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Addendum for Revision 6

1 Addendum for Revision 6

Table 1. Addendum for Revision 6

Chapter 1“Introduction”/
Section “MPC5634M Device
Summary/

Table 1. MPC5634M family
device summary/

Page 31

The MPC5634M Device Summary table “Table 1.MPC5634M family device summary” lists
that MPC5632M has 8 eMIOS(enhanced modular input-output system)channels.

Change to:

MPC5632M has 16 eMIOS(enhanced modular input-output system)channels.

Chapter 10“C90LC Flash
Memory”/Section “10.3.3.1.2
Block Erase”/Page 225

In the “Block Erase” section under the sequence of events for erase operation change the
“step 3”.

Change from:Write to any address in flash. This is referred to as an erase interlock write.
Change to:Write to any address in the respective flash array. This is referred to as an erase
interlock write.

Chapter 26

Enhanced Serial Communication
Interface (eSCl)/Section
“26.4.2.1 SCI control register 1
(SCI_CR1)’/Figure 555. SCI
control register 1
(SCI_CR1)/Page 986/

In the Figure 556 (SCI control register 1 (SCI_CR1)) chage the access of bits 16 and 18-31
from “Read Only” to “Read /Write”.

Chapter 26

Enhanced Serial Communication
Interface (eSCl)/Section
“26.4.2.4 SR register
(SCI_SR)"/Figure 558. Status
register (SCI_SR)/Page 992

IIn the Figure 559 (Status register (SCI_SR))
CHANGE FROM: TDRE and TXRDY Reset value is 0.
CHANGE TO: TDRE and TXRDY Reset value is 1.

2

Revision History

Table 2 provides a revision history for this document.

Table 2. Revision History

Rev. Number

Substantive Changes Date of Release

1.0

« Initial release.

09/2012
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Preface

Overview

The primary objective of this document is to define the functionality of the MPC5634M family of
microcontrollers for use by software and hardware developers. The MPC5634M 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 Freescale Web site at
http://www.freescale.com/.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the MPC5634M 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:
* The device as a whole
* 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 MPC5634M family:

* JEEE-ISTO 5001™ -2003 and 2010, The Nexus 5001™ Forum Standard for a Global Embedded
Processor Debug Interface

+ IEEE 1149.1-2001 standard - IEEE Standard Test Access Port and Boundary-Scan Architecture

*  PowerPC Book E V1.0
(http://www.freescale.com/files/32bit/doc/user guide/BOOK EUM.pdf?fsrch=1)
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Chapter 1
Introduction

1.1 The MPC5634M Microcontroller Family

The MPC5634M is a family of system-on-chip devices that are built on Power Architecture ™ technology

and:

* Are 100% user-mode compatible with the classic Power Architecture instruction set

» Contain enhancements that improve the architecture’s fit in embedded applications

* Include additional instruction support for digital signal processing (DSP)

» Integrate technologies, such as an enhanced time processor unit, enhanced queued

analog-to-digital converter, Controller Area Network, and an enhanced modular input-output
system, that are important for today’s lower-end powertrain applications

1.2

MPC5634M Device Summary

Table 1 summarizes the MPC5634M family of microcontrollers.

Table 1. MPC5634M family device summary

Feature MPC5634M MPC5633M MPC5632M
Flash memory size (KB) 1536 1024 768
Total SRAM size (KB) 94 64 48
Standby SRAM size (KB) 32 32 24

Processor core

32-bit €200z335
with SPE and FPU

32-bit e200z335
with SPE and FPU

32-bit e200z335
with SPE and FPU

support support support
Core frequency (MHz) 60/80 40/60/80 40/60
Calibration bus width' 16 bits 16 bits —
DMA (direct memory access) channels 32 32 32
eMIOS (enhanced modular input-output system) 16 16 8
channels
eQADC (enhanced queued analog-to-digital Up to 342 Up to 342 Up to 322
converter) channels (on-chip)
eSCI (serial communication interface) 2 2 2
DSPI (deserial serial peripheral interface) 2 2 2
Microsecond Channel compatible interface 2 2 2
eTPU (enhanced time processor unit) Yes Yes Yes
Channels 32 32 32
Code memory (KB) 14 14 14
Parameter RAM (KB) 3 3 3
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Table 1. MPC5634M family device summary (continued)

1.3

1.3

Feature MPC5634M MPC5633M MPC5632M
FlexCAN (controller area network)> 2 2 2
FMPLL (frequency-modulated phase-locked loop) Yes Yes Yes
INTC (interrupt controller) channels 3644 3644 3644
JTAG controller Yes Yes Yes
NDI (Nexus development interface) level Class 2+ Class 2+ Class 2+
Non-maskable interrupt and critical interrupt Yes Yes Yes
PIT (periodic interrupt timers) 5 5 5
Task monitor timer 4 channels 4 channels 4 channels
Temperature sensor Yes Yes Yes
Windowing software watchdog Yes Yes Yes
Packages 144 LQFP 144 LQFP 144 LQFP

176 LQFP 176 LQFP
208 MAPBGA 208 MAPBGA

NOTES:

' Calibration package only.

A 0N

sources plus 8 software interrupts available to the user.

MPC5634M Blocks

A Block Diagram

The 176-pin and 208-pin packages have 34 input channels; 144-pin package has 32.
One FlexCAN module has 64 message buffers; the other has 32 message buffers.
165 interrupt channels are reserved for compatibility with future devices. This device has 191 peripheral interrupt

Figure 1 shows a top-level block diagram of the MPC5634M family.
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Figure 1. MPC5634M Block Diagram (MPC5634M)

1.3.2 Block Summary
Table 2 summarizes the functions of the blocks present on the MPC5634M family.
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Table 2. MPC5634M Block Summary

Block Function

€200z335 core Executes programs and interrupt handlers

Flash memory Provides storage for program code, constants, and variables

RAM (random-access memory) Provides storage for program code, constants, and variables

Calibration bus Transfers data across the crossbar switch to/from peripherals attached
to the VertiCal connector

DMA (direct memory access) Performs complex data movements with minimal intervention from the
core

DSPI (deserial serial peripheral interface) Provides a synchronous serial interface for communication with
external devices

eMIOS (enhanced modular input-output Provides the functionality to generate or measure events

system)

eQADC (enhanced queued analog-to-digital |Provides accurate and fast conversions for a wide range of

converter) applications

eSCl (serial communication interface) Allows asynchronous serial communications with peripheral devices
and other microcontroller units

eTPU (enhanced time processor unit) Processes real-time input events, performs output waveform

channels generation, and accesses shared data without host intervention

FlexCAN (controller area network) Supports the standard CAN communications protocol

FMPLL (frequency-modulated phase-locked |Generates high-speed system clocks and supports the programmable

loop) frequency modulation of these clocks

INTC (interrupt controller) Provides priority-based preemptive scheduling of interrupt requests

JTAG controller Provides the means to test chip functionality and connectivity while
remaining transparent to system logic when not in test mode

NPC (Nexus port controller) Provides real-time development support capabilities in compliance
with the IEEE-ISTO 5001-2003 standard

PIT (periodic interrupt timer) Produces periodic interrupts and triggers

SWT (software watchdog timer) Provides protection from runaway code

STM (system timer module) Timer providing a set of output compare events to support AUTOSAR

(Automotive Open System Architecture) and operating system tasks

Temperature sensor Provides the temperature of the device as an analog value

14 MPC5634M Features

1.4.1 Feature List

* Operating Parameters
— Fully static operation, 0 MHz — 80 MHz (plus 2% frequency modulation - 82 MHz)
— —40 °C to 150 °C junction temperature operating range
— Low power design
— Less than 400 mW power dissipation (nominal)

MPC5634M Microcontroller Reference Manual, Rev. 6

34 Freescale Semiconductor



— Designed for dynamic power management of core and peripherals
— Software controlled clock gating of peripherals

— Low power stop mode, with all clocks stopped

Fabricated in 90 nm process

1.2 V internal logic

Single power supply with 5.0 V -10% / +5% (4.5 V to 5.25 V) with internal regulator to
provide 3.3 V and 1.2 V for the core

Input and output pins with 5.0 V -10% / +5% (4.5 V to 5.25 V) range
— 35%/65% Vppg CMOS switch levels (with hysteresis)

— Selectable hysteresis

— Selectable slew rate control

Nexus pins powered by 3.3 V supply

Designed with EMI reduction techniques

— Phase-locked loop

— Frequency modulation of system clock frequency

— On-chip bypass capacitance

— Selectable slew rate and drive strength

* High performance e200z335 core processor

32-bit Power Architecture Book E programmer’s model
Variable Length Encoding Enhancements

— Allows Power Architecture instruction set to be optionally encoded in a mixed 16 and 32-bit
instructions

— Results in smaller code size

Single issue, 32-bit Power Architecture technology compliant CPU
In-order execution and retirement

Precise exception handling

Branch processing unit

— Dedicated branch address calculation adder

— Branch acceleration using Branch Lookahead Instruction Buffer
Load/store unit

— One-cycle load latency

— Fully pipelined

— Big and Little Endian support

— Misaligned access support

— Zero load-to-use pipeline bubbles

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

Memory management unit (MMU) with 16-entry fully-associative translation look-aside
buffer (TLB)

Separate instruction bus and load/store bus
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Vectored interrupt support

Interrupt latency < 120 ns @ 80 MHz (measured from interrupt request to execution of first
instruction of interrupt exception handler)

Non-maskable interrupt (NMI) input for handling external events that must produce an
immediate response, e.g., power down detection. On this device, the NMI input is connected
to the Critical Interrupt Input. (May not be recoverable)

Critical Interrupt input. For external interrupt sources that are higher priority than provided by
the Interrupt Controller. (Always recoverable)

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

— Operating on all 32 GPRs that are all extended to 64 bits wide

— Provides a full compliment of vector and scalar integer and floating point arithmetic
operations (including integer vector MAC and MUL operations) (SIMD)

— Provides rich array of extended 64-bit loads and stores to/from extended GPRs
— Fully code compatible with €200z6 core

Floating point (FPU)

IEEE 754 compatible with software wrapper

Scalar single precision in hardware, double precision with software library

Conversion instructions between single precision floating point and fixed point

— Fully code compatible with €200z6 core

Long cycle time instructions, except for guarded loads, do not increase interrupt latency
Extensive system development support through Nexus debug port

* Advanced microcontroller bus architecture (AMBA) crossbar switch (XBAR)

Three master ports, four slave ports

— Masters: CPU Instruction bus; CPU Load/store bus (Nexus); eEDMA
— Slave: Flash; SRAM; Peripheral Bridge; calibration EBI

32-bit internal address bus, 64-bit internal data bus

* Enhanced direct memory access (¢éDMA) controller

32 channels support independent 8-bit, 16-bit, or 32-bit single value or block transfers
Supports variable sized queues and circular queues

Source and destination address registers are independently configured to post-increment or
remain constant

Each transfer is initiated by a peripheral, CPU, or eDMA channel request

Each eDMA channel can optionally send an interrupt request to the CPU on completion of a
single value or block transfer

* Interrupt controller (INTC)

191 peripheral interrupt request sources
8 software setable interrupt request sources
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9-bit vector

— Unique vector for each interrupt request source

— Provided by hardware connection to processor or read from register

Each interrupt source can be programmed to one of 16 priorities

Preemption

— Preemptive prioritized interrupt requests to processor

— ISR at a higher priority preempts ISRs or tasks at lower priorities

— Automatic pushing or popping of preempted priority to or from a LIFO

— Ability to modify the ISR or task priority. Modifying the priority can be used to implement
the Priority Ceiling Protocol for accessing shared resources.

Low latency—three clocks from receipt of interrupt request from peripheral to interrupt request

to processor

* Frequency Modulating Phase-locked loop (FMPLL)

Reference clock pre-divider (PREDIV) for finer frequency synthesis resolution

Reduced frequency divider (RFD) for reducing the FMPLL output clock frequency without
forcing the FMPLL to re-lock

System clock divider (SYSDIV) for reducing the system clock frequency in normal or bypass
mode

Input clock frequency range from 4 MHz to 20 MHz before the pre-divider, and from 4 MHz
to 16 MHz at the FMPLL input

Voltage controlled oscillator (VCO) range from 256 MHz to 512 MHz

VCO free-running frequency range from 25 MHz to 125 MHz

Four bypass modes: crystal or external reference with PLL on or off

Two normal modes: crystal or external reference

Programmable frequency modulation

— Triangle wave modulation

— Register programmable modulation frequency and depth

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

— User-selectable ability to generate an interrupt request upon loss of lock

— User-selectable ability to generate a system reset upon loss of lock

Clock quality monitor (CQM) module provides loss-of-clock detection for the FMPLL
reference and output clocks

— User-selectable ability to generate an interrupt request upon loss of clock

— User-selectable ability to generate a system reset upon loss of clock

— Backup clock (reference clock or FMPLL free-running) can be applied to the system in case
of loss of clock

» (Calibration bus interface (EBI)

Available only in the calibration package (496 CSP package)
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— 18Vt033V+10%I1/0 (1.6 Vto3.6 V)

— Memory controller with support for various memory types

— 16-bit data bus, up to 22-bit address bus

— Selectable drive strength

— Configurable bus speed modes

— Bus monitor

— Configurable wait states

System integration unit (SIU)

— Centralized GPIO control of 80 I/O pins

— Centralized pad control on a per-pin basis
— Pin function selection

Configurable weak pull-up or pull-down
— Drive strength
— Slew rate

Hysteresis
— System reset monitoring and generation
— External interrupt inputs, filtering and control
— Critical Interrupt control
— Non-Maskable Interrupt control
— Internal multiplexer subblock (IMUX)
— Allows flexible selection of eQADC trigger inputs (eTPU, eMIOS and external signals)
— Allows selection of interrupt requests between external pins and DSPI
Error correction status module (ECSM)
— Configurable error-correcting codes (ECC) reporting
— Single-bit error correction reporting
On-chip flash memory
— Up to 1.5 MB flash memory, accessed via a 64-bit wide bus interface
— 16 KB shadow block
— Fetch Accelerator
— Provide single cycle flash access at 80 MHz
— Quadruple 128-bit wide prefetch/burst buffers
— Prefetch buffers can be configured to prefetch code or data or both
— Censorship protection scheme to prevent flash content visibility

— Flash divided into two independent arrays, allowing reading from one array while
erasing/programming the other array (used for EEPROM emulation)

— Memory block:
— For MPC5634M: 18 blocks (4 x 16 KB, 2 x 32 KB, 2 x 64 KB, 10 x 128 KB)
— For MPC5633M: 14 blocks (4 x 16 KB, 2 x 32 KB, 2 x 64 KB, 6 x 128 KB)
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— For MPC5632M: 12 blocks (4 x 16 KB, 2 x 32 KB, 2 x 64 KB, 4 x 128 KB)
— Hardware programming state machine
On-chip static RAM
— For MPC5634M: 94 KB general purpose RAM of which 32 KB are on standby power supply
— For MPC5633M: 64 KB general purpose RAM of which 32 KB are on standby power supply
— For MPC5632M: 48 KB general purpose RAM of which 24 KB are on standby power supply
Boot assist module (BAM)

— Enables and manages the transition of MCU from reset to user code execution in the following
configurations:

— Execution from internal flash memory
— Execution from external memory on the calibration bus
— Download and execution of code via FlexCAN or eSCI
Periodic interrupt timer (PIT)
— 32-bit wide down counter with automatic reload
— Four channels clocked by system clock
— One channel clocked by crystal clock
— Each channel can produce periodic software interrupt
— Each channel can produce periodic triggers for cQADC queue triggering

— One channel out of the five can be used as wake-up timer to wake device from low power stop
mode

System timer module (STM)

— 32-bit up counter with 8-bit prescaler

— Clocked from system clock

— Four-channel timer compare hardware

— Each channel can generate a unique interrupt request

— Designed to address AUTOSAR task monitor function

Software watchdog timer (SWT)

— 32-bit timer

— Clock by system clock or crystal clock

— Can generate either system reset or non-maskable interrupt followed by system reset
— Enabled out of reset

Enhanced modular I/O system (eMIOS)

— 16 timer channels (up to 14 channels in 144 LQFP)

— 24-bit timer resolution

— Supports a subset of the timer modes found in eMIOS on MPC5554

— 3 selectable time bases plus shared time or angle counter bus from eTPU2
— DMA and interrupt request support

— Motor control capability
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Second-generation enhanced time processor unit (eTPU2)

Object-code compatible with eTPU—no changes are required to hardware or software if only
eTPU features are used

Intelligent co-processor designed for timing control

High level tools, assembler and compiler available

32 channels (each channel has dedicated I/O pin in all packages)

24-bit timer resolution

14 KB code memory and 3 KB data memory

Double match and capture on all channels

Angle clock hardware support

Shared time or angle counter bus with eMIOS

DMA and interrupt request support

Nexus Class 1 debug support

eTPU2 enhancements

— Counters and channels can run at full system clock speed

— Software watchdog

— Real-time performance monitor

— Instruction set enhancements for smaller more flexible code generation
— Programmable channel mode for customization of channel operation

Enhanced queued A/D converter (¢€QADC)

Two independent on-chip redundant signed digit (RSD) cyclic ADCs
— 8-, 10-, and 12-bit resolution
— Differential conversions

— Targets up to 10-bit accuracy at 500 KSample/s (ADC_CLK = 7.5 MHz) and 8-bit accuracy
at 1 MSample/s (ADC_CLK = 15 MHz) for differential conversions

— Differential channels include variable gain amplifier (VGA) 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; low value of 5 kQ)

— 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

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

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

— Temperature sensor to enable measurement of die temperature

— Ability to measure all power supply pins directly

Automatic application of ADC calibration constants

— Provision of reference voltages (25% VREF and 75% VREF) for ADC calibration purposes

Up to 34! input channels available to the two on-chip ADCs
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— Four pairs of differential analog input channels

— Full duplex synchronous serial interface to an external device
— Has a free-running clock for use by the external device
— Supports a 26-bit message length

— Transmits a null message when there are no triggered CFIFOs with commands bound for
external CBuffers, or when there are triggered CFIFOs with commands bound for external
CBulfters but the external CBuffers are full

— Parallel Side Interface to communicate with an on-chip companion module
— Zero jitter triggering for queue 0. (Queue 0 trigger causes current conversion to be aborted and

the queued conversions in the CBUFFER to be bypassed. Delay from Trigger to start of
conversion is 13 system clocks + 1 ADC clock.)

— eQADC Result Streaming. Generation of a continuous stream of ADC conversion results from
a single eQADC command word. Controlled by two different trigger signals; one to define the
rate at which results are generated and the other to define the beginning and ending of the
stream. Used to digitize waveforms during specific time/angle windows, e.g., engine knock
sensor sampling.

