIFQ] SIU External Interrupt Flag 0
SIU_EISR_EIF1 49  [SIU.SIU_EISR[EIF1] SIU External Interrupt Flag 1
SIU_EISR_EIF2 50  |SIU.SIU_EISRIEIF2] SIU External Interrupt Flag 2
SIU_EISR_EIF3 51  |SIU.SIU_EISRIEIF3] SIU External Interrupt Flag 3
DECFIL_FILL_BUF_A 52 |DECFIL_A.DECFILTER_IB[INPBUF] |Decimation Filter A Fill Buffer
DECFIL_DRAIN_BUF_A 53 ?ECF”‘—A'DECFILTER—OB[OUTBUF Decimation Filter A Drain Buffer
DECFIL_FILL_BUF_B 54 DECFIL_B.DECFILTER_IB[INPBUF] [Decimation Filter B Fill Buffer
DECFIL_DRAIN_BUF_B 55 ?ECF”‘—B'DECFILTER—OB[OUTBUF Decimation Filter B Drain Buffer
eSCIC combined DMA request of
ESCIC.SR[TDRE] || the Transmit Data Register Empty,
eSCIC_COMBTX 56 ESCIC.SR[TC] || Transmit Complete, and LIN

ESCIC.SR[TXRDY]

Transmit Data Ready DMA
requests
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Table 43. DMA request summary for eDMA (continued)
DMA request Channel Source Description
eSCIC combined DMA request of
ESCIB.SR[RDRF] || the Receive Data Register Full and
eSCIC_COMBRX 57 ESCIB.SR[RXRDY] LIN Receive Data Ready DMA
requests
No Request 58-63 —
8.5.4 DMA arbitration mode considerations

Fixed-group arbitration, fixed-channel arbitration

In this mode, the channel service request from the highest priority channel in the highest
priority group is selected to execute. If the eDMA is programmed so the channels within one
group use fixed priorities, and that group is assigned the highest fixed priority of all groups, it
is possible for that group to take all the bandwidth of the eDMA controller. That is, no other
groups can be serviced if there is always at least one DMA request pending on a channel in
the highest priority group when the controller arbitrates the next DMA request. The
advantage of this scenario is that latency can be small for channels that need to be serviced
quickly. pre-emption is available in this scenario only.

Round-robin group arbitration, fixed-channel arbitration

When one or more DMA requests arrive from one or more groups, the channel with the
highest priority from a specific group is serviced first. Groups are serviced starting with the
highest group number with a service request and rotating through to the lowest group
number containing a service request.

After the channel request is serviced, the group round robin algorithm selects the highest
pending request from the next group in the round-robin sequence. Servicing continues
round robin, always servicing the highest priority channel in the next group in the sequence,
or skipping a group if it has no pending requests.

If a channel requests service at a rate that equals or exceeds the round robin service rate,
then that channel is always serviced before lower priority channels in the same group, and
the lower priority channels are never serviced. The advantage of this scenario is that no one
group can consume all the eDMA bandwidth. The highest priority channel selection latency
is potentially greater than fixed/fixed arbitration. Excessive request rates on high-priority
channels can prevent the servicing of lower priority channels in the same group.

Round-robin group arbitration, round-robin channel arbitration

Groups are serviced as described in Section , Round-robin group arbitration, fixed-channel
arbitration but this time channels are serviced in channel number order. One channel only is
serviced from each requesting group for each round robin pass through the groups.

Within each group, channels are serviced starting with the highest channel number and
rotating through to the lowest channel number without regard to channel priority levels.

Because channels are serviced in round-robin manner, any channel that generates DMA
requests faster than a combination of the group round-robin service rate and the channel
service rate for its group does not prevent the servicing of other channels in its group. Any
DMA requests that are not serviced are simply lost, but at least one channel gets serviced.
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This scenario ensures that all channels are guaranteed service at some point, regardless of
the request rates. However, the potential latency could be high. All channels are treated
equally. Priority levels are not used in round-robin/round-robin mode.