— Angular Decimation. The ability of the eQADC to sample an analog waveform in the time
domain, perform Finite Impulse Response (FIR) or Infinite Impulse Response (IIR) filtering
also in the time domain, but to down sample the results in the angle domain. Resulting in a time
domain filtered result at a given engine angle.

— Priority Based CFIFOs

— Supports six CFIFOs with fixed priority. The lower the CFIFO number, the higher its
priority. When commands of distinct CFIFOs are bound for the same CBuffer, the higher
priority CFIFO is always served first.

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

— Supports four external 8-to-1 muxes which can expand the input channel number from 34! to
59

* Two deserial serial peripheral interface modules (DSPI)
— SPI

— Full duplex communication ports with interrupt and DMA request support
— Supports all functional modes from QSPI subblock of QSMCM (MPC5xx family)
— Support for queues in RAM
— 6 chip selects, expandable to 64 with external demultiplexers
— Programmable frame size, baud rate, clock delay and clock phase on a per frame basis
— Modified SPI mode for interfacing to peripherals with longer setup time requirements

1. 176-pin and 208-pin packages have 34 input channels; 144-pin package has 32.
1. 176-pin and 208-ball packages.
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— LVDS option for output clock and data to allow higher speed communication
Deserial serial interface (DSI)

— Pin reduction by hardware serialization and deserialization of eTPU, eMIOS channels and
GPIO

— 32 bits per DSPI module
— Triggered transfer control and change in data transfer control (for reduced EMI)
— Compatible with Microsecond Channel Version 1.0 downstream

Two enhanced serial communication interface (eSCI) modules

UART mode provides NRZ format and half or full duplex interface

eSCI bit rate up to 1 Mbps

Advanced error detection, and optional parity generation and detection

Word length programmable as 8, 9, 12 or 13 bits

Separately enabled transmitter and receiver

LIN support

DMA support

Interrupt request support

Programmable clock source: system clock or oscillator clock

Support Microsecond Channel (Timed Serial Bus - TSB) upstream Version 1.0

Two FlexCAN

One with 32 message buffers; the second with 64 message buffers

Full implementation of the CAN protocol specification, Version 2.0B

Based on and including all existing features of the Freescale TouCAN module
Programmable acceptance filters

Short latency time for high priority transmit messages

Arbitration scheme according to message ID or message buffer number
Listen only mode capabilities

Programmable clock source: system clock or oscillator clock

Message buffers may be configured as mailboxes or as FIFO

Nexus port controller (NPC)

Per IEEE-ISTO 5001-2003

Real time development support for Power Architecture core and eTPU engine through Nexus
class 2/1

Read and write access (Nexus class 3 feature that is supported on this device)
— Run-time access of entire memory map

— Calibration

Support for data value breakpoints / watchpoints

— Run-time access of entire memory map

— Calibration
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Table constants calibrated using MMU and internal and external RAM
Scalar constants calibrated using cache line locking
— Configured via the IEEE 1149.1 (JTAG) port
» IEEE 1149.1 JTAG controller (JTAGC)
— IEEE 1149.1-2001 Test Access Port (TAP) interface
— 5-bit instruction register that supports IEEE 1149.1-2001 defined instructions
— 5-bit instruction register that supports additional public instructions

— Three test data registers: a bypass register, a boundary scan register, and a device identification
register

— Censorship disable register. By writing the 64-bit serial boot password to this register,
Censorship may be disabled until the next reset

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

*  On-chip Voltage Regulator for single 5 V supply operation
— On-chip regulator 5 V to 3.3 V for internal supplies
— On-chip regulator controller 5 V to 1.2 V (with external bypass transistor) for core logic
* Low-power modes
— SLOW Mode. Allows device to be run at very low speed (approximately 1 MHz), with
modules (including the PLL) selectively disabled in software

— STOP Mode. System clock stopped to all modules including the CPU. Wake-up timer used to
restart the system clock after a predetermined time

1.5 MPC5634M Feature Details

1.5.1 e200z335 core

The 2002335 processor utilizes a four stage pipeline for instruction execution. The Instruction Fetch
(stage 1), Instruction Decode/Register file Read/Effective Address Calculation (stage 2), Execute/Memory
Access (stage 3), and Register Writeback (stage 4) stages operate in an overlapped fashion, allowing single
clock instruction execution for most instructions.

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, result feed-forward hardware, and
support hardware for division.

Most arithmetic and logical operations are executed in a single cycle with the exception of the divide
instructions. A Count-Leading-Zeros unit operates in a single clock cycle. The Instruction Unit contains a
PC incrementer and a dedicated Branch Address adder 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 is performed to accelerate taken branches. Prefetched instructions are
placed into an instruction buffer capable of holding six instructions.
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Branches can also be decoded at the instruction buffer and branch target addresses calculated prior to the
branch reaching the instruction decode stage, allowing the branch target to be prefetched early. When a
branch is detected at the instruction buffer, a prediction may be made on whether the branch is taken or
not. If the branch is predicted to be taken, a target fetch is initiated and its target instructions are placed in
the instruction buffer following the branch instruction. Many branches take zero cycle to execute by using
branch folding. Branches are folded out from the instruction execution pipe whenever possible. These
include unconditional branches and conditional branches with condition codes that can be resolved early.

Conditional branches which are not taken and not folded execute in a single clock. Branches with
successful target prefetching which are not folded have an effective execution time of one clock. All other
taken branches have an execution time of two clocks. Memory load and store operations are provided for
byte, halfword, and word (32-bit) 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. Also, a load-to-use dependency does not incur any pipeline bubbles for most
cases.

The Condition Register unit supports the condition register (CR) and condition register operations defined
by the Power Architecture. 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 provide 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 hardware floating-point unit utilizes the IEEE-754 single-precision floating-point format and supports
single-precision floating-point operations in a pipelined fashion. The general purpose register file is used
for source and destination operands, thus there is a unified storage model for single-precision
floating-point data types of 32 bits and the normal integer type. Single-cycle floating-point add, subtract,
multiply, compare, and conversion operations are provided. Divide instructions are multi-cycle and are not
pipelined.

The Signal Processing Extension (SPE) Auxiliary Processing Unit (APU) provides hardware SIMD
operations and supports a full complement of dual integer arithmetic operation including Multiply
Accumulate (MAC) and dual integer multiply (MUL) in a pipelined fashion. The general purpose register
file is enhanced such that all 32 of the GPRs are extended to 64 bits wide and are used for source and
destination operands, thus there is a unified storage model for 32x32 MAC operations which generate
greater than 32-bit results.

The majority of both scalar and vector operations (including MAC and MUL) are executed in a single
clock cycle. Both scalar and vector divides take multiple clocks. The SPE APU also provides extended
load and store operations to support the transfer of data to and from the extended 64-bit GPRs. This SPE
APU is fully binary compatible with e200z6 SPE APU used in MPC5554 and MPC5553.

The CPU includes support for Variable Length Encoding (VLE) instruction enhancements. This enables
the classic Power Architecture instruction set to be represented by a modified instruction set made up from
a mixture of 16- and 32-bit instructions. This results in a significantly smaller code size footprint without
noticeably affecting performance. The Power Architecture instruction set and VLE instruction set are

MPC5634M Microcontroller Reference Manual, Rev. 6

44 Freescale Semiconductor



available concurrently. Regions of the memory map are designated as PPC or VLE using an additional
configuration bit in each of Table Look-aside Buffers (TLB) entries in the MMU.

The CPU core is enhanced by the addition of two additional interrupt sources; Non-Maskable Interrupt and
Critical Interrupt. These two sources are routed directly from package pins, via edge detection logic in the
SIU to the CPU, bypassing completely the Interrupt Controller. Once the edge detection logic is
programmed, it cannot be disabled, except by reset. The non-maskable Interrupt is, as the name suggests,
completely un-maskable and when asserted will always result in the immediate execution of the respective
interrupt service routine. The non-maskable interrupt is not guaranteed to be recoverable. The Critical
Interrupt is very similar to the non-maskable interrupt, but it can be masked by other exceptional interrupts
in the CPU and is guaranteed to be recoverable (code execution may be resumed from where it stopped).

The CPU core has an additional ‘Wait for Interrupt’ instruction that is used in conjunction with low power
STOP mode. When Low Power Stop mode is selected, this instruction is executed to allow the system
clock to be stopped. An external interrupt source or the system wake-up timer is used to restart the system
clock and allow the CPU to service the interrupt.

1.5.2 Crossbar

The XBAR multi-port crossbar switch supports simultaneous connections between three 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:
* 3 master ports:
— ¢€200z335 core complex Instruction port
— 2002335 core complex Load/Store port
— eDMA
* 4slave ports
— FLASH
— calibration bus
— SRAM

— Peripheral bridge A/B (eTPU2, eMIOS, SIU, DSPI, eSCI, FlexCAN, eQADC, BAM,
decimation filter, PIT, STM and SWT)

* 32-bit internal address, 64-bit internal data paths
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1.5.3 eDMA

The enhanced direct memory access (¢DMA) controller is a second-generation module capable of
performing complex data movements via 32 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 is utilized
to minimize the overall block size. The eDMA module provides the following features:

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

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

» Transfer control descriptor organized to support two-deep, nested transfer operations
* An inner data transfer loop defined by a “minor” byte transfer count
* An outer data transfer loop defined by a “major” iteration count
* 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)
» Support for fixed-priority and round-robin channel arbitration
» Channel completion reported via optional interrupt requests
* 1 interrupt per channel, optionally asserted at completion of major iteration count
* Error termination interrupts are optionally enabled
*  Support for scatter/gather DMA processing
* Channel transfers can be suspended by a higher priority channel

154 Interrupt controller

The INTC (interrupt controller) provides priority-based preemptive scheduling of interrupt requests,
suitable for statically scheduled hard real-time systems. The INTC allows interrupt request servicing from
up to 191 peripheral interrupt request sources, plus 165 sources reserved for compatibility with other
family members).

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 can not preempt each other.
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Multiple processors can assert interrupt requests to each other through software setable interrupt requests.
These same software setable interrupt requests also can be used to break the work involved in servicing an
interrupt request into a high priority portion and a low priority portion. The high priority portion is initiated
by a peripheral interrupt request, but then the ISR asserts a software setable interrupt request to finish the
servicing in a lower priority ISR. Therefore these software setable interrupt requests can be used instead
of the peripheral ISR scheduling a task through the RTOS.
The INTC provides the following features:

» 356 peripheral interrupt request sources

» 8 software setable interrupt request sources

* 9-bit vector addresses

» Unique vector for each interrupt request source

* Hardware connection to processor or read from register

» Each interrupt source can be programmed to one of 16 priorities

» Preemptive prioritized interrupt requests to processor

» ISR at a higher priority preempts executing ISRs or tasks at lower priorities

* Automatic pushing or popping of preempted priority to or from a LIFO

» Ability to modify the ISR or task priority to implement the priority ceiling protocol for accessing
shared resources

* Low latency—three 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.

1.5.5 FMPLL

The FMPLL allows the user to generate high speed system clocks from a 4 MHz to 20 MHz crystal
oscillator or external clock generator. Further, the FMPLL supports programmable frequency modulation
ofthe 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 20 MHz

» Voltage controlled oscillator (VCO) range from 256 MHz to 512 MHz, resulting in system clock
frequencies from 16 MHz to 80 MHz with granularity of 4 MHz or better

* 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 three modes may be run with a crystal oscillator or an external clock reference
* Programmable frequency modulation
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1.5.6

— 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 cause interrupt request or system reset if error is
detected

— detects the quality of the PLL output clock. If an error is detected, causes a system reset or
switches the system clock to the crystal clock and causes an interrupt request

Programmable interrupt request or system reset on loss of lock

Calibration EBI

The Calibration EBI controls data transfer across the crossbar switch to/from memories or peripherals
attached to the VertiCal connector in the calibration address space. The Calibration EBI is only available
in the VertiCal Calibration System. The Calibration EBI includes a memory controller that generates
interface signals to support a variety of external memories. The Calibration EBI memory controller
supports legacy flash, SRAM, and asynchronous memories. In addition, the calibration EBI supports up
to three regions via chip selects (two chip selects are multiplexed with two address bits), along with
programmed region-specific attributes. The calibration EBI supports the following features:

22-bit address bus (two most significant signals multiplexed with two chip selects)
16-bit data bus
Multiplexed mode with addresses and data signals present on the data lines

NOTE

The calibration EBI must be configured in multiplexed mode when the
extended Nexus trace is used on the VertiCal Calibration System. This is
because Nexus signals and address lines of the calibration bus share the
same balls in the calibration package.

Memory controller with support for various memory types:

— Asynchronous/legacy flash and SRAM

— Most standard memories used with the MPC5xx or MPC55xx family

Bus monitor

— User selectable

— Programmable timeout period (with 8 external bus clock resolution)

Configurable wait states (via chip selects)

3 chip-select (Cal_CS[0], Cal _CS[2:3]) signals (Multiplexed with 2 most significant address
signals)

2 write/byte enable (WE[0:1]/BE[0:1]) signals
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1.5.7

Configurable bus speed modes

— system frequency

— 1/2 of system frequency

— 1/4 of system frequency

Optional automatic CLKOUT gating to save power and reduce EMI
Compatible with MPC5xx external bus (with some limitations)
Selectable drive strengths; 10 pF, 20 pF, 30 pF, 50 pF

SIU

The MPC5634MSIU controls MCU reset configuration, pad configuration, external interrupt, general
purpose I/0 (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 I/O pins. The GPIO block provides uniform and discrete
input/output control of the I/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
€200z335 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

— Glitch detection on reset input

— Software controlled reset assertion

External interrupt

— 11 interrupt requests

— Rising or falling edge event detection

— Programmable digital filter for glitch rejection

— Critical Interrupt request

— Non-Maskable Interrupt request

GPIO

— GPIO function on 80 I/O pins

— Virtual GPIO on 64 1/O pins via DSPI serialization (requires external deserialization device)
— Dedicated input and output registers for setting each GPIO and Virtual GPIO pin
Internal multiplexing

— Allows serial and parallel chaining of DSPIs

— Allows flexible selection of eQADC trigger inputs
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— Allows selection of interrupt requests between external pins and DSPI

1.5.8 ECSM

The error correction status module provides status information regarding platform memory errors reported
by error-correcting codes.

1.5.9 Flash

Devices in the MPC5634M family provide up to 1.5 MB of programmable, non-volatile, flash memory.
The non-volatile memory (NVM) can be used for instruction and/or data storage. The flash module
includes a Fetch Accelerator, that optimizes the performance of the flash array to match the CPU
architecture and provides single cycle random access to the flash @ 80 MHz. 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 a 128-bit read data interface
to flash memory. The module contains a four-entry, 128-bit prefetch buffer and a prefetch controller which
prefetches sequential lines of data from the flash array into the buffer. Prefetch buffer hits allow no-wait
responses. Normal flash array accesses are registered and are forwarded to the system bus on the following
cycle, incurring three wait-states. Prefetch operations may be automatically controlled, and are restricted
to instruction fetch.

The flash memory provides the following features:

» 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.

» Fetch Accelerator

— Architected to optimize the performance of the flash with the CPU to provide single cycle
random access to the flash up to 80 MHz system clock speed

— Configurable read buffering and line prefetch support
— Four line read buffers (128 bits wide) and a prefetch controller
» Hardware and software configurable read and write access protections on a per-master basis

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

» Configurable access timing allowing use in a wide range of system frequencies

* Multiple-mapping support and mapping-based block access timing (0-31 additional cycles)
allowing use for emulation of other memory types

» Software programmable block program/erase restriction control
» Erase of selected block(s)

* Read page size of 128 bits (four words)

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

* Program page size of 64 bits (two words)

» ECC single-bit error corrections are visible to software
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Minimum program size is two consecutive 32-bit words, aligned on a 0-modulo-8 byte address,
due to ECC

Embedded hardware program and erase algorithm

Erase suspend

Shadow information stored in non-volatile shadow block
Independent program/erase of the shadow block

1.5.10 SRAM

The MPC5634M SRAM module provides a general-purpose up to 94 KB memory block. The SRAM
controller includes these features:

Supports read/write accesses mapped to the SRAM memory from any master
32 KB or 24 KB block powered by separate supply for standby operation

Byte, halfword, word and doubleword addressable

ECC performs single-bit correction, double-bit detection on 32-bit data element

1.5.11 BAM

The BAM (Boot Assist Module) is a block of read-only memory that is programmed once by Freescale
and is identical for all MPC5634M 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:

Booting from internal flash memory

Serial boot loading (A program is downloaded into RAM via eSCI or the FlexCAN and then
executed)

Booting from external memory on calibration bus

The BAM also reads the reset configuration half word (RCHW) from internal flash memory and
configures the MPC5634M hardware accordingly. The BAM provides the following features:

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

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

Detection of user boot code

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

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

Supports serial bootloading via FlexCAN bus and eSCI using Freescale protocol

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

Supports serial bootloading of either Power Architecture code (default) or Freescale VLE code
Supports booting from calibration bus interface

Supports censorship protection for internal flash memory

Provides an option to enable the core watchdog timer
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» Provides an option to disable the software watchdog timer

1.5.12 eMIOS

The eMIOS (Enhanced Modular Input Output System) module provides the functionality to generate or
measuretime events. The channels on this module provide a range of operating modes including the
capability to perform dual input capture or dual output compare as well as PWM output.
The eMIOS provides the following features:
* 16 channels (24-bit timer resolution)
* For compatibility with other family members selected channels and timebases are implemented:
— Channels 0 to 6, 8 to 15, and 23
— Timebases A, B and C
* Channels 1, 3, 5 and 6 support modes:
— General Purpose Input/Output (GPIO)
— Single Action Input Capture (SAIC)
— Single Action Output Compare (SAOC)
* Channels 2, 4, 11 and 13 support all the modes above plus:
— Output Pulse Width Modulation Buffered (OPWMB)
* Channels 0, 8, 9, 10, 12, 14, 15, 23 support all the modes above plus:
— Input Period Measurement (IPM)
— Input Pulse Width Measurement (IPWM)
— Double Action Output Compare (set flag on both matches) (DAOC)
— Modulus Counter Buffered (MCB)
— Output Pulse Width and Frequency Modulation Buffered (OPWFMB)
* Three 24-bit wide counter buses

— Counter bus A can be driven by channel 23 or by the eTPU2 and all channels can use it as a
reference

— Counter bus B is driven by channel 0 and channels 0 to 6 can use it as a reference
— Counter bus C is driven by channel 8 and channels 8 to 15 can use it as a reference
» Shared time bases with the eTPU2 through the counter buses
* Synchronization among internal and external time bases

1.5.13 eTPU2

The eTPU2 is an enhanced co-processor designed for timing control. Operating in parallel with the host
CPU, 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.
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The eTPU2 includes these distinctive features:

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.

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.

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.

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.

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

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.

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.

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.

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.

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

32 channels, each channel is 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:
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— 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, i.e., 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

— Dual-parameter coherency hardware support allows atomic access to two parameters by host
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

System enhancements

— Software watchdog with programmable timeout

— Real-time performance information

Channel enhancements

— Channels 1 and 2 can optionally drive angle clock hardware
Programming enhancements

— Engine relative addressing mode

1.5.14 eQADC

The enhanced queued analog to digital converter (¢QADC) 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.
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The eQADC prioritizes and transfers commands from six command conversion command ‘queues’ to the
on-chip ADC:s 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 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 x 12-bit ADC resolution
— Programmable resolution for increased conversion speed (12 bit, 10 bit, 8 bit)
— 12-bit conversion time — 1 ps (1M sample/sec)
— 10-bit conversion time — 867 ns (1.2M sample/second)
— 8-bit conversion time — 733 ns (1.4M sample/second)
— Up to 10-bit accuracy at 500 KSample/s and 9-bit accuracy at 1 MSample/s
— Differential conversions
— Single-ended signal range from 0 to 5 V
— Variable gain amplifiers on differential inputs (x1, x2, x4)
— Sample times of 2 (default), 8, 64 or 128 ADC clock cycles
— Provides time stamp information when requested
— Parallel interface to eQADC CFIFOs and RFIFOs
— Supports both right-justified unsigned and signed formats for conversion results
« Upto 34! input channels (accessible by both ADCs)
» 23 additional internal channels for measuring control and monitoring voltages inside the device
— Including Core voltage, 1/O voltage, LVI voltages, etc.

1. 176-pin and 208-pin packages have 34 input channels; 144-pin package has 32; 100-pin package has 23.
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An internal bandgap reference to allow absolute voltage measurements
4 pairs of differential analog input channels

— Programmable pull-up/pull-down resistors on each differential input for biasing and sensor
diagnostic (200 k€ 100 k€ 5 kQ)

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

Decimation Filter

— Programmable decimation factor (2 to 16)

— Selectable IIR or FIR filter

— Up to 4th order IIR or 8th order FIR

— Programmable coefficients

— Saturated or non-saturated modes

— Programmable Rounding (Convergent; Two’s Complement; Truncated)
— Pre-fill mode to pre-condition the filter before the sample window opens
Full duplex synchronous serial interface to an external device

— Free-running clock for use by an external device

— Supports a 26-bit message length

Priority based Queues

— Supports six 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

— Streaming mode operation of Queue 0 to execute some commands several times

— Supports software and hardware trigger modes to arm a particular Queue

— Generates interrupt when command coherency is not achieved

External hardware triggers

— Supports rising edge, falling edge, high level and low level triggers

— Supports configurable digital filter

Supports four external 8-to-1 muxes which can expand the input channels to 56 channels total

1.5.15 DSPI

The deserial serial peripheral interface (DSPI) block provides a synchronous serial interface for
communication between the MPC5634M 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,
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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 supports the Microsecond
Channel protocol. There are two identical DSPI blocks on the MPC5634M MCU. The DSPI output pins
support 5 V logic levels or Low Voltage Differential Signalling (LVDS) according to the Microsecond
Channel specification.

The DSPIs have three configurations:

Serial peripheral interface (SPI) configuration where the DSPI operates as an up to 16-bit SPI with
support for queues

Enhanced deserial serial interface (DSI) configuration where DSPI serializes up to 32 bits with
three possible sources per bit

— eTPU, eMIOS, new virtual GPIO registers as possible bit source

— Programmable inter-frame gap in continuous mode

— Bit source selection allows microsecond channel downstream with command or data frames up
to 32 bits

— Microsecond channel dual receiver mode

Combined serial interface (CSI) configuration where the DSPI operates in both SPI and DSI
configurations interleaving DSI frames with SPI frames, giving priority to SPI frames

For queued operations, the SPI queues reside in system memory external to the DSPI. Data transfers
between the memory and the DSPI FIFOs are accomplished through the use of the eDMA controller or
through host software.

The DSPI supports these SPI features:

Full-duplex, synchronous transfers
Selectable LVDS Pads working at 40 MHz for SOUT and SCK pins
Master and Slave Mode
Buffered transmit operation using the TX FIFO with parameterized depth of 4 entries
Buffered receive operation using the RX FIFO with parameterized depth of 4 entries
TX and RX FIFOs can be disabled individually for low-latency updates to SPI queues
Visibility into the TX and RX FIFOs for ease of debugging
FIFO Bypass Mode for low-latency updates to SPI queues
Programmable transfer attributes on a per-frame basis:
— Parameterized number of transfer attribute registers (from two to eight)
— Serial clock with programmable polarity and phase
— Various programmable delays:
— PCS to SCK delay
— SCK to PCS delay
— Delay between frames
— Programmable serial frame size of 4 to 16 bits, expandable with software control
— Continuously held chip select capability
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6 Peripheral Chip Selects, expandable to 64 with external demultiplexer

Deglitching support for up to 32 Peripheral Chip Selects with external demultiplexer

DMA support for adding entries to TX FIFO and removing entries from RX FIFO:

— TX FIFO is not full (TFFF)

— RX FIFO is not empty (RFDF)

6 Interrupt conditions:

— End of queue reached (EOQF)

— TX FIFO is not full (TFFF)

— Transfer of current frame complete (TCF)

— Attempt to transmit with an empty Transmit FIFO (TFUF)

— RX FIFO is not empty (RFDF)

— FIFO Underrun (slave only and SPI mode, the slave is asked to transfer data when the TXFIFO
is empty)

— FIFO Overrun (serial frame received while RX FIFO is full)

Modified transfer formats for communication with slower peripheral devices

Continuous Serial Communications Clock (SCK)

Power savings via support for Stop Mode

Enhanced DSI logic to implement a 32-bit Timed Serial Bus (TSB) configuration, supporting the
Microsecond Channel downstream frame format

The DSPIs also support these features unique to the DSI and CSI configurations:

2 sources of the serialized data:

— eTPU_A and eMIOS output channels

— Memory-mapped register in the DSPI

Destinations for the deserialized data:

— eTPU_A and eMIOS input channels

— SIU External Interrupt Request inputs

— Memory-mapped register in the DSPI

Deserialized data is provided as Parallel Output signals and as bits in a memory-mapped register
Transfer initiation conditions:

— Continuous

— Edge sensitive hardware trigger

— Change in data

Pin serialization/deserialization with interleaved SPI frames for control and diagnostics
Continuous serial communications clock

Support for parallel and serial chaining of up to four DSPI blocks
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1.5.16 eSCI

The enhanced serial communications interface (eSCI) allows asynchronous serial communications with
peripheral devices and other MCUs. It includes special support to interface to Local Interconnect Network
(LIN) slave devices. The 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 Channel upstream

* Automatic parity generation
* LIN support
— 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

1.5.17 FlexCAN

The MPC5634M MCU contains two controller area network (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. FlexCAN module ‘A’ contains 64 message buffers
(MB); FlexCAN module ‘C’ contains 32 message buffers.

The FlexCAN module provides the following features:
* Based on and including all existing features of the Freescale TouCAN module
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* 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
* Content-related addressing
* 64 /32 message buffers of zero to eight bytes data length
* Individual Rx Mask Register per message buffer
» Each message buffer configurable as Rx or Tx, all supporting standard and extended messages
* Includes 1056 / 544 bytes of embedded memory for message buffer storage
* Includes a 256-byte and a 128-byte memories for storing individual Rx mask registers
+ Full featured Rx FIFO with storage capacity for six frames and internal pointer handling

» 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

» Selectable backwards compatibility with previous FlexCAN versions

* Programmable clock source to the CAN Protocol Interface, either system clock or oscillator clock
» Listen only mode capability

* Programmable loop-back mode supporting self-test operation

» 3 programmable Mask Registers

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

* Global network time, synchronized by a specific message

* Maskable interrupts

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

» Independent of the transmission medium (an external transceiver is assumed)

*  Multi master concept

* High immunity to EMI

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

* Low power mode, with programmable wake-up on bus activity

1.5.18 System timers

The system timers provide two distinct types of system timer:
* Periodic interrupts/triggers using the Periodic Interrupt Timer (PIT)
* Operating system task monitors using the System Timer Module (STM)
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1.5.18.1 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 be used to provide system ‘tick’
signals to the operating system, as well as periodic triggers for c(QADC queues. Of the five channels in the
PIT, four are clocked by the system clock, one is clocked by the crystal clock. This one channel is also
referred to as Real Time Interrupt (RTI) and is used to wakeup the device from low power stop mode.
The following features are implemented in the PIT:

* 5 independent timer channels

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

* 4 channels clocked from system clock

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

*  Wake-up timer remains active when System STOP mode is entered. Used to restart system clock
after predefined timeout period

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

1.5.18.2 System Timer Module (STM)

The System Timer Module (STM) is designed to implement the software task monitor as defined by
AUTOSAR (see http://www.autosar.org). It consists of a single 32-bit counter, clocked by the system
clock, and four independent timer comparators. These comparators produce a CPU interrupt when the
timer exceeds the programmed value.
The following features are implemented in the STM:

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

» Four 32-bit compare channels

* Independent interrupt source for each channel

* Counter can be stopped in debug mode

1.5.19 Software Watchdog Timer (SWT)

The Software Watchdog Timer (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:

* 32-bit modulus counter

* Clocked by system clock or crystal clock

* Optional programmable watchdog window mode

» Can optionally cause system reset or interrupt request on timeout

» Reset by writing a software key to memory mapped register
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* Enabled out of reset
» Configuration is protected by a software key or a write-once register

1.5.20 Debug features

1.5.20.1 Nexus port controller

The NPC (Nexus Port Controller) block provides real-time development support capabilities for the
MPC5634MPower Architecture-based MCU in compliance with the IEEE-ISTO 5001-2003 standard.
This development support is supplied for MCUs without requiring external address and data pins for
internal visibility. The NPC block is an integration of several individual Nexus blocks that are selected to
provide the development support interface for MPC5634M. The NPC block interfaces to the host
processor (€200z335), eTPU, and internal buses to provide development support as per the IEEE-ISTO
5001-2003 standard. The development support provided includes program trace and run-time access to the
MCUs internal memory map and access to the Power Architecture and eTPU internal registers during halt.
The Nexus interface also supports a JTAG only mode using only the JTAG pins. MPC5634Min the
production 144 LQFP supports a 3.3 V reduced (4-bit wide) Auxiliary port. These Nexus port pins can also
be used as 5 V I/O signals to increase usable I/O count of the device. When using this Nexus port as 10O,
Nexus trace is still possible using VertiCal calibration. In the VertiCal calibration package, the full 12-bit
Auxiliary port is available.

NOTE

In the VertiCal package, the full Nexus Auxiliary port shares balls with the
addresses of the calibration bus. Therefore multiplexed address/data bus
mode must be used for the calibration bus when using full width Nexus trace
in VertiCal assembly.

The following features are implemented:
* 5-pin JTAG port (JCOMP, TDI, TDO, TMS, and TCK)
— Always available in production package
— Supports both JTAG Boundary Scan and debug modes
— 3.3 V interface
— Supports Nexus class 1 features
— Supports Nexus class 3 read/write feature
* 9-pin Reduced Port interface in 144 LQFP production package
— Alternate function as 1O
— 5V (in GPIO or alternate function mode), 3.3 V (in Nexus mode) interface
— Auxiliary Output port
— 1 MCKO (message clock out) pin
— 4 MDO (message data out) pins
2 MSEO (message start/end out) pins
1 EVTO (event out) pin
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— Auxiliary input port
— 1 EVTI (event in) pin
17-pin Full Port interface in calibration package used on VertiCal boards
— 3.3 Vinterface
— Auxiliary Output port
— 1 MCKO (message clock out) pin

— 4 (reduced port mode) or 12 (full port mode) MDO (message data out) pins; 8 extra full port
pins shared with calibration bus

— 2 MSEO (message start/end out) pins

— 1 EVTO (event out) pin
— Auxiliary input port

— 1 EVTI (event in) pin
Host processor (¢200) development support features
— IEEE-ISTO 5001-2003 standard class 2 compliant

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

— Watchpoint trigger enable of program trace messaging

— Data Value Breakpoints (JTAG feature of the €200z335 core): allows CPU to be halted when
the CPU writes a specific value to a memory location

— 4 data value breakpoints

— CPU only

— Detects ‘equal’ and ‘not equal’

— Byte, half word, word (naturally aligned)

NOTE
This feature is imprecise due to CPU pipelining.
— Subset of Power Architecture software debug facilities with OnCE block (Nexus class 1
features)
eTPU development support features
— IEEE-ISTO 5001-2003 standard class 1 compliant for the eTPU
— Nexus based breakpoint configuration and single step support (JTAG feature of the eTPU)

Run-time access to the on-chip memory map via the Nexus read/write access protocol. This feature
supports accesses for run-time internal visibility, calibration variable acquisition, calibration
constant tuning, and external rapid prototyping for powertrain automotive development systems.

All features are independently configurable and controllable via the IEEE 1149.1 I/O port
Power-on-reset status indication during reset via MDO[0] in disabled and reset modes
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1.5.20.2 JTAG

The JTAGC (JTAG Controller) 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:

IEEE 1149.1-2001 Test Access Port (TAP) interface 4 pins (TDI, TMS, TCK, and TDO)
A 5-bit instruction register that supports the following IEEE 1149.1-2001 defined instructions:
— BYPASS, IDCODE, EXTEST, SAMPLE, SAMPLE/PRELOAD, HIGHZ, CLAMP
A 5-bit instruction register that supports the additional following public instructions:

— ACCESS_AUX TAP NPC

— ACCESS_AUX TAP_ONCE

— ACCESS _AUX TAP eTPU

— ACCESS_CENSOR

3 test data registers to support JTAG Boundary Scan mode

— Bypass register

— Boundary scan register

— Device identification register

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

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.
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Chapter 2
Memory Map

This chapter presents the memory map for this device.

2.1 Introduction

All addresses in the device, including those that are reserved, are identified in the tables. The addresses
represent the physical addresses assigned to each IP block. Logical addresses are translated by the Memory

Management Unit (MMU) into physical addresses.
Under software control of the MMU, the logical addresses allocated to IP blocks may be changed on a

minimum of a 4 KB boundary.

2.2 Memory map

Table 3 shows the device memory map.

Table 3. Device memory map

Region

Start — End address

Flash Memory (1.5 MB)’

0x0000_0000 — 0x0017_FFFF

Reserved

0x0018_0000 — Ox00FF_BFFF

Flash Shadow Block

0x00FF_C000 — Ox00FF_FFFF

Emulation reMapping of Flash

0x0100_0000 — Ox1FFF_FFFF

Reserved

0x2000_0000 — Ox2FFF_FFFF

Calibration Memory Space

0x3000_0000 — Ox3FFF_FFFF

SRAM (94 KB)?

0x4000_0000 — 0x4001_77FF

Reserved

0x4001_7000 — OXBFFF_FFFF

Reserved

0xC000_0000 — 0xC3EF_FFFF

Reserved for PBridge A

0xC3F0_0000 — 0xC3F0_3FFF

Reserved

0xC3F0_4000 — 0xC3F7_FFFF

PLL

0xC3F8_0000 — 0xC3F8_3FFF

EBI Configuration

0xC3F8_4000 — 0xC3F8_7FFF

Flash Configuration and BankO0, Array 0O registers

0xC3F8_8000 — 0xC3F8_BFFF

Reserved 0xC3F8_C000 — 0xC3F8_FFFF
SIU 0xC3F9_0000 — OxC3F9_3FFF
Reserved 0xC3F9_4000 — 0xC3F9_FFFF
eMIOS 0xC3FA_0000 — 0xC3FA_3FFF
Reserved O0xC3FA_4000 — OxC3FA_FFFF

Flash Bank1, Array1 Registers

0xC3FB_0000 — 0xC3FB_3FFF

Flash Bank1, Array2 Registers

0xC3FB_4000 — 0xC3FB_7FFF

Reserved

0xC3FB_8000 — 0xC3FB_BFFF

PMC

0xC3FB_C000 — OxC3FB_FFFF

eTPU Registers

0xC3FC_0000 — 0xC3FC_3FFF

Reserved

0xC3FC_4000 — 0xC3FC_7FFF

eTPU Parameter RAM

0xC3FC_8000 — 0xC3FC_BFFF
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Table 3. Device memory map (continued)

Region Start — End address
eTPU Parameter RAM Mirror 0xC3FC_C000 — 0xC3FC_FFFF
eTPU Code RAM 0xC3FD_0000 — 0xC3FD_3FFF
Reserved 0xC3FD_4000 — 0xFBFF_FFFF
Reserved 0xFCO00_0000 — OxFFEF_FFFF
€200 Platform Peripherals (XBAR, SWT, STM, ECSM, eDMA and INTC) 0xFFF0_0000 — OxFFF7_FFFF
eQADC OxFFF8_0000 — OxFFF8_3FFF
Reserved OxFFF8_4000 — OXFFF8_7FFF
Decimation filter A OxFFF8_8000 — OxFFF9_BFFF
Reserved OxFFF8_C000 — OxFFF9_3FFF
DSPI_B O0xFFF9_4000 — OXFFF9_7FFF
DSPI_C O0xFFF9_8000 — OxFFF9_BFFF
Reserved OxFFF9_CO000 — OxFFF9_FFFF
Reserved OxFFFA_0000 — OxFFFA_FFFF
eSCI_A OxFFFB_0000 — OxFFFB_3FFF
eSCI_B OxFFFB_4000 — OxFFFB_7FFF
Reserved OxFFFB_8000 — OxFFFB_FFFF
FlexCAN_A OxFFFC_0000 — OxFFFC_3FFF
Reserved OxFFFC_4000 — OXFFFC_7FFF
FlexCAN_C OxFFFC_8000 — OXFFFC_9FFF
Reserved for FlexCAN_C (higher MSBs) 0xFFFC_AOQ00 — OxFFFC_FFFF
Temperature Sensor OxFFFE_CO000 — OXFFFF_BFFF
Boot Assist Module OxFFFF_CO000 — OxFFFF_FFFF

NOTES:
1 See Table 5 for amount of flash memory and Table 6 for the specific mapping

2 See Table 5 for the amount of SRAM and Table 7 for the specific mapping
Peripheral blocks may be redundantly mapped. The customer must use the MMU to prevent corruption.