Fixed-group arbitration, round-robin channel arbitration

The highest priority group with a request is serviced. Lower priority groups are serviced if no
pending requests exist in the higher priority groups.

Within each group, channels are serviced starting with the highest channel number and
rotating through to the lowest channel number without regard to the channel priority levels
assigned within the group.

This scenario could cause the same bandwidth consumption problem as indicated in
Section , Fixed-group arbitration, fixed-channel arbitrationbut all the channels in the highest
priority group get serviced. Service latency is short on the highest priority group, but could
potentially get longer and longer as the group priority decreases.

8.5.5 DMA transfer

Single request

To perform a simple transfer of n bytes of data with one activation, set the major loop to ‘1’
(EDMA_TCDICITER] = EDMA_TCDIBITER] = 1). The data transfer begins after the
channel service request is acknowledged and the channel is selected to execute. After the
transfer is complete, bit EDMA_TCD[DONE] is set and an interrupt is generated if properly
enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The eDMA is
programmed for one iteration of the major loop transferring 16 bytes per iteration. The
source memory has a byte wide memory port located at 0x1000. The destination memory
has a word wide port located at 0x2000. The address offsets are programmed in increments
to match the size of the transfer; one byte for the source and four bytes for the destination.
The final source and destination addresses are adjusted to return to their beginning values.

EDMA_TCD|[CITER] = EDMA_TCDI[BITER] =1
EDMA_TCD[NBYTES] = 16
EDMA_TCD[SADDR] = 0x1000
EDMA_TCD[SOFF] =1

EDMA_TCD[SSIZE] =0

EDMA_TCD[SLAST] =-16
EDMA_TCD[DADDR] = 0x2000
EDMA_TCD[DOFF] =4

EDMA_TCDI[DSIZE] = 2
EDMA_TCD[DLAST_SGA] =-16
EDMA_TCDI[INT_MAJ] =1
EDMA_TCDI[START] = 1 (Must be written last after all other fields have been initialized)
All other TCD fields =0

This would generate the following sequence of events:

4
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Slave write to the EDMA_TCD[START] bit requests channel service.
The channel is selected by arbitration for servicing.

eDMA engine writes: EDMA_TCD[DONE] = 0, EDMA_TCD[START] =0,
EDMA_TCD[ACTIVE] = 1.

eDMA engine reads: channel TCD data from local memory to internal register file.
The source to destination transfers are executed as follows:

a) read_byte(0x1000), read_byte(0x1001), read_byte(0x1002), read byte(0x1003)
b) write_word(0x2000) 4 first iteration of the minor loop

c) read_byte(0x1004), read_byte(0x1005), read_byte(0x1006), read byte(0x1007)
d) write_word(0x2004) A second iteration of the minor loop

e) read_byte(0x1008), read_hyte(0x1009), read_byte(0x100A), read_byte(0x100B)
f)  write_word(0x2008) 4 third iteration of the minor loop

g) read_byte(0x100C), read_byte(0x100D), read_byte(Ox100E), read_byte(0x100F)
h)  write_word(0x200C) 4 last iteration of the minor loop A& major loop complete

eDMA engine writes: EDMA_TCD[SADDR] = 0x1000, EDMA_TCD[DADDR] = 0x2000,
EDMA_TCD|[CITER] = 1 (EDMA_TCD[BITER]).

eDMA engine writes: EDMA_TCD[ACTIVE] = 0, EDMA_TCD[DONE] = 1,
EDMA_IRQRn = 1.

The channel retires.

The eDMA goes idle or services the next channel.

Multiple requests

The next example is the same as previous, excepting transferring 32 bytes via two hardware
requests. The only fields that change are the major loop iteration count and the final address
offsets. The eDMA is programmed for two iterations of the major loop transferring 16 bytes
per iteration. After the channel’s hardware requests are enabled in the EDMA_ERQR,
channel service requests are initiated by the slave device (ERQR should be set after TCD).
Note that EDMA_TCD[START] = 0.