The MPC5634M only has a single peripheral bridge, but to match the memory map of other devices in the
MPC5500 family, the peripherals are mapped to appear as if they are on two different peripheral bridges.

Table 4. Detailed device memory map

Size (bytes)
Address range’ Use
Allocated Used
0x0000_0000 — 0x0017_FFFF 1.5M 1.5M Flash Memory Array?
0x0018_0000 — 0x00FF_BFFF | 145 M - 16 K — Reserved
0x00FF_CO000 — 0x00FF_FFFF 16 K 16 K Flash Memory Shadow Block
0x0100_0000 — 0x1FFF_FFFF 496 M 1.5M Emulation Remapping of Flash Memory Array
0x2000_0000 — 0x2FFF_FFFF 256 M = Reserved
0x3000_0000 — 0x3FFF_FFFF 256 M — Calibration Memory Space
0x4000_0000 — 0x4000_7FFF 32K 32K SRAM Array, Standby Powered®
0x4000_8000 — 0x4001_77FF 62 K 62 K SRAM Array®
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Table 4. Detailed device memory map (continued)

Size (bytes)
Address range’ Use
Allocated Used
0x4001_7800 — OXBFFF_FFFF |2048 M — 94 K — Reserved
Bridge Peripherals A

0xC000_0000 — OxC3EF_FFFF 63 M — Reserved
0xC3F0_0000 — 0xC3FO0_3FFF 16 K — Reserved for PBridge A
0xC3F0_4000 — 0xC3F7_FFFF 496 K — Reserved
0xC3F8_0000 — 0xC3F8_3FFF 16 K 28 FMPLL
0xC3F8_4000 — 0xC3F8_7FFF 16 K 48 External Bus Interface (EBI) Configuration
0xC3F8_8000 — 0xC3F8_BFFF 16 K 40 Platform Flash Configuration and BankO, Array0

Registers
0xC3F8_C000 — 0xC3F8_FFFF 16 K — Reserved Data Flash
0xC3F9_0000 — 0xC3F9_3FFF 16 K 25K System Integration Unit (SIU)
0xC3F9_4000 — 0xC3F9_7FFF 16 K = Reserved
0xC3F9_8000 — 0xC3F9_BFFF 16 K — Reserved
0xC3F9_C000 — 0xC3F9_FFFF 16 K — Not allocated
0xC3FA_0000 — 0xC3FA_3FFF 16 K 128 Modular Timer System (eMIOS_A)
0xC3FA_4000 — 0xC3FA_7FFF 16 K — Reserved
0xC3FA_8000 — 0xC3FA_BFFF 16 K — Reserved
0xC3FA_CO000 — 0xC3FA_FFFF 16 K = Not allocated
0xC3FB_0000 — 0xC3FB_3FFF 16 K 28 Flash bank1, Array1 Registers
0xC3FB_4000 — OxC3FB_7FFF 16 K 28 Flash bank1, Array2 Registers
0xC3FB_8000 — 0xC3FB_BFFF 16 K — Reserved
0xC3FB_C000 — 0xC3FB_FFFF 16 K 12 PMC
0xC3FC_0000 — 0xC3FC_3FFF 16 K 3K Enhanced Time Processing Unit (eTPU)

Registers
0xC3FC_4000 — 0xC3FC_7FFF 16 K — Not allocated
0xC3FC_8000 — 0xC3FC_BFFF 16 K 3K eTPU Parameter RAM
0xC3FC_C000 — 0xC3FC_FFFF 16 K 3K eTPU Parameter RAM mirror
0xC3FD_0000 — 0xC3FD_3FFF 16 K 14K eTPU Code RAM
0xC3FD_4000 — 0xC3FD_7FFF 16 K — Reserved
0xC3FD_8000 — 0xC3FD_BFFF 16 K = Reserved
0xC3FD_C000 — 0xC3FD_FFFF 16 K — Reserved
0xC3FE_0000 — 0xC3FE_3FFF 16 K — Reserved
0xC3FE_4000 — 0xC3FE_7FFF 16 K — Reserved
0xC3FE_8000 — 0xC3FE_BFFF 16 K — Reserved
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Table 4. Detailed device memory map (continued)

Size (bytes)
Address range’ Use
Allocated Used
0xC3FE_CO000 — OxC3FE_FFFF 16 K — Reserved
0xC3FF_0000 — 0xC3FF_3FFF 16 K 84 PIT/RTI
0xC3FF_4000 — 0xC3FF_7FFF 16 K — Reserved
0xC3FF_8000 — OxC3FF_BFFF 16 K — Reserved
0xC3FF_C000 — 0xC3FF_BFFF 16 K — Not allocated
0xC400_0000 — OxXDFFF_FFFF |(512 M — 64 M) — Reserved
Bridge Peripherals B*
0xE000_0000 — OXFFE7_FFFF [512M—-1.5M = Reserved
O0xFFE8_0000 — OxFFE8_3FFF 16 K 28 FMPLL_A
OxFFE8_4000 — OXFFE8_7FFF 16 K — Reserved for EBI Configuration
OxFFE8_8000 — OxFFE8_BFFF 16 K 40 Flash BankO (arrayO) IPS Registers, Platform
Flash Configuration

OxFFE8_CO000 — OxFFE8_FFFF 16 K = Reserved for Data Flash A Configuration
OxFFE9_0000 — OXFFE9_3FFF 16 K 25K SiU
OxFFE9_4000 — OXFFE9_7FFF 16 K — Reserved
O0xFFE9_8000 — OxFFE9_BFFF 16 K — Not allocated
O0xFFE9_CO000 — OxFFE9_FFFF 16 K — Not allocated
OxFFEA_0000 — OXxFFEA_3FFF 16 K 128 eMIOS_A
OxFFEA_4000 — OXFFEA_7FFF 16 K — Reserved for EMIOS_B
OxFFEA_8000 — OxFFEA_BFFF 16 K = Reserved for eMIOS_C
OxFFEA_CO000 — OXFFEA_FFFF 16 K — Not allocated
OxFFEB_0000 — OXFFEB_3FFF 16 K 28 Flash Bank 1 (array1) Registers
OxFFEB_4000 — OXFFEB_7FFF 16 K 28 Flash Bank 1 (array 2) Registers
OxFFEB_8000 — OXxFFEB_BFFF 16 K = Reserved for Code Flash D Configuration
OxFFEB_CO000 — OxFFEB_FFFF 16 K 12 PMU
OxFFEC_0000 — OxFFEC_3FFF 16 K 3K eTPU
OxFFEC_4000 — OXFFEC_7FFF 16 K — Not allocated
OxFFEC_8000 — OxXFFEC_BFFF 16 K 3K eTPU Parameter RAM
O0xFFEC_C000 — OXFFEC_FFFF 16 K 3K eTPU Parameter RAM Mirror
OxFFED_0000 — OxFFED_3FFF 16 K 14 K eTPU Parameter Code RAM
OxFFED_4000 — OxFFED_7FFF 16 K = Reserved for eTPU Parameter Code RAM
OxFFED_8000 — OxFFED_BFFF 16 K = Reserved for SSCM
OxFFED_CO000 — OxFFED_FFFF 16 K — Reserved for MC_ME
OxFFEE_0000 — OXFFEE_3FFF 16 K — Reserved for MC_CGM
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Table 4. Detailed device memory map (continued)

Size (bytes)
Address range’ Use
Allocated Used

OxFFEE_4000 — OXFFEE_7FFF 16 K — Reserved for MC_RGM
OxFFEE_8000 — OXFFEE_BFFF 16 K — Reserved for MC_PCU
OxFFEE_CO000 — OXFFEE_FFFF 16 K — Reserved for RTC/API
OxFFEF_0000 — OXFFEF_3FFF 16 K 84 PIT/RTI
OxFFEF_4000 — OxFFEF_7FFF 16 K — Not allocated
OxFFEF_8000 — OxFFEF_BFFF 16 K = Reserved for RNGA
OxFFEF_CO000 — OXxFFEF_FFFF 16 K — Reserved for Process Monitor
O0xFFF0_0000 — OxFFFO_3FFF 16 K = Reserved for PBridge B
OxFFF0_4000 — OxFFFO_7FFF 16 K 4K Crossbar (AXBS)
OxFFF0_8000 — 0xFFFO_BFFF 16 K — Not allocated
O0xFFFO_C000 — OxFFFO_FFFF 16 K — Not allocated
OxFFF1_0000 — OxFFF1_3FFF 16 K = Reserved
OxFFF1_4000 — OxFFF1_7FFF 16 K — Not allocated
OxFFF1_8000 — OxFFF1_BFFF 16 K — Not allocated
O0xFFF1_C000 — OxFFF1_FFFF 16 K — Not allocated
OxFFF2_0000 — OxFFF2_3FFF 16 K — Not allocated
OxFFF2_4000 — OxFFF2_7FFF 16 K — Not allocated
OxFFF2_8000 — 0xFFF2_BFFF 16 K = Not allocated
OxFFF2_C000 — OxFFF2_FFFF 16 K — Not allocated
OxFFF3_0000 — OxFFF3_3FFF 16 K — Not allocated
OxFFF3_4000 — OXFFF3_7FFF 16 K — Reserved
0xFFF3_8000 — OxFFF3_BFFF 16 K 20 SWT
O0xFFF3_C000 — OxFFF3_FFFF 16 K 72 STM
OxFFF4_0000 — OxFFF4_3FFF 16 K 128 ECSM
OxFFF4_4000 — OxFFF4_7FFF 16 K 6 K DMA Controller 2 (€DMA)
OxFFF4_8000 — OxFFF4_BFFF 16 K 272 Interrupt Controller (INTC)
O0xFFF4_C000 — OxFFF4_FFFF 16 K — Reserved
OxFFF5_0000 — OxFFF5_3FFF 16 K — Not allocated
OxFFF5_4000 — OXFFF5_7FFF 16 K — Reserved
OxFFF5_8000 — 0xFFF5_BFFF 16 K = Not allocated
OxFFF5_C000 — OxFFF5_FFFF 16 K = Reserved
OxFFF6_0000 — OxFFF6_3FFF 16 K — Not allocated
OxFFF6_4000 — OXFFF6_7FFF 16 K — Not allocated
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Table 4. Detailed device memory map (continued)

Size (bytes)
Address range’ Use
Allocated Used
OxFFF6_8000 — OxFFF6_BFFF 16 K — Not allocated
OxFFF6_C000 — OXFFF6_FFFF 16 K — Not allocated
OxFFF7_0000 — OxFFF7_3FFF 16 K — Not allocated
OxFFF7_4000 — OXFFF7_7FFF 16 K — Not allocated
OxFFF7_8000 — OxFFF7_BFFF 16 K — Not allocated
OxFFF7_C000 — OxFFF7_FFFF 16 K = Not allocated
OxFFF8_0000 — OxFFF8_3FFF 16 K 292 Enhanced Queued Analog-to-Digital Converter
(eQADC_A)
OxFFF8_4000 — OXFFF8_7FFF 16 K — Reserved
OxFFF8_8000 — OxFFF8_BFFF 16 K 4K Decimation Filter A
OxFFF8_C000 — OxFFF8_FFFF 16 K — Reserved
O0xFFF9_0000 — OxFFF9_3FFF 16 K = Reserved
OxFFF9_4000 — OXFFF9_7FFF 16 K 112 Deserial Serial Peripheral Interface (DSPI_B)
OxFFF9_8000 — OxFFF9_BFFF 16 K 112 Deserial Serial Peripheral Interface (DSPI_C)
O0xFFF9_CO000 — OxFFF9_FFFF 16 K — Reserved
O0xFFFA_0000 — OxFFFA_3FFF 16 K — Reserved
OxFFFA_4000 — OxFFFA_7FFF 16 K — Reserved
OxFFFA_8000 — OxFFFA_BFFF 16 K = Not allocated
OxFFFA_C000 — OxFFFA_FFFF 16 K — Not allocated
OxFFFB_0000 — OxFFFB_3FFF 16 K 44 Enhanced Serial Communications Interface
(eSCI_A)
OxFFFB_4000 — OxFFFB_7FFF 16 K 44 Enhanced Serial Communications Interface
(eSCI_B)
OxFFFB_8000 — 0xFFFB_BFFF 16 K = Reserved
O0xFFFB_CO000 — OxFFFB_FFFF 16 K — Reserved
OxFFFC_0000 — OxFFFC_3FFF 16 K 1152 Controller Area Network (FIexCAN_A)
O0xFFFC_4000 — OXFFFC_7FFF 16 K — Reserved
OxFFFC_8000 — OXFFFC_9FFF 8K 576 Controller Area Network (FlexCAN_C)
O0xFFFC_A000 — OXFFFC_FFFF 8K — Reserved for FlexCAN_C (higher MSBs)
OxFFFD_0000 — OxFFFD_3FFF 16 K = Reserved
OxFFFD_4000 — OxFFFD_7FFF 16 K — Reserved
O0xFFFD_8000 — OxFFFD_BFFF 16 K — Not allocated
0xFFFD_C000 — OxFFFD_FFFF 16 K — Reserved
OxFFFE_0000 — OXFFFE_3FFF 16 K — Reserved
OxFFFE_4000 — OxFFFE_7FFF 16 K — Not allocated
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Table 4. Detailed device memory map (continued)

Size (bytes)
Address range’ Use
Allocated Used
OxFFFE_8000 — OXFFFE_BFFF 16 K — Reserved
OxFFFE_C000 — OXFFFE_FFFF 16 K 8 Temperature Sensor
OxFFFF_0000 — OXFFFF_3FFF 16 K — Not allocated
OxFFFF_4000 — OXFFFF_7FFF 16 K — Not allocated
OxFFFF_8000 — OXFFFF_BFFF 16 K — Reserved
OxFFFF_C000 — OXFFFF_FFFF 16 K 4K Boot Assist Module (BAM)

!\IOTES:

If allocated size > used size, then the base address for the block is the lowest address of the listed address range,
unless noted otherwise.
2 See Table 5 for amount of flash memory and Table 6 for the specific mapping
3 See Table 5 for the amount of SRAM and Table 7 for the specific mapping
4 The registers in this section are a copies of the registers available at addresses 0xC3F8_0000 — OxC3FF_FFFF.
These addresses (0xC3F8_0000 — 0xC3FF_FFFF) are compatible with the memory map of all other devices in the
MPC5500 and MPC5600 families. The addresses in the shaded region (OxFFE8_0000 — OxFFEF_FFFF) are
unique to this device but allow all peripherals to be covered by a single MMU entry, whereas the compatible address

mapping requires two MMU entries.

Table 5. MPC5634M family device memory space

Memory MPC5634M MPC5633M MPC5632M
Flash 1.5 MB 1 MB 768 KB
SRAM 94 KB 64 KB 48 KB
Table 6. MPC5634M family device flash memory map

Start address | End address Description MPC5632M MPC5633M MPC5634M
0x0000_0000 0x0000_3FFF 16 KB flash Available Available Available
0x0000_4000 | 0x0000_7FFF 16 KB flash Available Available Available
0x0000_8000 | 0x0000_FFFF 32 KB flash Available Available Available
0x0001_0000 | 0x0001_7FFF 32 KB flash Available Available Available
0x0001_8000 | Ox000B_FFFF 16 KB flash Available Available Available
0x0001_C000 | O0x0001_FFFF 16 KB flash Available Available Available
0x0002_0000 0x0002_FFFF 64 KB flash Available Available Available
0x0003_0000 | 0x0003_FFFF 64 KB flash Available Available Available
0x0004_0000 | 0x0005_FFFF 128 KB flash Not available Available Available
0x0006_0000 | 0x0007_FFFF 128 KB flash Not available Available Available
0x0008_0000 | 0x0009_FFFF 128 KB flash Available Available Available
0x000A_0000 | Ox000B_FFFF 128 KB flash Available Available Available
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Table 6. MPC5634M family device flash memory map (continued)

Start address | End address Description MPC5632M MPC5633M MPC5634M
0x000C_0000 | Ox000D_FFFF 128 KB flash Available Available Available
0x000E_0000 | OxO000F_FFFF 128 KB flash Available Available Available
0x0010_0000 | Ox0011_FFFF 128 KB flash Not available Not available Available
0x0012_0000 0x0013_FFFF 128 KB flash Not available Not available Available
0x0014_0000 | Ox0015_FFFF 128 KB flash Not available Not available Available
0x0016_0000 | 0x0017_FFFF 128 KB flash Not available Not available Available
Reserved
0x00FF_CO000 | Ox00FF_FFFF 16 KB flash Available Available Available
(shadow block)
Table 7. MPC5634M family device SRAM memory map
Start address End address Description MPC5632M MPC5633M MPC5634M
0x4000_0000 0x4000_5FFF | 24 KB SRAM Standby SRAM Standby SRAM Standby SRAM
0x4000_6000 0x4000_7FFF 8 KB SRAM SRAM SRAM Standby SRAM
0x4000_8000 0x4000_BFFF | 16 KB SRAM SRAM SRAM SRAM
0x4000_C000 | O0x4000_FFFF | 16 KB SRAM Not available SRAM SRAM
0x4001_0000 0x4001_77FF | 30 KB SRAM Not available Not available SRAM
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Chapter 3
Signal Descriptions

This chapter describes signals that connect to package pins. It includes pinout diagrams, recommended
system connections, and detailed discussions of signals.

3.1 Device Pin Assignments

This section contains the pinouts for all production packages for the MPC5634M family of devices. Please
note the following:

* Pins labeled “NC” are to be left unconnected. Any connection to an external circuit or voltage may
cause unpredictable device behavior or damage.

* Pins labeled “NIC” have no internal connection.
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3.1.1

144 LQFP Pinout (all 144-pin devices)

Figure 2 shows the pinout for the 144-pin LQFP.
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Figure 2. 144-pin LQFP Pinout (top view; all 144-pin devices)
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3.1.2

176 LQFP Pinout (MPC5634M)

Figure 3 shows the 176-pin LQFP pinout for the MPC5634M (1536 KB flash memory).
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Note: Pins marked “NIC” have no internal connection.

Figure 3. 176-pin LQFP Pinout (MPC5634M; top view)
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3.1.3

176 LQFP Pinout (MPC5633M)

Figure 4 shows the pinout for the 176-pin LQFP for the MPC5633M (1024 KB flash memory).
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Notes:

1. Pins marked “NIC” have no internal connection.

2. Pins marked “NC” are not functional pins but may be connected to internal circuitry. Connections to external

circuits or other pins on this device can result in unpredictable system behavior or damage.
Figure 4. 176-pin LQFP Pinout (MPC5633M; top view)
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3.1.4

MAPBGA208 Ballmap (MPC5634M)
Figure 5 shows the 208-pin MAPBGA ballmap for the MPC5634M (1536 KB flash memory) as viewed from above.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A VSS AN9 AN11 VDDA1 VSSAI1 AN1 AN5 VRH VRL AN27 VSSAO | AN12-SDS ALT_ ALT_ VRC33 VSS
MDO2 MDOO
ALT_ ALT_
B VDD VSS AN38 AN21 ANO AN4 REFBYPC AN22 AN25 AN28 VDDAO | AN13-SDO VSS VDD
MDO3 MDO1
Cc| vsTBY VDD VSS AN17 AN34 AN16 AN3 AN7 AN23 AN32 AN33 AN14-SDI ANT5 VSS AT TCK
FCK MSEQ0
D| VRC33 AN39 VDD VSS AN18 AN2 ANG AN24 AN30 AN31 AN35 VDDEH7 VSS ™S ALT_EVTO NIC!
E | ETPUA30 | ETPUA31 AN37 VDD VDDE7 TDI ALT_EVTI ALT
MSEO1
F | ETPUA28 | ETPUA29 | ETPUA26 AN36 VDDEH6 TDO ALT_MCKO | JCOMP
DSPI_B_ DSPI_B_ DSPI.B_ | DSPI_B_
G| ETPUA24 | ETPUA27 | ETPUA25 | ETPUA21 VSS VSS VSS VSS SOUT PCSa SIN PCSD
DSPI_B_ DSPI.B_ | DSPI_B_
H| ETPUA23 | ETPUA22 | ETPUA17 | ETPUA18 VSS VSS VSS VSS GPI099 PCSA PCSo PCST
J | ETPUA20 | ETPUA19 | ETPUA14 | ETPUA13 VSS VSS VSS VSS D?,g'sff SCI_A_TX GPIO98 DsSngsf
K | ETPUA16 | ETPUA15 ETPUA7 VDDEH1 VSS VSS VSS VSS CA_’F‘)ZCf SCI_A_RX RSTOUT | VDDREG
L | ETPUA12 | ETPUA11 ETPUA6 ETPUAO SCI_B_TX CAl':‘l‘;(Cf WKPCFG RESET
M | ETPUA10 ETPUA9 ETPUA1 ETPUA5 SCI_B_RX | PLLREF | BOOTCFG1 | VSSPLL
N | ETPUA8 ETPUA4 ETPUAO VSS VDD VRC33 EMIOS2 EMIOS10 | VDDEH1/62 | EMIOS12 | eTPU_A19% | VRC33 VSS VRCCTL NIC! EXTAL
P | ETPUA3 ETPUA2 VSS VDD GPI0207 VDDE7 NIC! EMIOS8 | eTPU_A29% | eTPU_A2% | eTPU_A213 CA{E‘)ZAf VDD VSS NIC! XTAL
R NIC! VSS VDD GPI0206 EMIOS4 NIC! EMIOS9 EMIOS11 | EMIOS14 | eTPU_A27% | EMIOS23 CAQ‘)ZAf NIC! VDD VSS VDDPLL
T VSsS VDD NIC! EMIOSO EMIOS1 GPIO219 | eTPU_A25% | EMIOS13 | EMIOS15 | eTPU_A4% | eTPU_A133 NIC! VDDE5 CLKOUT VDD VSS
NOTES:

1
2
3

Pins marked “NIC” have no internal connection.
This ball may be changed to “NC” (no connection) in a future revision.
eTPU output only channel.

Figure 5. 208-pin MAPBGA Ballmap (MPC5634M; top view)
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3.1.5

MAPBGA208 Ballmap (MPC5633M only)
Figure 6 shows the 208-pin MAPBGA ballmap for the MPC5633M (1024 KB flash memory) as viewed from above.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Al vss AN9 AN11 VDDAT VSSA1 AN{ ANS VRH VRL AN27 VSSAO | AN12-5DS ALT_ ALT_ VRC33 vsS
MDO2 MDOO
ALT_ ALT_
B| vbD vsSs AN38 AN21 ANO AN4 REFBYPC | AN22 AN25 AN28 VDDAO | AN13-SDO VsSs VDD
MDO3 MDO1
c| vstBY VDD vss AN17 AN34 AN16 AN3 AN7 AN23 AN32 AN33 AN14-SDI AN15 VsS AT TCK
FCK MSEOD
D| VRC33 AN39 VDD vss AN18 AN2 AN6 AN24 AN30 AN31 AN35 VDDEH7 vss ™S ALT_EVTO NIC!
> ALT_ ALT_
E| ETPUA30 | ETPUA31 NC VDD VDDE7 DI AL st
F| ETPUA28 | ETPUA20 | ETPUA26 NC2 VDDEH8 TDO ALT_MCKO | Jcomp
DSPLB_ | DSPIB. | DSPLB_ | DSPIB_
G| ETPUA24 | ETPUA27 | ETPUA25 | ETPUA21 vss vss vsS vss SO0t P05 N S
» DSPLB_ | DSPLB. | DSPLB_
H| ETPUA23 | ETPUA22 | ETPUA17 | ETPUA1S vss vss vss vss NC P05k P0Sh oSy
J | ETPUA20 | ETPUA19 | ETPUA14 | ETPUA13 vss vsSs vss vss DSPLB_ | sc1_A TX NC? DSPLB_
PCS5 SCK
K | ETPUA16 | ETPUA15 | ETPUA7 | VDDEHT vss vsSs vss vss CATN)ZQ SCILARX | RSTOUT | VDDREG
CAN_C_
L | ETPUA12 | ETPUA11 | ETPUA6 | ETPUAO SCI_B_TX s WKPCFG | RESET
M| ETPUA1O | ETPUA9 | ETPUA1 | ETPUAS SCILB_RX | PLLREF | BOOTCFG1 | VSSPLL
N| ETPUAS | ETPUA4 | ETPUAO vss VDD VRC33 | EMIOS2 | EMIOS10 | VDDEH1/6® | EMIOS12 | eTPUA19* | VRC33 vss VRCCTL NIC! EXTAL
3 3
P | ETPUA3 ETPUA2 VSS VDD NC? VDDE7 NIC! emioss | STPUA9 eTPUAZ eTPUA213 CA;“)ZAf VDD VSS NIC! XTAL
3
Rl nict vsSs VDD NC2 EMIOS4 NIC! EMIoss | EMiost1 | Emiosta | 8TPYAT | Emioses CARN)ZAf N2 VDD VsSs VDDPLL
1 2 3 2 2 eTPUA43 3 1
T| vss VDD NIC EMIOSO NC GPIO219 | eTPUA25 NC NC 6TPUA13 NIC VDDE5 | CLKOUT VDD vss
NOTES:

ENEESI I

Pins marked “NIC” have no internal connection.
Pins marked “NC” may be connected to internal circuitry. Connections to external circuits or other pins on this device can result in unpredictable system behavior or damage.
This ball may be changed to “NC” (no connection) in a future revision.
eTPU output only channel.

Figure 6. 208-pin MAPBGA Ballmap (MPC5633M; top view)
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3.2 External Signal Summary
Table 8 gives a summary of the MPC5634M external signals and properties.
The MPC5634M pin names consist of the following items separated by underscores:

1. Primary function
2. Alternate functions (if applicable)
3. GPIO

For example, for the pin DSPI B SCK_DSPI C PCS[1] GPIO[102], DSPI B SCK is the primary function and DSPI C PCS[1]is
the alternate function.

Table 8. MPC563xM signal properties

Pad Pin No.
sy Config. | PCRPA | I/O | Voltage*/ 5 | Function / State
Name Function Register | Field® | Type | PadType |TeSetState” " tor Resett 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
Dedicated GPIO

GPIO[98] GPIO PCR[98] — I/0 VDDEH7 —-/Up GPIO[98)/Up — 1417 J158
Slow

GPIO[99] GPIO PCR[99] — I/0 VDDEH?7 —/Up GPIO[99)/Up — 1427 H138
Slow

GPIO[206]° GPIO PCR[206] — 1/0 VDDEH7 —/Up GPIO[206]/Up — 1437 R48
Slow

GPI0[207]° GPIO PCR[207] — I/0 VDDEH7 —/Up GPIO[207)/Up — 1447 p58
Slow

Reset / Configuration

RESET External Reset Input — — | VDDEH6a I/ Up RESET / 80 97 L16
Slow Up

RSTOUT External Reset Output PCR[230] — o} VDDEH6a RSTOUT/ RSTOUT/ 85 102 K15
Slow Low High

PLLREF FMPLL Mode Selection PCR[208] 011 I VDDEH6a | PLLREF/Up —-/Up 68 83 M14

IRQ[4] External Interrupt Request 010 | Slow

ETRIG[2] eQADC Trigger Input 100 |

GPI0[208] GPIO 000 I/0
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
BOOTCFG1 Boot Config. Input PCR[212] 011 I VDDEH6a |BOOTCFG1/ —/Down 70 85 M15
IRQ[3] External Interrupt Request 010 | Slow Down
ETRIG[3] eQADC Trigger Input 100 |
GPIO[212] GPIO 000 I/0
WKPCFG Weak Pull Config. Input PCR[213] 01 I VDDEH6a | WKPCFG / —/Up 71 86 L15
NMI Non-Maskable Interrupt 11 | Slow Up
DSPI_B_SOUT DSPI_B Data Output 10 o)
GPIO[213] GPIO 00 I/0
Calibration?
CAL_ADDR[12:15]"! Calibration Address Bus PCR[340] — (e} VDDE12 O/Low CAL_ADDR/ — — —
Fast Low
CAL_ADDR[16]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low' MDO / — 17 A4
ALT_MDOJ[0]'2 Nexus Msg Data Out o} VDDE74 ALT_ADDR'2/
Fast Low
CAL_ADDR[17]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low' ALT_MDO/ — 18 B14
ALT_MDOJ[1]'2 Nexus Msg Data Out o} VDDE74 CAL_ADDR"2/
Fast Low
CAL_ADDR[18]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low' ALT_MDO/ — 19 A13
ALT_MDOJ[2]'2 Nexus Msg Data Out o} VDDE74 CAL_ADDR"2/
Fast Low
CAL_ADDR[19]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low' ALT_MDO/ — 20 B13
ALT_MDOJ[3]'2 Nexus Msg Data Out o} VDDE74 CAL_ADDR"2/
Fast Low
CAL_ADDR[20:27] Calibration Address Bus PCR[345] — O | VDDE12'3 O/ Low ALT_MDO / — — —
ALT_MDO[4:11] Nexus Msg Data Out o} Fast CAL_ADDR'8/
Low
CAL_ADDR[28]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low'” | ALT_MSEQO'®/ — 118 C15
ALT_MSEO[0]'? Nexus Msg Start/End Out o} VDDE74 CAL_ADDR'/
Fast Low
CAL_ADDR[29]*! Calibration Address Bus PCR[345] — o} VDDE12'® | O/Low'” | ALT_MSEQO'®/ — 117 E16
ALT_MSEO[1]'? Nexus Msg Start/End Out o} VDDE74 CAL_ADDR'/
Fast Low
CAL_ADDR[30]*! Calibration Address Bus PCR[345] — o} VDDE12'3 —18 ALT_EVTI/ — 116 E15
ALT_EVTI'? Nexus Event In I VDDE7'4 CAL_ADDR'"®
Fast
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
ALT_EVTO Nexus Event Out PCR[344] — o VDDE1213 O/ Low ALT_EVTO/ — 120 D15
VDDE7' High
Fast
ALT_MCKO Nexus Msg Clock Out PCR[344] — o} VDDE1213 O/ Low ALT_MCKO / — 14 F15
VDDE7' Enabled
Fast
NEXUSCFG'! Nexus/Calibration bus — — I VDDE12 |/ Down NEXUSCFG / — — —
selector Fast Down
CAL_CS[o]" Calibration Chip Selects PCR[336] — 0 VDDE12 O/High | CAL_CS/High — — —
Fast
CAL_CS[2™ Calibration Chip Selects PCR[338] 11 o} VDDE12 O/High | CAL_CS/High — — —
CAL_ADDR[10] Calibration Address Bus 10 (0] Fast
CAL_CS[3]" Calibration Chip Selects PCR[339] 11 o} VDDE12 O/High | CAL_CS/High — — —
CAL_ADDRJ11] Calibration Address Bus 10 (0] Fast
CAL_DATA[0:9]"" Calibration Data Bus PCR[341] I/0 VDDE12 —/Up —-/Up — — —
Fast
CAL_DATA[10:15]"! Calibration Data Bus PCR[341] 1/0 VDDE12 -/ Up -/ Up — — —
Fast
CAL_OE™ Calibration Output Enable PCR[342] — o} VDDE12 O/High | CAL_OE /High — — —
Fast
CAL_RD_WR" Calibration Read/Write PCR[342] — 0 VDDE12 O/ High CAL_RD_WR — — —
Fast /High
CAL_TS_ALE"! Calibration Transfer Start PCR[343] | TS=0b1 (0] VDDE12 O/ High CAL_TS/ High — — —
Address Latch Enable ALE=0b0O| O Fast
CAL_WE_BEJ[0:1]" Calibration Write Enable PCRI[342] — o} VDDE12 O/ High CAL_WE / — — —
Byte Enable Fast High
NEXUS?0
EVTI?! Nexus Event In PCR[231] 01 I VDDEH7 - —-/- 103 | 126 P10
eTPU_A[2] eTPU A Ch. 10 o} Multi-V
GPIO[231] GPIO 00 I/0
EVTO 2! Nexus Event Out PCRI[227] 0122 o} VDDEH7 I/Up I/ Up 106 129 T10
eTPU_A[4] eTPU A Ch. 10 o} Multi-V
GPIO[227] GPIO 00 I/0
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
MCKO?'! Nexus Msg Clock Out PCR[219] N/A22 o} VDDEH7 -/= -/ 99 122 T6
GPIO[219] GPIO 00 I/0 Multi-V
MDO[0]?! Nexus Msg Data Out PCR[220] 01 o} VDDEH7 /- —-/- 110 | 135 T11
eTPU_A[13] eTPU A Ch. 10 o) Multi-V
GPI0O[220] GPIO 00 I/0
MDO[1}?! Nexus Msg Data Out PCR[221] 0122 o} VDDEH?7 - —-/- 111 136 N11
eTPU_A[19] eTPU A Ch. 10 o) Multi-V
GPIO[221] GPIO 00 I/0
MDO[2]?! Nexus Msg Data Out PCR[222] 0122 o} VDDEH7 - —-/- 112 | 137 P11
eTPU_A[21] eTPU A Ch. 10 o) Multi-V
GPIO[222] GPIO 00 I/0
MDO[3]?! Nexus Msg Data Out PCR[223] 0122 o} VDDEH7 /- —-/- 114 | 139 T7
eTPU_A[25] eTPU A Ch. 10 o) Multi-V
GPIO[223] GPIO 00 I/0
MSEO[0]?! Nexus Msg Start/End Out  |PCR[224] 0122 o) VDDEH7 - Sy - 109 | 134 R10
eTPU_A[27] eTPU A Ch. 10 o) Multi-V
GPIO[224] GPIO 00 I/0
MSEO[1]*! Nexus Msg Start/End Out PCR[225] 0122 o} VDDEH7 /- —-/- 101 124 P9
eTPU_A[29] eTPU A Ch. 10 o) Multi-V
GPIO[225] GPIO 00 I/0
JTAG / TEST
TCK JTAG Test Clock Input — — | VDDEH7 TCK/Down TCK/ Down 105 128 C16
Multi-V
DI JTAG Test Data Input PCR[232] 0124 I VDDEH?7 -/- -/- 107 | 130 E14
eMIOSI[5] eMIOS Ch. 10 o) Multi-V
GPIO[232] GPIO 00 I/0
TDO23 JTAG Test Data Output PCRI[228] 0124 o} VDDEH7 —/- —/- 100 123 F14
eMIOSI6] eMIOS Ch. 10 o) Multi-V
GPIO[228] GPIO 00 I/0
™S JTAG Test Mode Select Input — — | VDDEH7 TMS / Up TMS / Up 108 131 D14
Multi-V
JCOMP JTAG TAP Controller Enable — — I VDDEH7 JCOMP/ | JCOMP / Down 98 121 F16
Multi-V Down
CAN
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
CAN_A_TX CAN_A Transmit PCRI[83] 01 0} VDDEH6a -/ Up —/Up?s 66 81 P12
SCI_A_TX eSCI_A Transmit 10 (0] Slow
GPIO[83] GPIO 00 I/0
CAN_A_RX CAN_A Receive PCR[84] 01 | VDDEH6a -/ Up -/ Up 67 82 R12
SCI_A_RX eSCI_A Receive 10 | Slow
GPIO[84] GPIO 00 I/0
CAN_C_TX CAN_C Transmit PCRI[87] 01 0} VDDEH6a -/ Up —/Up 84 101 K13
GPIO[87] GPIO 00 I/0 Medium
CAN_C_RX CAN_C Receive PCR[88] 01 | VDDEH6a -/ Up -/ Up 81 98 L14
GPIO[88] GPIO 00 I/0 Slow

eSCl
SCI_A_TX eSCI_A Transmit PCR[89] 01 (0] VDDEH6a -/ Up -/ Up 83 100 J14
eMIOS[13] eMIOS Ch. 10 (0] Slow
GPIO[89] GPIO 00 I/0
SCI_A_RX?6 eSCI_A Receive PCRI90] 01 I VDDEH6a —/Up —/Up 82 99 K14
eMIOS[15] eMIOS Ch. 10 (0] Slow
GPIO[90] GPIO 00 I/0
SCI_B_TX eSCI_B Transmit PCR[91] 01 /0 VDDEH6a -/ Up -/ Up 72 87 L13
GPIO[91] GPIO 00 I/0 Slow
SCI_B_RX eSCI_B Receive PCR[92] 01 | VDDEH6a -/ Up —/Up 69 84 M13
GPIO[92] GPIO 00 I/0 Slow
DSPI