EDMA_TCDICITER = EDMA_TCDI[BITER] = 2
EDMA_TCD[NBYTES] = 16
EDMA_TCD[SADDR] = 0x1000
EDMA_TCD[SOFF] =1

EDMA_TCDI[SSIZE] =0

EDMA_TCD[SLAST] =-32
EDMA_TCD[DADDR] = 0x2000
EDMA_TCD[DOFF] = 4

EDMA_TCDI[DSIZE] =2
EDMA_TCD[DLAST_SGA] =-32
EDMA_TCDI[INT_MAJ] =1
EDMA_TCDI[START] = 0 (Must be written last after all other fields have been initialized)
All other TCD fields =0

This generates the following sequence of events:
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7.
8.

First hardware (eDMA peripheral request) request for channel service.
The channel is selected by arbitration for servicing.

eDMA engine writes: EDMA_TCD[DONE] = 0, EDMA_TCD[START] =0,
EDMA_TCD[ACTIVE] = 1.

eDMA engine reads: channel TCD data from local memory to internal register file.
The source to destination transfers are executed as follows:

a) read_byte(0x1000), read_byte(0x1001), read_byte(0x1002), read byte(0x1003)
b) write_word(0x2000) 4 first iteration of the minor loop

c) read_byte(0x1004), read_byte(0x1005), read_byte(0x1006), read byte(0x1007)
d) write_word(0x2004) A second iteration of the minor loop

e) read_byte(0x1008), read_hyte(0x1009), read_byte(0x100A), read_byte(0x100B)
f)  write_word(0x2008) 4 third iteration of the minor loop

g) read_byte(0x100C), read_byte(0x100D), read_byte(Ox100E), read_byte(0x100F)
h) write_word(0x200C) 4 last iteration of the minor loop

eDMA engine writes: EDMA_TCD[SADDR] = 0x1010, EDMA_TCD[DADDR] = 0x2010,
EDMA_TCD|[CITER] = 1.

eDMA engine writes: EDMA_TCD[ACTIVE] = 0.
The channel retires A one iteration of the major loop.

The eDMA goes idle or services the next channel.

9.

10.
11.

12.
13.

14.

15.

16.

Second hardware (eDMA peripheral request) requests channel service.
The channel is selected by arbitration for servicing.

eDMA engine writes: EDMA_TCD[DONE] = 0, EDMA_TCD[START] =0,
EDMA_TCD[ACTIVE] = 1.

eDMA engine reads: channel TCD data from local memory to internal register file.
The source to destination transfers are executed as follows:

a) read_byte(0x1010), read_byte(0x1011), read_byte(0x1012), read byte(0x1013)
b) write_word(0x2010) 4 first iteration of the minor loop

c) read_byte(0x1014), read_byte(0x1015), read_byte(0x1016), read byte(0x1017)
d) write_word(0x2014) A second iteration of the minor loop

e) read_byte(0x1018), read_hyte(0x1019), read_byte(0x101A), read_byte(0x101B)
f)  write_word(0x2018) A third iteration of the minor loop

g) read_byte(0x101C), read_byte(0x101D), read_byte(0Ox101E), read_byte(0x101F)
h) write_word(0x201C) 4 last iteration of the minor loop A& major loop complete

eDMA engine writes: EDMA_TCD[SADDR] = 0x1000, EDMA_TCD[DADDR] = 0x2000,
EDMA_TCD|[CITER] = 2 (EDMA_TCD[BITER]).

eDMA engine writes: EDMA_TCD[ACTIVE] = 0, EDMA_TCD[DONE] =1,
EDMA _IRQRn = 1.
The channel retires /£ major loop complete.

The eDMA goes idle or services the next channel.

Modulo feature

The modulo feature of the eDMA provides the ability to implement a circular data queue in
which the size of the queue is a power of two. MOD is a 5-bit bitfield for both the source and
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destination in the TCD and specifies which lower address bits are allowed to increment from
their original value after the address + offset calculation. All upper address bits remain the
same as in the original value. A setting of O for this field disables the modulo feature.