DSPI_B_SCK DSPI_B Clock PCR[102] 01 I/0 VDDEH®6b -/ Up -/ Up 89 106 J16
DSPI_C_PCS[1] DSPI_C Periph Chip Select 10 (0] Medium
GPIO[102] GPIO 00 I/0
DSPI_B_SIN DSPI_B Data Input PCR[103] 01 | VDDEH6b -/ Up -/ Up 95 112 G15
DSPI_C_PCS|2] DSPI_C Periph Chip Select 10 (0] Medium
GPIO[103] GPIO 00 I/0
DSPI_B_SOUT DSPI_B Data Output PCR[104] 01 (0] VDDEH6b -/ Up -/ Up 96 113 G13
DSPI_C_PCS[5] DSPI_C Periph Chip Select 10 (0] Medium
GPIO[104] GPIO 00 I/0
DSPI_B_PCS[0] DSPI_B Periph Chip Select |[PCR[105] 01 (0] VDDEH6b -/ Up -/ Up 94 111 G16
GPIO[105] GPIO 00 I/0 Medium
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
DSPI_B_PCS[1] DSPI_B Periph Chip Select |PCR[106] 01 o} VDDEH®6b —/Up —/Up 92 109 H16
GPIO[106] GPIO 00 I/O Medium
DSPI_B_PCSJ[2] DSPI_B Periph Chip Select |PCR[107] 01 0} VDDEH®6b -/ Up —/Up 90 107 H15
DSPI_C_SOUT DSPI_C Data Output 10 (0] Medium
GPIO[107] GPIO 00 I/O
DSPI_B_PCSI[3] DSPI_B Periph Chip Select |PCR[108] 01 0} VDDEH®6b -/ Up —/Up 97 114 G14
DSPI_C_SIN DSPI_C Data Input 10 | Medium
GPIO[108] GPIO 00 I/O
DSPI_B_PCS[4] DSPI_B Periph Chip Select |PCR[109] 01 0} VDDEH®6b -/ Up -/ Up 88 105 H14
DSPI_C_SCK DSPI_C Clock 10 I/0 Medium
GPIO[109] GPIO 00 I/O
DSPI_B_PCSI5] DSPI_B Periph Chip Select |PCR[110] 01 0} VDDEH®6b -/ Up -/ Up 87 104 J13
DSPI_C_PCS|0] DSPI_C Periph Chip Select 10 0} Medium
GPIO[110] GPIO 00 I/O

eQADC

AN[0]?7 Single Ended Analog Input — — | VDDA /- AN[0] /- 143 172 B5
DANO+ Positive Terminal Diff. Input |
AN[11%7 Single Ended Analog Input — — I VDDA I/ - AN[1]/- 142 | 171 A6
DANO- Negative Terminal Diff. Input |
AN[2]27 Single Ended Analog Input — — | VDDA /- AN[2] /- 141 170 D6
DAN1+ Positive Terminal Diff. Input |
AN[3[%7 Single Ended Analog Input — — | VDDA /- AN[3]/ - 140 169 C7
DAN1- Negative Terminal Diff. Input |
AN[4]%7 Single Ended Analog Input — — I VDDA I/ - AN[4]/ - 139 | 168 B6
DAN2+ Positive Terminal Diff. Input |
AN[5]27 Single Ended Analog Input — — | VDDA /- AN[5]/— 138 167 A7
DAN2- Negative Terminal Diff. Input |
AN[6]%7 Single Ended Analog Input — — | VDDA /- AN[6] /- 137 166 D7
DAN3+ Positive Terminal Diff. Input |
AN[7]?7 Single Ended Analog Input — — | VDDA /- AN[7]/ - 136 165 Cc8
DANS3- Negative Terminal Diff. Input |
ANI8] See AN[38]-AN[8]-ANW
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State® | "y ¢ier Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
AN[9] Single Ended Analog Input — — | VDDA /- AN[9] /- 5 5 A2
ANX External Multiplexed Analog |

Input
AN[10] See AN[39]-AN[10]-ANY
AN[11] Single Ended Analog Input — — | VDDA /- AN[11] /- 4 4 A3
ANZ External Multiplexed Analog |
Input

AN[12] Single Ended Analog Input  |PCR[215] 011 | VDDEH7 I/- AN[12] /- 119 148 A12
MA[O] Mux Address 010 (0]
ETPU_A[19] ETPU_A Ch. 100 0}
SDS eQADC Serial Data Strobe 000 (0]
AN[13] Single Ended Analog Input  |PCR[216] 011 | VDDEH7 /- AN[13]/ - 118 147 B12
MA[1] Mux Address 010 o}
ETPU_A[21] ETPU_A Ch. 100 o}
SDO eQADC Serial Data Out 000 o}
AN[14] Single Ended Analog Input  |PCR[217] 011 | VDDEH7 /- AN[14] /- 117 146 C12
MA[2] Mux Address 010 (0]
ETPU_A[27] ETPU_A Ch. 100 0}
SDI eQADC Serial Data In 000 |
AN[15] Single Ended Analog Input  |PCR[218] 011 | VDDEH7 /- AN[15] /- 116 145 C13
FCK eQADC Free Running Clock 010 (0]
ETPU_A[29] ETPU_A Ch. 000 o}
AN[16] Single Ended Analog Input — — | VDDA /- AN[X] /- 3 3 C6
AN[17] Single Ended Analog Input — — | VDDA /- ANI[x] /- 2 2 C4
AN[18] Single Ended Analog Input — — | VDDA /- ANI[X] / - 1 1 D5
AN[21] Single Ended Analog Input — — | VDDA /- AN[X] /- 144 173 B4
AN[22] Single Ended Analog Input — — | VDDA /- AN[x] /- 132 161 B8
AN[23] Single Ended Analog Input — — | VDDA /- ANI[X] / - 131 160 C9
AN[24] Single Ended Analog Input — — | VDDA /- AN[X] /- 130 159 D8
AN[25] Single Ended Analog Input — — | VDDA /- ANI[x] /- 129 158 B9
AN[27] Single Ended Analog Input — — | VDDA /- ANI[X] / - 128 157 A10
AN[28] Single Ended Analog Input — — | VDDA /- AN[X] /- 127 156 B10
AN[30] Single Ended Analog Input — — | VDDA /- ANI[x] /- 126 155 D9
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
AN[31] Single Ended Analog Input — — | VDDA /- ANI[X] / - 125 154 D10
AN[32] Single Ended Analog Input — — | VDDA /- AN[X] /- 124 153 C10
AN[33] Single Ended Analog Input — — | VDDA /- ANI[x] /- 123 152 C11
AN[34] Single Ended Analog Input — — | VDDA /- AN[X] /- 122 151 C5
AN[35] Single Ended Analog Input — — | VDDA /- AN[X] /- 121 150 D11
AN[36] Single Ended Analog Input — — I VDDA /- AN[x] /- — 1747 F48
AN[37] Single Ended Analog Input — — | VDDA /- AN[X] /- — 1757 E38
AN[38]-AN[8]- Single Ended Analog Input — — | VDDA /- AN[38] / - 9 9 B3
ANW Multiplexed Analog Input
AN[39]-AN[10]- Single Ended Analog Input — — | VDDA /- AN[39] /- 8 8 D2
ANY Multiplexed Analog Input
VRH Voltage Reference High — — | VDDA -/- VRH 134 163 A8
VRL Voltage Reference Low — — | VSSAO0 -/- VRL 133 162 A9
REFBYPC Bypass Capacitor Input — — | VRL -/- REFBYPC 135 164 B7

eTPU2

eTPU_A[O] eTPU_A Ch. PCR[114] 011 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 52 61 L4, N3
eTPU_A[12] eTPU_A Ch. 010 0} Slow
eTPU_A[19] eTPU_A Ch. 100 0}
GPIO[114] GPIO 000 I/0
eTPU_A[1] eTPU_A Ch. PCR[115] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 51 60 M3
eTPU_A[13] eTPU_A Ch. 10 o} Slow
GPIO[115] GPIO 00 I/0
eTPU_A[2] eTPU_A Ch. PCR[116] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 50 59 P2
eTPU_A[14] eTPU_A Ch. 10 0} Slow
GPIO[116] GPIO 00 I/0
eTPU_A[3] eTPU_A Ch. PCR[117] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 49 58 P1
eTPU_A[15] eTPU_A Ch. 10 0} Slow
GPIO[117] GPIO 00 I/0
eTPU_A[4] eTPU_A Ch. PCR[118] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 47 56 N2
eTPU_A[16] eTPU_A Ch. 10 0} Slow
GPIO[118] GPIO 00 I/0
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | PadType | eSetStale” " ser Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
eTPU_A[5] eTPU_A Ch. PCR[119] 001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 45 54 M4
eTPU_A[17] eTPU_A Ch. 010 o} Slow
DSPI_B_SCK_LVDS- DSPI_B CLOCK LVDS- 100 0}
GPIO[119] GPIO 000 I/O
eTPU_A[6] eTPU_A Ch. PCR[120] 001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 44 53 L3
eTPU_A[18] eTPU_A Ch. 010 0} Medium
DSPI_B_SCK_LVDS+ |DSPI_B Clock LVDS+ 100 o}
GPIO[120] GPIO 000 I/O
eTPU_A[7] eTPU_A Ch. PCR[121] 0001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 43 52 K3
eTPU_A[19] eTPU_A Ch. 0010 o Slow
DSPI_B_SOUT_LVDS- |DSPI_B Data Output LVDS- 0100 o}
eTPU_A[6] eTPU_A Ch. 1000 o}
GPIO[121] GPIO 0000 1/0
eTPU_A[8] eTPU_A Ch. PCR[122] 001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 42 51 N1
eTPU_A[20] eTPU_A Ch. 010 0} Slow
DSPI_B_SOUT_LVDS+ |DSPI_B Data Output LVDS+ 100 o}
GPIO[122] GPIO 000 I/O
eTPU_A[9] eTPU_A Ch. PCR[123] 01 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 41 50 M2
eTPU_A[21] eTPU_A Ch. 10 0} Slow
GPIO[123] GPIO 00 I/O
eTPU_A[10] eTPU_A Ch. PCR[124] 01 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 40 49 M1
eTPU_A[22] eTPU_A Ch. 10 0} Slow
GPIO[124] GPIO 00 I/O
eTPU_A[11] eTPU_A Ch. PCR[125] 01 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 39 48 L2
eTPU_A[23] eTPU_A Ch. 10 o} Slow
GPIO[125] GPIO 00 I/O
eTPU_A[12] eTPU_A Ch. PCR[126] 01 I/O VDDEH1b | —/WKPCFG| -/WKPCFG 38 47 L1
DSPI_B_PCS[1] DSPI_B Periph Chip Select 10 (0] Medium
GPIO[126] GPIO 00 I/O
eTPU_A[13] eTPU_A Ch. PCR[127] 01 1/O VDDEH1b |-/WKPCFG | -/WKPCFG 37 46 J4
DSPI_B_PCSI[3] DSPI_B Periph Chip Select 10 0} Medium
GPIO[127] GPIO 00 I/O
eTPU_A[14] eTPU_A Ch. PCR[128] 001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 35 42 J3
DSPI_B_PCSJ[4] DSPI_B Periph Chip Select 010 0} Medium
eTPU_A[9] eTPU_A Ch. 100 o}
GPIO[128] GPIO 000 I/0
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
eTPU_A[15] eTPU_A Ch. PCR[129] 01 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 33 40 K2
DSPI_B_PCSI[5] DSPI_B Periph Chip Select 10 (0] Medium
GPIO[129] GPIO 00 I/0
eTPU_A[16] eTPU_A Ch. PCR[130] 01 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 32 39 K1
GPIO[130] GPIO 00 I/O Slow
eTPU_A[17] eTPU_A Ch. PCR[131] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 31 38 H3
GPIO[131] GPIO 00 I/O Slow
eTPU_A[18] eTPU_A Ch. PCR[132] 01 I/O VDDEH1b |-/WKPCFG | —-/WKPCFG 30 37 H4
GPIO[132] GPIO 00 I/0 Slow
eTPU_A[19] eTPU_A Ch. PCR[133] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 29 36 J2
GPIO[133] GPIO 00 I/O Slow
eTPU_A[20] eTPU_A Ch. PCR[134] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 28 35 J1
IRQI8] External Interrupt Request 10 | Slow
GPIO[134] GPIO 00 I/O
eTPU_A[21] eTPU_A Ch. PCR[135] 01 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 27 34 G4
IRQI9] External Interrupt Request 10 | Slow
GPIO[135] GPIO 00 I/O
eTPU_A[22] eTPU_A Ch. PCR[136] 001 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 25 32 H2
IRQ[10] External Interrupt Request 010 | Slow
eTPU_A[17] eTPU_A Ch. External 100 (0]
GPIO[136] GPIO 000 I/O
eTPU_A[23] eTPU_A Ch. PCR[137] 001 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 23 30 H1
IRQ[11] External Interrupt Request 010 | Slow
eTPU_A[21] eTPU_A Ch. External 100 0}
GPIO[137] GPIO 000 I/0
QU_A[24]28 eTPU_A Ch. PCR[138] 001 I/O VDDEH1a |-/WKPCFG | -/WKPCFG 21 28 G1
IRQ[12] External Interrupt Request 010 | Slow
DSPI_C_SCK_LVDS- DSPI_C Clock LVDS- 100 0}
GPIO[138] GPIO 000 I/O
Qqu[zs]ZB eTPU_A Ch. PCR[139] 001 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 20 27 G3
IRQ[13] External Interrupt Request 010 | Medium
DSPI_C_SCK_LVDS+ |DSPI_C Clock LVDS+ 100 o}
GPIO[139] GPIO 000 I/O
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
QU_A[%}28 eTPU_A Ch. PCR[140] 001 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 19 26 F3
IRQ[14] External Interrupt Request 010 | Slow
DSPI_C_SOUT_LVDS- |DSPI_C Data Output LVDS- 100 0}
GPIO[140] GPIO 000 I/0
QU_A[Z?]28 eTPU_A Ch. PCR[141] 0001 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 18 25 G2
IRQ[15] External Interrupt Request 0010 | Slow
DSPI_C_SOUT_LVDS+ |DSPI_C Data Output LVDS+ 0100 0}
DSPI_B_SOUT DSPI_B Data Output 1000 0}
GPIO[141] GPIO 0000 I/0
eTPU_A[28]%8 eTPU_A Ch. (Input and PCR[142] 10 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 17 24 F1
DSPI_C_PCS[1] Output) 01 (0] Medium
GPIO[142] DSPI_C Periph Chip Select 00 I/0

GPIO
eTPU_A[29]%8 eTPU_A Ch. (Input and PCR[143] 10 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 16 23 F2
DSPI_C_PCS[2] Output) 01 o} Medium
GPIO[143] DSPI_C Periph Chip Select 00 I/0
GPIO
eTPU_A[30] eTPU_A Ch. PCR[144] 011 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 15 22 E1
DSPI_C_PCSJ3] DSPI_C Periph Chip Select 010 (0] Medium
eTPU_A[11] eTPU_A Ch. 001 0}
GPIO[144] GPIO 000 I/0
eTPU_A[31] eTPU_A Ch. PCR[145] 011 I/0 VDDEH1a |-/WKPCFG | -/WKPCFG 14 21 E2
DSPI_C_PCS[4] DSPI_C Periph Chip Select 010 (0] Medium
eTPU_A[13] eTPU_A Ch. 001 0}
GPIO[145] GPIO 000 I/0
eMIOS

eMIOS[0] eMIOS Ch. PCR[179] 001 I/O VDDEH1b |-/WKPCFG | -/WKPCFG 54 63 T4
eTPU_A[O] eTPU_A Ch. 010 0} Slow
eTPU_A[25]%° eTPU_A Ch. 100 o}
GPIO[179] GPIO 000 I/0
eMIOS[1] eMIOS Ch. PCR[180] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG — 647 T58
eTPU_A[1] eTPU_A Ch. 10 o} Slow
GPIO[180] GPIO 00 I/0
eMIOS[2] eMIOS Ch. PCR[181] 01 I/0 VDDEH1b |-/WKPCFG | -/WKPCFG 55 65 N7
eTPU_A[2] eTPU_A Ch. 10 o} Slow
GPIO[181] GPIO 00 I/0
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB

(PCR)? LQFP | LQFP GA
eMIOS[4] eMIOS Ch. PCR[183] 01 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 56 67 R5
eTPU_A[4] eTPU_A Ch. 10 (0] Slow
GPIO[183] GPIO 00 1/0
eMIOSI[8] eMIOS Ch. PCR[187] 001 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 57 70 P8
eTPU_A[8]%° eTPU_A Ch. 010 o} Slow
SCI_B_TX eSCI_B Transmit 100 (0]
GPIO[187] GPIO 000 I/0
eMIOS[9] eMIOS Ch. PCR[188] 001 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 58 71 R7
eTPU_A[9]%° eTPU_A Ch. 010 o} Slow
SCI_B_RX eSCI_B Receive 100 |
GPIO[188] GPIO 000 I/0
eMIOS[10] eMIOS Ch. PCR[189] 01 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 60 73 N8
GPIO[189] GPIO 00 /0 Slow
eMIOS[11] eMIOS Ch. PCR[190] 01 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 62 75 R8
GPIO[190] GPIO 00 1/0 Slow
eMIOS[12] eMIOS Ch. PCR[191] 001 /0 VDDEH6a |—-/WKPCFG | —/WKPCFG 63 76 N10
DSPI_C_SOUT DSPI C Data Output 010 (0] Medium
eTPU_A[27] eTPU_A Ch. 100 (0]
GPIO[191] GPIO 000 I/0
eMIOS[13] eMIOS Ch. PCR[192] 01 /O | VDDEH6a |-/WKPCFG | -/WKPCFG — 777 T88
GPIO[192] GPIO 00 I/0
eMIOS[14] eMIOS Ch. PCR[193] 001 o) VDDEH6a | -/WKPCFG | —/WKPCFG 64 78 R9
IRQ[0] External Interrupt Request 010 | Slow
eTPU_A[29] eTPU_A Ch. 100 (0]
GPIO[193] GPIO 000 /0
eMIOS[15] eMIOS Ch. PCR[194] 01 0 VDDEH6a | -/WKPCFG | —/WKPCFG — 797 T98
IRQ[1] External Interrupt Request 10 | Slow
GPIO[194] GPIO 00 I/0
eMIOS[23] eMIOS Ch. PCR[202] 01 1/0 VDDEH6a | -/WKPCFG | -/WKPCFG 65 80 R11
GPI0[202] GPIO 00 /0 Slow

Clock Synthesizer

XTAL Crystal Oscillator Output — — o VDDEH6a o/- XTALS! /- 76 93 P16
EXTAL Crystal Oscillator Input — — I VDDEH6a /- EXTAL®%/ — 75 92 N16
EXTCLK External Clock Input
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State” | p¢ter Reset® 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
CLKOUT System Clock Output PCR[229] — O VDDE5 CLKOUT/ CLKOUT/ — — T14
Fast Enabled Enabled
Power / Ground
VDDPLL PLL Supply Voltage — — | VDDPLL /- — 74 91 R16
(1.2v)
VSSPLL33 PLL Ground — — | VSSPLL 1/ — 77 94 M16
VSTBY Power Supply for Standby — — | VSTBY /- — 12 12 C1
RAM
VRC33 3.3V Voltage Regulator — — (0] VRC33 o/- — 13 13 A15, D1,
Bypass Capacitor N6, N12
VRCCTL Voltage Regulator Control — — (0] NA Oo/- — 11 11 N14
Output
VDDA3* Analog Power Input for — — | | VDDA (5.0 V) /- — 6 6 —
eQADC
VDDAO Analog Power Input for — — | VDDA /- — — — B11
eQADC
VSSAO0 Analog Ground Input for — — | VSSA /- — — — A1
eQADC
VDDA1 Analog Power Input for — — | VDDA /- — — — A4
eQADC
VSSA1 Analog Ground Input for — — | VSSA /- — — — A5
eQADC
VSSA% Analog Ground Input for — — I VSSA I/ - — 7 7 —
eQADC
VDDREG Voltage Regulator Supply — — VDDREG /- — 10 10 K16
(5.0V)
VDD Internal Logic Supply Input — — | VDD (1.2V) /- — 26,53, | 33,62, |[B1,B16,C2,
86, 120| 103, | D3, E4, N5,
149 |P4,P13,R3,
R14, T2,
T15
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Table 8. MPC563xM signal properties (continued)

Pad Pin No.
Lo q Config. | PCRPA | /O Voltage* / 5 | Function/ State
Name Function Register | Field® | Type | Pad Type Reset State® | "y ¢ier Reset® 144 | 176 | 208 MAPB
(PCR)? LQFP | LQFP GA
VSS Ground — — - VSS0 /- — 22,36, | 15,29, |A1,A16,B2,
48,59, | 43,57, | B15,C3,
73,79, (72,90, | C14, D4,
91, 96, D13, G7,
104, | 108, | G8, G,
115 | 1157, | G10, H7,
127, H8, HO,
133, |H10,J7,J8,
140 |J9,J10,K7,
K8, K9, K10,
N4, N13,
P3,P14,R2,
R15, T1,
T16
VDDEH1A36 1/0 Supply Input — — I VDDEH1%7 /- — 24,34, | 31, 41 K4
VDDEH1B%6 (3.3V-5.0V) 46 55
VDDES5 1/0O Supply Input — — | VDDE5 1/- — — — T13
VDDEH6a38 39 I/0 Supply Input — — I VDDEH6 /- — 78,93, 95, —
VDDEH6b3° (3.3V-5.0V) 61 |[110,74
VDDEH6 /0 Supply Input — — | |VDDEH6 /- — — — F13
VDDEH?7 I/0O Supply Input — — I VDDEH740 /- — 102, | 125, D12
(3.3V—5.0V) 113 | 138
VDDE7%! I/0 Supply Input — — I VDDE7 /- — — 16, E13, P6
(3.3V) 1197
NOTES:

€6

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

2 Values in this 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.

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

4 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 Vt0o 5.0 V
range (-10%/+5%). Each segment of fast /O (VDDE) may have a separate supply in the 1.8 V to 3.3 V range (+/- 10%).

5 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.

6 Function after reset of GPI is general purpose input. A dash for the function in this column denotes that both the input and output buffer are turned off.
7 Not available on 1 MB version of 176-pin package.
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8 Not available on 1 MB version of 208-pin package.

9 The GPIO functions on GPIO[206] and GPIO[207] can be selected as trigger functions in the SIU for the ADC by making the proper selections in the
SIU_ETISR and SIU_ISELS registers in the SIU.

10 Some signals in this section are available only on calibration package.

™ These pins are only available in the 496 CSP/MAPBGA calibration/development package.

2 On the calibration package, the Nexus function on this pin is enabled when the NEXUSCFG pin is high and Nexus is configured to full port mode. On the
176-pin and 208-pin packages, the Nexus function on this pin is enabled permanently. Do not connect the Nexus MDO or MSEOQ pins directly to a power supply
or ground.

'3 In the calibration package, the I/O segment containing this pin is called VDDE12.

14 208-ball BGA package only

5 When configured as Nexus (208-pin package or calibration package with NEXUSCFG=1), and JCOMP is asserted during reset, MDO[0] is driven high until
the crystal oscillator becomes stable, at which time it is then negated.

16 The function of this pin is Nexus when NEXUSCFG is high.

17 High when the pin is configured to Nexus, low otherwise.

8 O/Low for the calibration with NEXUSCFG=0; I/Up otherwise.

19 ALT_ADDRY/Low for the calibration package with NEXUSCFG=0; EVTI/Up otherwise.

20 |n 176-pin and 208-pin packages, the Nexus function is disabled and the pin/ball has the secondary function

21 This signal is not available in the 176-pin and 208-pin packages.

22 The primary function is not selected via the PA field when the pin is a Nexus signal. Instead, it is activated by the Nexus controller.
23 TDI and TDO are required for JTAG operation.

24 The primary function is not selected via the PA field when the pin is a JTAG signal. Instead, it is activated by the JTAG controller.
25 The function and state of the CAN_A and eSCI_A pins after execution of the BAM program is determined by the BOOTCFG1 pin.
26 Connect an external 10K pull-up resistor to the SCI_A_RX pin to ensure that the pin is driven high during CAN serial boot.

27 For pins AN[0:7], during and just after POR negates, internal pull resistors can be enabled, resulting in as much as 4 mA of current draw. The pull resistors
are disabled when the system clock propagates through the device.

28 ETPUA[24:29] are input and output. The input muxing is controlled by SIU_ISELS register.
29 eTPU_A[25] is an output only function.
30 Only the output channels of eTPU[8:9] are connected to pins.

31 The function after reset of the XTAL pin is determined by the value of the signal on the PLLCFG[1] pin. When bypass mode is chosen XTAL has no function
and should be grounded.

32 The function after reset of the EXTAL_EXTCLK pin is determined by the value of the signal on the PLLCFG[1] pin. If the EXTCLK function is chosen, the valid
operating voltage for the pin is 1.62 V to 3.6 V. If the EXTAL function is chosen, the valid operating voltage is 3.3 V.

33 VSSPLL and VSSREG are connected to the same pin.

34 This pin is shared by two pads: VDDA_AN, using pad_vdde_hv, and VDDA _DIG, using pad_vdde_int_hv.

35 This pin is shared by two pads: VSSA_AN, using pad_vsse_hv, and VSSA_DIG, using pad_vsse_int_hv.

36 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.

37 LVDS pins will not work at 3.3 V.

38 The VDDEH6 segment may be powered from 3.0 V to 5.0 V for mux address or SSI functions, but must meet the VDDA specifications of 4.5 V to 5.25 V for
analog input function.
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39 VDDEH6A and VDDEH®6B 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.

40 i using JTAG or Nexus, the 1/0 segment that contains the JTAG and Nexus pins must be powered by a 5 V supply. The 3.3 V Nexus/JTAG signals are derived

from the 5 volt power supply.

41In the calibration package this signal is named VDDE12.

Table 9. Pad types

Pad Type Name Supply Voltage
Slow pad_ssr_hv 30V-525V
Medium pad_msr_hv 30V-525V
Fast pad_fc 30V-36V
MultiV pad_multv_hv 3.0 V-5.25V (high swing mode)
45V —-5.25V (low swing mode)
Analog pad_ae_hv 0.0-525V
LVDS pad_lo_Iv —




3.3 Detailed Signal Descriptions

3.3.1 Reset / Configuration

3.3.1.1 RESET — External Reset Input

The RESET input is asserted by an external device to reset the all modules of this device. The RESET pin
should be asserted during a power-on reset. See Chapter 4, “Resets,” for more details.

3.3.1.2 PLLREF_IRQ[4]_ETRIG[2] _GPIO[208] — FMPLL Mode Selection /
External Interrupt Request / eQADC Trigger Input / GPIO

PLLREF IRQ[4] ETRIG[2] GPIO[208] is used during reset to configure the operating mode of the
FMPLL. It has to be set to the desired value soon after power-on reset and kept stable during the whole
reset cycle. After reset is negated, this pin is used for one of the alternate functions. The alternate function

is an external interrupt request input. The second alternate function is the external trigger input for the
eQADC.

3.3.1.3 BOOTCFG[1]_IRQ[3]_ETRIG[3] _GPIO[212] — Reset Configuration /
External Interrupt Request / eQADC Trigger Input / GPIO

BOOTCFG[1] _IRQ[3] _ETRIG[3] GPIO[212] are sampled on the negation of the RSTOUT pin. The
values are used by the BAM program to determine the boot configuration of this device. The alternate

function is an external interrupt request input. The second alternate function is the external trigger input
for the eQADC.

3.3.1.4 WKPCFG_NMI_DSPI_B_SOUT_GPIO[213] — Weak Pull Configuration /
GPIO

WKPCFG_NMI DSPI B SOUT GPIO[213] determines whether specified eTPU and eMIOS pins are
connected to a weak pull up or weak pull down during and immediately after reset. The primary alternate
function is the Non-Maskable Interrupt; the second is the DSPI Serial Data Output.

3.3.2 General Purpose I/0 (GPIO)

3.3.2.1 GPI10[98:99] / GP10[206:207]
These are General Purpose I/O pins.

3.3.3 Calibration External Bus Interface (EBI)

3.3.3.1 CAL_ADDR[12:15] — Calibration Address
CAL ADDRJ12:15] are the calibration address signals.

MPC5634M Microcontroller Reference Manual, Rev. 6

96 Freescale Semiconductor



3.3.3.2 CAL_ADDR[16:27]_ALT_MDOJ[0:11] — Calibration Addr / Nexus
Message Data Out

CAL ADDRJ[16:27] ALT MDQJ[0:11] are the calibration address signals. The alternate function are
nexus message data outputs.

3.3.3.3 CAL_ADDR[28:29] ALT_MSEO[0:1] — Calibration Address / Nexus
Message Start/End Out

CAL ADDR][28:29] ALT MSEOJ[0:1] are the calibration address signals. The alternate function are
Nexus message start/end out.

3.3.3.4 CAL_ADDR[30]_ALT_EVTI — Calibration Address / Nexus Event In
CAL ADDR[30] ALT EVTI is the calibration address signal. The alternate function is Nexus event in.

3.3.3.5 CAL_CS[2:3]_CAL_ADDR[10:11] — Calibration Chip Selects /
Calibration Address

CAL_CS[2:3] CAL_ADDR[10:11] are the calibration chip select output signals. The alternate functions
are calibration address signals.

3.3.3.6 CAL_CS[0] — Calibration Chip Select
CAL_CS[0] is the calibration chip select output signal.

3.3.3.7 CAL_DATA[0:15] — Calibration Data
CAL DATAJ[O0:15] are the calibration data signals.

3.3.3.8 CAL_OE — Calibration Output Enable

CAL OE indicates that the calibration interface is ready to accept read data.

3.3.3.9 CAL_RD_WR — Calibration Read/Write

CAL RD_ WR indicates whether a calibration bus transfer is a read or write operation.

3.3.3.10 CAL_TS_ALE — Calibration Transfer Start / Address Latch Enable

The Calibration Transfer Start signal CAL TS is asserted by this device to indicate the start of a transfer.
The Address Latch Enable (ALE) signal is used to demultiplex the address from data bus. It is asserted
while the least significant 16 bits of the address are present in the multiplexed address/data bus.

3.3.3.11 CAL_WE[0:1]_BE[0:1] — Calibration Write/Byte Enable
CAL_WE[0:1]_BE[0:1] specify which data pins contain valid data for a calibration bus transfer.
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3.3.3.12 ALT_EVTO— Nexus Event Out

ALT EVTO is an output that provides timing to a development tool for a single watchpoint or breakpoint
occurrence.

3.3.3.13 ALT_MCKO— Nexus Message Clock Out

ALT MCKO is a free running clock output to the development tools which is used for timing of the MDO
and MSEO signals.

3.3.4 Nexus Port Controller (NPC)

3.3.4.1 NEXUSCFG — Nexus Configuration

NEXUSCEFG is an input pin to select which function (nexus or cal_addr) is assigned to pad cal addr
outputs.

3.3.4.2 EVTI_eTPU_A[2]_GPIO[231] — Nexus Event In/ eTPU_A Channel / GPIO

EVTI is an input that is read on the negation of TRST to enable or disable the Nexus Debug port. After
reset, the EVTI pin is used to initiate program and data trace synchronization messages or generate a
breakpoint. The alternate functions are output channel for eTPU_A[2] module and GPIO[231].

3.3.4.3 EVTO _eTPU_A[4]_GPIO[227] — Nexus Event Out / eTPU_A Channel /
GPIO

EVTO is an output that provides timing to a development tool for a single watchpoint or breakpoint
occurrence. The alternate functions are output channel for eTPU_A[4] module and GPIO[227].

3.3.4.4 MCKO_GPIO[219] — Nexus Message Clock Out / GPIO

MCKO is a free running clock output to the development tools which is used for timing of the MDO and
MSEO signals. The alternate functions is GPIO[219], when package QFP is selected.

3.3.4.5 MDO[0]_eTPU_A[13]_GPIO[220] — Nexus Message Data Out / eTPU_A
Channel / GPIO

This a trace message output to the development tools. This pin also indicates the status of the crystal
oscillator clock following a power-on reset, when MDOJ[0] is driven high until the crystal oscillator clock
achieves stability and then is negated. The alternate functions are output channel for eTPU_A[13] module
and GPI10O[220].

3.3.4.6 MDO[1]_eTPU_A[19]_GPIO[221] — Nexus Message Data Out / eTPU_A
Channel / GPIO

This is the trace message output to the development tools. The alternate functions are output channel for
eTPU_A[19] module and GPIO[221].
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3.3.4.7 MDOI[2]_eTPU_A[21]_GPIO[222] — Nexus Message Data Out/ eTPU_A
Channel / GPIO

This is the trace message output to the development tools. The alternate functions are output channel for
eTPU_A[21] module and GPIO[222].

3.3.4.8 MDO[3]_eTPU_A[25]_GPIO[223] — Nexus Message Data Out / eTPU_A
Channel / GPIO

This is the trace message output to the development tools. The alternate functions are output channel for
eTPU_A[25] module and GPIO[223].

3.3.4.9 MSEO[0]_eTPU_A[27]_GPIO[224] — Nexus Message Start/End Out /
eTPU_A Channel / GPIO

This is the output that indicate when messages start and end on the MDO pins. The alternate functions are
output channel for eTPU_A[27] module and GPIO[224].

3.3.4.10 MSEO[1] _eTPU_A[29]_GPIO[225] — Nexus Message Start/End Out /
eTPU_A Channel / GPIO

This is the output that indicates when messages start and end on the MDO pins. The alternate functions are
output channel for eTPU_A[29] module and GPIO[225].

3.3.5 JTAG

3.3.5.1 TCK — JTAG Test Clock Input
TCK provides the clock input for the on-chip test logic.

3.3.5.2 TDI_eMIOS[5]_GPIO[232] — JTAG Test Data Input

TDI provides the serial test instruction and data input for the on-chip test logic. The alternate functions are
output channel for eMIOS[5] module and GP1O[232].

3.3.53 TDO_eMIOS[6] GPIO[228] — JTAG Test Data Output

TDO provides the serial test data output for the on-chip test logic. The alternate functions are output
channel for eMIOS[6] module and GPIO[228].

3.354 TMS — JTAG Test Mode Select Input

TMS controls test mode operations for the on-chip test logic.

3.3.5.5 JCOMP — JTAG Compliance Input
The JCOMP pin is used to enable the JTAG TAP controller.
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3.3.6 FlexCAN

3.3.6.1 CAN_A_TX_SCI_A_TX_GPIO[83] — CAN_A Transmit / eSCI_A Transmit
/ GPIO

CAN_A TX SCI_A TX GPIO[83] is the transmit pin for the FlexCAN A module. The alternate

function is the transmit pin for the eSCI A module.

3.3.6.2 CAN_A_RX_SCI_A_RX_GPIO[84] — CAN_A Receive / eSCI_A Receive /
GPIO

CAN_A RX SCI A RX GPIO[84] s the receive pin for the FlexCAN A module. The alternate function

is the receive pin for the eSCI A module.

3.3.6.3 CAN_C_TX_GPIO[87] — CAN_C Transmit/ - /GPIO

CAN_C TX GPIO[87] is the transmit pin for the FlexCAN C module. The first alternate function is not

implemented.

3.3.6.4 CAN_C_RX_GPIO[88] — CAN_C Receive/ -/ GPIO

CAN_C RX GPIO[88] is the receive pin for the FlexCAN C module. The first alternate function is not
implemented.

3.3.7 eSCI

3.3.7.1 SCI_A_TX_eMIOS[13]_GPIO[89] — eSCI_A Transmit / eMIOS Channel /
GPIO

SCI_A TX eMIOS[13] GPIO[89] is the transmit pin for the eSCI A module. Its alternate function is
eMIOS[13] channel output pin.

3.3.7.2 SCI_A_RX_eMIOS[15]_GPIO[90] — eSCI_A Receive / eMIOS Channel /
GPIO

SCI_A RX eMIOS[15] GPIO[90] is the receive pin for the eSCI A module. Its alternate function is
eMIOS[15] channel input and output pin.

3.3.7.3 SCI_B_TX_GPIO[91] — eSCI_B Transmit / GPIO
SCI B _TX GPIO[91] is the transmit pin for the eSCI B module.

3.3.7.4 SCI_B_RX_GPIO[92] — eSCI_B Transmit/-/ GPIO

SCI_ B _RX GPIO[92] is the transmit pin for the eSCI B module. Its first alternate function is not
implemented.
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3.3.8 DSPI

3.3.8.1 DSPI_B_SCK_DSPI_C_PCS[1]_GPIO[102] — DSPI_B Clock / GPIO
DSPI B SCK_DSPI_C PCS[1] GPIO[102] is the SPI clock pin for the DSPI B module. The alternate
function is a peripheral chip select output pin for the DSPI C module.

3.3.8.2 DSPI_B_SIN_DSPI_C_PCS[2] _GPIO[103] — DSPI_B Data Input / GPIO
DSPI B SIN DSPI C PCS[2]_GPIO[103] is the data input pin for the DSPI B module. The alternate
function is a peripheral chip select output pin for the DSPI C module.

3.3.8.3 DSPI_B_SOUT DSPI_C_PCS[5] GPIO[104] — DSPI_B Data Output
IGPIO

DSPI B SOUT_DSPI C PCS[5] GPIO[104] is the data output pin for the DSPI B module. The alternate
function is a peripheral chip select output pin for the DSPI C module.