Table 44 shows how the transfer addresses are specified based on the setting of the MOD
field. Here a circular buffer is created where the address wraps to the original value while
the 28 upper address bits (0x1234567x) retain their original value. In this example the
source address is set to 0x12345670, the offset is set to 4 bytes and the MOD field is set to
4, allowing for a 2* byte (16-byte) size queue.
Table 44. Modulo feature example
Transfer number Address

1 0x12345670

2 0x12345674

3 0x12345678

4 0x1234567C

5 0x12345670

6 0x12345674

8.5.6 TCD status

Minor loop complete

There are two methods to test for minor loop completion when using software initiated
service requests. The first method is to read the field EDMA_TCD|[CITER] and test for a
change. Another method may be extracted from the sequence below. The second method is
to test the bit EDMA_TCD[START] and the bit EDMA_TCD[ACTIVE]. The minor loop
complete condition is indicated by both bits reading zero after EDMA_TCD[START] was
written to a ‘1'. Polling the EDMA_TCD[ACTIVE] bit may be inconclusive because the active
status may be missed if the channel execution is short in duration.

The TCD status bits execute the following sequence for a software activated channel:

1. EDMA_TCD[START] =1, EDMA_TCD[ACTIVE] = 0, EDMA_TCD[DONE] = 0 (channel
service request via software).

2. EDMA_TCD[START] = 0, EDMA_TCD[ACTIVE] = 1, EDMA_TCD[DONE] = 0 (channel
is executing).

3. EDMA_TCD|[START] = 0, EDMA_TCDI[ACTIVE] = 0, EDMA_TCD[DONE] = 0 (channel
has completed the minor loop and is idle), or

4. EDMA_TCDI[START] = 0, EDMA_TCDI[ACTIVE] = 0, EDMA_TCD[DONE] = 1 (channel
has completed the major loop and is idle).

The best method to test for minor loop completion when using hardware initiated service
requests is to read field EDMA_TCDI[CITER] and test for a change. The hardware request
and acknowledge handshakes signals are not visible in the programmer’s model.

The TCD status bits execute the following sequence for a hardware activated channel:
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1. eDMA peripheral request asserts (channel service request via hardware).

2. EDMA_TCD[START] =0, EDMA_TCD[ACTIVE] = 1, EDMA_TCD[DONE] = 0 (channel
is executing).

3. EDMA_TCD[START] = 0, EDMA_TCD[ACTIVE] = 0, EDMA_TCD[DONE] = 0 (channel
has completed the minor loop and is idle), or

4. EDMA_TCDI[START] = 0, EDMA_TCDIJACTIVE] = 0, EDMA_TCD[DONE] = 1 (channel
has completed the major loop and is idle).

For both activation types, the major loop complete status is explicitly indicated via bit
EDMA_TCD[DONE].

Bit EDMA_TCD|[START] is cleared automatically when the channel begins execution,
regardless of how the channel was activated.

Active channel TCD reads

The eDMA will read back the true EDMA_TCD[SADDR], EDMA_TCD[DADDR], and
EDMA_TCDI[NBYTES] values if read while a channel is executing. The true values of the
SADDR, DADDR, and NBYTES are the values the eDMA engine is currently using in its
internal register file and not the values in the TCD local memory for that channel. The
addresses (SADDR and DADDR) and NBYTES (decrements to zero as the transfer
progresses) can give an indication of the progress of the transfer. All other values are read
back from the TCD local memory.

Pre-emption status

Pre-emption is available only when fixed arbitration is selected for both group- and channel-
arbitration modes. A pre-emptable situation is one in which a pre-empt-enabled channel is
running and a higher priority request becomes active. When the eDMA engine is not
operating in fixed group, fixed-channel arbitration mode, the determination of the relative
priority of the actively running and the outstanding requests become undefined. Channel
and group priorities are treated as equal (or more exactly, constantly rotating) when round-
robin arbitration mode is selected.

Bit EDMA_TCD[ACTIVE] for the pre-empted channel remains asserted throughout the pre-
emption. The pre-empted channel is temporarily suspended while the pre-empting channel
executes one iteration of the major loop. Two EDMA_TCD[ACTIVE] bits set at the same time
in the overall TCD map indicates a higher priority channel is actively pre-empting a lower
priority channel.

Channel linking

Channel linking (or chaining) is a mechanism in which one channel sets bit
EDMA_TCDI[START] of another channel (or itself), thus initiating a service request for that
channel. This operation is automatically performed by the eDMA engine at the conclusion of
the major or minor loop when properly enabled.

The minor loop channel linking occurs at the completion of the minor loop (or one iteration of
the major loop). Field EDMA_TCD|[CITER.E_LINK] is used to determine whether a minor
loop link is requested. When enabled, the channel link is made after each iteration of the
minor loop except for the last. When the major loop is exhausted, only the major loop

4
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Table 45.

channel link fields are used to determine if a channel link should be made. For example, with
the initial fields of:

EDMA_TCD[CITER.E_LINK] = 1
EDMA_TCD[CITER.LINKCH] = 0xC
EDMA_TCD[CITER] value = Ox4
EDMA_TCD[MAJOR.E_LINK] = 1
EDMA_TCD[MAJOR.LINKCH] = 0x7

will execute as:

1. Minor loop done 4 set channel 12 EDMA_TCD[START] bit

2. Minor loop done /A set channel 12 EDMA_TCD[START] bit

3. Minor loop done /£ set channel 12 EDMA_TCD[START] bit

4. Minor loop done, major loop done A set channel 7 EDMA_TCD[START] bit

When minor loop linking is enabled (EDMA_TCD|[CITER.E_LINK] = 1), field
EDMA_TCDI[CITER] uses a 9-bit vector to form the current iteration count.

When minor loop linking is disabled (EDMA_TCD[CITER.E_LINK] = 0), field
EDMA_TCDICITER] uses a 15-bit vector to form the current iteration count. The bits
associated with field EDMA_TCD|[CITER.LINKCH] are concatenated onto the CITER value
to increase the range of the CITER.

After configuration, bit EDMA_TCD[CITER.E_LINK] and bit EDMA_TCD|[BITER.E_LINK]
must be equal or a configuration error is reported. The CITER and BITER vector widths
must be equal to calculate the major loop, halfway done interrupt point.

Table 45 summarizes how a DMA channel can link to another DMA channel, that is, use
another channel’s TCD, at the end of a loop.

Channel linking parameters

Desired link behavior | TCD control field name Description

Link at end of minor loop

Enable channel-to-channel linking on minor loop completion

citer.e_link . .
- (current iteration).

Link channel number when linking at end of minor loop

citer.linkch (current iteration).

Link at end of major loop

major.e_link Enable channel-to-channel linking on major loop completion.

major.linkch Link channel number when linking at end of major loop.

8.5.8

Dynamic programming

Dynamic channel linking

Dynamic channel linking is the process of setting the TCD.major.e_link bit during channel
execution. This bit is read from the TCD local memory at the end of channel execution, thus
allowing the user to enable the feature during channel execution.

Because the user is allowed to change the configuration during execution, a coherency
model is needed. Consider the scenario where the user attempts to execute a dynamic
channel link by enabling the TCD.major.e_link bit at the same time the eDMA engine is
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retiring the channel. The TCD.major.e_link would be set in the programmer’s model, but it
would be unclear whether the actual link was made before the channel retired.

The coherency model in Table 46 is recommended when executing a dynamic channel link
request.

Table 46. Coherency model for a dynamic channel link request

Step Action

1 Write 1b to the TCD.major.e_link bit.
2 Read back the TCD.major.e_link bit.

Test the TCD.major.e_link request status:
— If TCD.major.e_link = 1b, the dynamic link attempt was successful.

— If TCD.major.e_link = Ob, the attempted dynamic link did not succeed (the channel was
already retiring).

For this request, the TCD local memory controller forces the TCD.major.e_link bit to zero on
any writes to a channel’s TCD.word7 after that channel’'s TCD.done bit is set, indicating the
major loop is complete.

The user must clear the TCD.done bit before writing the TCD.major.e_link bit. The
TCD.done bit is cleared automatically by the eDMA engine after a channel begins execution.

Dynamic scatter/gather

Dynamic scatter/gather is the process of setting the TCD.e_sg bit during channel execution.
This bit is read from the TCD local memory at the end of channel execution, thus allowing
the user to enable the feature during channel execution.

Because the user is allowed to change the configuration during execution, a coherency
model is needed. Consider the scenario where the user attempts to execute a dynamic
scatter/gather operation by enabling the TCD.e_sg bit at the same time the eDMA engine is
retiring the channel. The TCD.e_sg would be set in the programmer’s model, but it would be
unclear whether the actual scatter/gather request was honored before the channel retired.

Two methods for this coherency model are shown in the following subsections. Method 1
has the advantage of reading the major.linkch field and the e_sg bit with a single read. For
both dynamic channel linking and scatter/gather requests, the TCD local memory controller
forces the TCD.major.e_link and TCD.e_sg bits to zero on any writes to a channel’s
TCD.word7 if that channel’'s TCD.done bit is set indicating the major loop is complete.

The user must clear the TCD.done bit before writing the TCD.major.e_link or TCD.e_sg bits.
The TCD.done bit is cleared automatically by the eDMA engine after a channel begins
execution.

Method 1 (channel not using major loop channel linking)

For a channel not using major loop channel linking, the coherency model in Table 47 may be
used for a dynamic scatter/gather request.

When the TCD.major.e_link bit is zero, the TCD.major.linkch field is not used by the eDMA.
In this case, the TCD.major.linkch bits may be used for other purposes. This method uses
the TCD.major.linkch field as a TCD indentification (ID).

4
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Table 47. Coherency model for method 1
Step Action
1 When the descriptors are built, write a unique TCD ID in the TCD.major.linkch field for
each TCD associated with a channel using dynamic scatter/gather.
Write 1b to theTCD.d_req bit.
2 Should a dynamic scatter/gather attempt fail, setting the d_req bit will prevent a future hardware
activation of this channel. This stops the channel from executing with a destination address
(daddr) that was calculated using a scatter/gather address (written in the next step) instead of
a dlast final offest value.
3 Write theTCD.dlast_sga field with the scatter/gather address.
4 Write 1b to the TCD.e_sg bit.
5 Read back the 16 bit TCD control/status field.
Test the TCD.e_sg request status and TCD.major.linkch value:
— If e_sg = 1b, the dynamic link attempt was successful.
6 — If e_sg = Ob and the major.linkch (ID) did not change, the attempted dynamic link did not
succeed (the channel was already retiring).
— If e_sg = Ob and the major.linkch (ID) changed, the dynamic link attempt was successful
(the new TCD'’s e_sg value cleared the e_sg bit).

Method 2 (channel using major loop linking)

For a channel using major loop channel linking, the coherency model in Table 48 may be
used for a dynamic scatter/gather request. This method uses the TCD.dlast_sga field as a
TCD indentification (ID).

Table 48.

Coherency model for method 2

Step

Action

Write 1b to theTCD.d_req bit.

Should a dynamic scatter/gather attempt fail, setting the d_req bit will prevent a future hardware
activation of this channel. This stops the channel from executing with a destination address
(daddr) that was calculated using a scatter/gather address (written in the next step) instead of
a dlast final offest value.

Write theTCD.dlast_sga field with the scatter/gather address.

Write 1b to the TCD.e_sg hit.

Read back the TCD.e_sg hit.

Test the TCD.e_sg request status:

— I