3.3.8.4 DSPI_B_PCS[0]_GPIO[105] — DSPI_B Chip Select / GPIO

DSPI_ B PCS[0]_GPIO[105] is a peripheral chip select output pin (slave select input pin for slave
operation) for the DSPI B module. Its first alternate function is not implemented.

3.3.8.5 DSPI_B_PCS[1]_GPIO[106] — DSPI_B Chip Select/-/ GPIO

DSPI_ B PCS[1]_GPIO[106] is a peripheral chip select output pin for the DSPI B module. Its first
alternate function is not implemented.

3.3.8.6 DSPI_B_PCS[2]_DSPI_C_SOUT_GPIO[107] — DSPI_B Chip Select/GPIO

DSPI B PCS[2] DSPI_C SOUT_GPIO[107] is a peripheral chip select output pin for the DSPI B
module. The alternate function is a data output pin for the DSPI C module.

3.3.8.7 DSPI_B_PCS[3]_DSPI_C_SIN_GPIO[108] — DSPI_B Chip Select/GPIO

DSPI B PCS[3] DSPI C SIN GPIOJ[108] is a peripheral chip select output pin for the DSPI B module.
The alternate function is a data input pin for the DSPI C module.

3.3.8.8 DSPI_B_PCS[4]_DSPI_C_SCK_GPIO[109] — DSPI_B Chip Select/GPIO

DSPI B PCS[4] DSPI_C SCK GPIO[109] is a peripheral chip select output pin for the DSPI B module.
The alternate function is a clock output pin for the DSPI C module.
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3.3.8.9 DSPI_B_PCS[5] DSPI_C_PCS[0]_GPIO[110] — DSPI_B Chip
Select/GPIO

DSPI B PCS[5] DSPI_C PCS[0]_GPIO[110] is a peripheral chip select output pin for the DSPI B
module. The alternate function is a peripheral chip select output pin for the DSPI C module.

3.3.9 eQADC

3.3.9.1 AN[0]_DANO+ — Analog Input / Differential Analog Input Positive
Terminal

ANJO] is a single ended analog input pin. DANO+ is the positive terminal input of the differential analog
input DANO.

3.3.9.2 AN[1]_DANO- — Analog Input / Differential Analog Input Negative
Terminal

ANT[1] is a single ended analog input pin. DANO- is the negative terminal input of the differential analog
input DANO.

3.3.9.3 AN[2]_DAN1+ — Analog Input / Differential Analog Input Positive
Terminal

ANJ2] is a single ended analog input pin. DAN1+ is the positive terminal input of the differential analog
input DANIT.

3.3.9.4 AN[3]_DAN1- — Analog Input / Differential Analog Input Negative
Terminal

ANJ3] is a single ended analog input pin. DANI1- is the negative terminal input of the differential analog
input DAN1.

3.3.9.5 AN[4]_DAN2+ — Analog Input / Differential Analog Input Positive
Terminal

ANJ4] is a single ended analog input pin. DAN2+ is the positive terminal input of the differential analog

input DAN2.

3.3.9.6 AN[5]_DAN2- — Analog Input / Differential Analog Input Negative
Terminal

AN[5] is a single ended analog input pin. DAN2- is the negative terminal input of the differential analog
input DAN2.
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3.3.9.7 AN[6]_DAN3+ — Analog Input / Differential Analog Input Positive
Terminal

ANJ6] is a single ended analog input pin. DAN3+ is the positive terminal input of the differential analog
input DAN3.

3.3.9.8 AN[7]_DAN3- — Analog Input / Differential Analog Input Negative
Terminal

AN][7] is a single ended analog input pin. DAN3- is the negative terminal input of the differential analog
input DAN3.

3.3.9.9 AN[9]_ANX — Analog Input / External Multiplexed Analog Input

AN][9] is a single ended analog input pin. ANX is a single ended analog input to one of the on-chip ADCs
in external multiplexed mode.

3.3.9.10 AN[11]_ANZ — Analog Input / External Multiplexed Analog Input

AN][11] is a single ended analog input pin. ANZ is a single ended analog input to one of the on-chip ADCs
in external multiplexed mode.

3.3.9.11  AN[12]_MA[0]_eTPU_A[19]_SDS — Analog Input / MUX Address /
eTPU_A Channel / Serial Data Strobe

AN[12] MAJ[0] eTPU A[19] SDS is a single ended analog input pin. The alternate function is a MUX
address pin. The second alternate function is eTPU_A[19] channel output pin. The third alternate function
is the serial data strobe for the eQADC SSI.

3.3.9.12 AN[13]_MA[1]_eTPU_A[21]_SDO — Analog Input / MUX Address
/eTPU_A Channel/Serial Data Output

AN[13] MAJ[1] eTPU_A[21] SDO is a single ended analog input pin. The alternate function is a MUX
address pin. The second alternate function is eTPU_A[21] channel input/output pin. The third alternate
function is the serial data output for the eQADC SSI.

3.3.9.13 AN[14]_MA[2]_eTPU_A[27]_SDI— Analog Input / MUX Address /eTPU
Channel (Output Only) / Serial Data Input

AN[14] MAJ[2] eTPU_A[27] SDI is a single ended analog input pin. The alternate function is a MUX
address pin. The second alternate function is eTPU[27] channel output pin. The third alternate function is
the serial data input for the eQADC SSI.
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3.3.9.14 AN[15]_FCK_eTPU_A[29] — Analog Input / Free Running Clock / eTPU
Channel (Output Only)

ANJ[15] FCK eTPU_A[29] is a single ended analog input pin. The first alternate function is the free
running clock for the eQADC SSI. The second alternate function is the eTPU[29] channel output pin.

3.3.9.15 AN[16:18] — Analog Input
AN[16:18] are single ended analog input pins.

3.3.9.16 AN[21:25] — Analog Input
ANJ[21:25] are single ended analog input pins.

3.3.9.17 AN[27:28] — Analog Input
ANJ[27:28] are single ended analog input pins.

3.3.9.18 AN[30:37] — Analog Input
AN][30:37] are single ended analog input pins.

3.3.9.19 AN[38]_ANW_AN[8] — Analog Input / External Multiplexed Analog Input
/ Analog Input

ANJ[38] and ANJ[8] are single ended analog input pins. ANW is a single ended analog input to one of the
on-chip ADCs in external multiplexed mode.

3.3.9.20 AN[39]_ANY_AN[10] — Analog Input/ External Multiplexed Analog Input
/ Analog Input

AN[39] and AN[10] are single ended analog input pins. ANY is a single ended analog input to one of the
on-chip ADCs in external multiplexed mode.

3.3.9.21 VRH — Voltage Reference High
VRH is the voltage reference high input pin for the eQADC.

3.3.9.22 VRL — Voltage Reference Low
VRL is the voltage reference low input pin for the eQADC.

3.3.9.23 REFBYPC — Bypass Capacitor
REFBYPC is the bypass capacitor input pin for the eQADC.
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3.3.10 eTPU

3.3.10.1 eTPU_A[0]_eTPU_A[12]_eTPU_A[19]_GPIO[114] — eTPU_A Channel /
eTPU_A Channel (Output Only) / eTPU_A Channel (Output Only) / GPIO

eTPU_A[0] eTPU _A[12] eTPU A[19] GPIO[114]is input/output channel pin for the eTPU_A module.
The alternate function is the output channel pin for the eTPU A.

3.3.10.2 eTPU_A[1:4]_eTPU_A[13:16]_GPIO[115:118] — eTPU_A Channel /
eTPU_A Channel / GPIO

eTPU A[1:4] eTPU A[13:16] GPIO[115:118] are input/output channel pins for the eTPU_A module.
The alternate functions are the output channel pins for the eTPU_A.

3.3.10.3 eTPU_A[5] _eTPU_A[17]_DSPI_B_SCK_LVDS-_GPIO[119] — eTPU_A
Channel / eTPU_A Channel / DSPI_B_SCK_LVDS-/ GPIO

eTPU_A[5] eTPU A[17] DSPI B SCK LVDS- GPIO[119] is input/output channel pin for the
eTPU_A module. The alternate function is the output channel pin for the eTPU_A, LVDS- output for DSPI
B clock.

3.3.10.4 eTPU_A[6]_eTPU_A[18]_DSPI_B_SCK_LVDS+_GPIO[120] — eTPU_A
Channel / eTPU_A Channel / DSPI_B_SCK_LVDS+/GPIO

eTPU_A[6] eTPU A[18] DSPI B SCK LVDS+ GPIO[120] is input/output channel pin for the
eTPU A module. The alternate function is the output channel pin for the eTPU A, LVDS+ output for
DSPI B clock.

3.3.10.5 eTPU_A[7]_eTPU_A[19]_DSPI_B_SOUT_LVDS- eTPU_A[6]_GPIO[121]
—eTPU_A Channel/eTPU_A Channel /DSPI_B_SOUT_LVDS-/eTPU_A
Channel /GPIO

eTPU A[7] eTPU A[19] DSPI B SOUT LVDS- eTPU A[6] GPIO[121]is input/output channel pin
for the eTPU_A module. The alternate function is the output channel pin for the eTPU A, LVDS- output
for DSPI B chip select.

3.3.10.6 eTPU_A[8] _eTPU_A[20]_DSPI_B_SOUT_LVDS+_GPIO[122] — eTPU_A
Channel / eTPU_A Channel / DSPI_B_SOUT LVDS+ / GPIO

eTPU_A[8] eTPU_A[20] DSPI B SOUT _LVDS+ GPIO[122] is input/output channel pin for the
eTPU_A module. The alternate function is the output channel pin for the eTPU A, LVDS+ output for
DSPI B chip select.
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3.3.10.7 eTPU_A[9:11]_eTPU_A[21:23]_GPIO[123:125] — eTPU_A Channel /
GPIO

eTPU _A[9:11] eTPU_A[21:23] GPIO[123:125] are input/output channel pins for the eTPU A module.
The alternate functions are the output channel pins for the eTPU_A.

3.3.10.8 eTPU_A[12]_DSPI_B_PCS[1]_GPIO[126] — eTPU_A Channel / DSPI_B
Chip Select /GPIO

eTPU _A[12] DSPI B PCS[1]_GPIO[126] is an input/output channel pin for the eTPU A module. The
alternate function is a peripheral chip select for the DSPI B module.

3.3.10.9 eTPU_A[13]_DSPI_B_PCS[3]_GPIO[127] — eTPU_A Channel / DSPI_B
Chip Select /GPIO

eTPU_A[13] DSPI B PCS[3] GPIO[127] is an input/output channel pin for the eTPU_A module. The
alternate function is a peripheral chip select for the DSPI B module.

3.3.10.10 eTPU_A[14]_DSPI_B_PCS[4]_eTPU_A[9] _GPIO[128] — eTPU_A
Channel / DSPI_B Chip Select / eTPU_A Channel / GPIO

eTPU A[14] DSPI B PCS[4] eTPU_A[9] GPIO[128] is an input/output channel pin for the eTPU_ A
module. The alternate function is a peripheral chip select for the DSPI B module, output channel pin for
the eTPU_A.

3.3.10.11 eTPU_A[15]_DSPI_B_PCS[5]_GPIO[129] — eTPU_A Channel / DSPI_B
Chip Select /GPIO

eTPU_A[15] DSPI B PCS[5] GPIO[129] is an input/output channel pin for the eTPU_A module. The
alternate function is a peripheral chip select for the DSPI B module.

3.3.10.12 eTPU_A[16]_GPIO[130] — eTPU_A Channel / GPIO
eTPU_A[16] GPIO[130] is an input/output channel pin for the eTPU A module.

3.3.10.13 eTPU_A[17]_GPIO[131] — eTPU_A Channel / GPIO
eTPU_A[17] GPIO[131] is an input/output channel pin for the eTPU_A module.

3.3.10.14 eTPU_A[18]_GPIO[132] — eTPU_A Channel / GPIO
eTPU_A[18] GPIO[132] is an input/output channel pin for the eTPU A module.

3.3.10.15 eTPU_A[19]_GPIO[133] — eTPU_A Channel / GPIO
eTPU_A[19] GPIO[133] is an input/output channel pin for the eTPU_A module.

MPC5634M Microcontroller Reference Manual, Rev. 6

106 Freescale Semiconductor



3.3.10.16 eTPU_A[20:21] IRQ[8:9]_GPIO[134:135] — eTPU_A Channel / External
Interrupt / GPIO

eTPU_A[20:21] IRQ[8:9]_GPIO[134:135] are input/output channel pins for the eTPU_A module. The
alternate functions are external interrupt request inputs for the STU module.

3.3.10.17 eTPU_A[22] IRQ[10]_eTPU_A[17]_GPIO[136] — eTPU_A Channel /
External Interrupt / eTPU_A Channel / GPIO

eTPU A[22] TRQ[10] eTPU A[17] GPIO[136] is input/output channel pin for the eTPU A module.
The alternate function is external interrupt request inputs for the SIU module, output channel pin for the
eTPU_A[22].

3.3.10.18 eTPU_A[23] IRQ[11]_eTPU_A[21]_GPIO[137] — eTPU_A Channel /
External Interrupt / eTPU_A Channel / GPIO

eTPU_A[23] IRQ[11] eTPU_A[21] GPIO[137] is input/output channel pin for the eTPU_A module.
The alternate function is external interrupt request inputs for the SIU module, output channel pin for the
eTPU_A[21].

3.3.10.19 eTPU_A[24] IRQ[12] DSPI_C_SCK_LVDS-_GPIO[138] — eTPU_A
Channel (Output Only) / External Interrupt / eTPU_A Channel /
DSPI_C_SCK_LVDS-/ GPIO

eTPU_A[24] IRQ[12] DSPI C SCK_ LVDS- GPIO[138] is input/output channel pin for the eTPU_ A
module. The alternate function is external interrupt request inputs for the SIU module, LVDS- output for
DSPI C clock.

3.3.10.20 eTPU_A[25]_IRQ[13]_DSPI_C_SCK_LVDS+_GPIO[139] — eTPU_A
Channel (Output Only) / External Interrupt / eTPU_A Channel /
DSPI_C_SCK_LVDS+/GPIO

eTPU_A[25] TRQ[13] DSPI C SCK LVDS+ GPIO[139] is input/output channel pin for the eTPU_ A
module. The alternate function is external interrupt request inputs for the SIU module, LVDS+ output for
DSPI C clock.

3.3.10.21 eTPU_A[26]_IRQ[14] DSPI_C_SOUT_LVDS-_GPIO[140] — eTPU_A
Channel (Output Only) / External Interrupt / eTPU_A Channel /
DSPI_C_SOUT_LVDS-/ GPIO

eTPU _A[26] IRQ[14] DSPI C SOUT LVDS- GPIO[139] is input/output channel pin for the e TPU_ A
module. The alternate function is external interrupt request input for the SIU module, LVDS- output for
DSPI C chip select.
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3.3.10.22 eTPU_A[27]_IRQ[15]_DSPI_C_SOUT_LVDS_DSPI_B_SOUT_GPIO[141]
— eTPU_A Channel (Output Only) / External Interrupt/ eTPU_A Channel
/ DSPI_C_SOUT_LVDS+/ GPIO

eTPU A[27] IRQ[15] DSPI C SOUT LVDS DSPI B SOUT GPIO[141] is input/output channel pin
for the eTPU A module. The alternate function is the external interrupt request input for the SIU module,
LVDS+ output for DSPI C chip select.

3.3.10.23 eTPU_A[28]_DSPI_C_PCS[1]_GPIO[142] — eTPU_A Channel / DSPI_C
Chip Select / GPIO

eTPU_A[28] DSPI C PCS[1] _GPIOJ[142] is an input/output channel pin for the eTPU_A module. The
alternate function is a peripheral chip select for the DSPI C module.

3.3.10.24 eTPU_A[29]_DSPI_C_PCS[2]_GPIO[143] — eTPU_A Channel / DSPI_C
Chip Select / GPIO

eTPU_A[29] DSPI C PCS[2] GPIO[143] is an input/output channel pin for the eTPU_A module. The
alternate function is a peripheral chip select for the DSPI C module.

3.3.10.25 eTPU_A[30]_DSPI_C_PCS[3]_eTPU_A[11]_GPIO[144] — eTPU_A
Channel / DSPI_C Chip Select / eTPU_A Channel (Output Only) / GPIO

eTPU _A[30] DSPI C PCS[3] eTPU A[11] GPIO[144] is an input/output channel pin for the eTPU_ A
module. The alternate function is a peripheral chip select for the DSPI C module, output channel pin for
the eTPU_A[11].

3.3.10.26 eTPU_A[31]_DSPI_C_PCS[4]_eTPU_A[13]_GPIO[145] — eTPU_A
Channel / DSPI_C Chip Select / eTPU_A Channel (Output Only) / GPIO

eTPU_A[31] DSPI C PCS[4] GPIOJ[145] is an input/output channel pin for the eTPU_A module. The
alternate function is a peripheral chip select for the DSPI C module, output channel pin for the
eTPU_A[13].

3.3.11 eMIOS

3.3.11.1 eMIOS[0]_eTPU_A[0]_eTPU_A[25]_GPIO[179] — eMIOS Channel / eTPU
Channel (Output Only) /eTPU Channel (Output Only)/ GPIO

eMIOS[0] eTPU_A[0] eTPU_A[25] GPIO[179] is an eMIOS channel input and output pin. Alternate
functions are eTPU[0,25] channels output pins.
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3.3.11.2 eMIOS[1]_eTPU_A[1]_GPIO[180] — eMIOS Channel / eTPU Channel /
GPIO

eMIOS[1] eTPU_A[1] GPIO[180] is an eMIOS channel input and output pin. Alternate function is an
eTPU[ 1] channel output pin.

3.3.11.3 eMIOS[2]_eTPU_A[2]_GPIO[181] — eMIOS Channel / eTPU Channel /
GPIO

eMIOS[2] eTPU_A[2] GPIO[181] is an eMIOS channel input and output pin. Alternate function is an
eTPU[2] channel output pin.

3.3.11.4 eMIOS[4]_eTPU_A[4]_GPIO[183] — eMIOS Channel / eTPU Channel /
GPIO

eMIOS[4] eTPU_A[4] GPIO[183] is an eMIOS channel input and output pin. Alternate function is an

e¢TPU[4] channel output pin.

3.3.11.5 eMIOS[8]_eTPU_A[8]_SCI_B_TX_GPIO[187] — eMIOS Channel / eTPU
Channel / eSCI Transmit / GPIO

eMIOS[8] eTPU A[8] SCI B TX GPIO[187] is an eMIOS channel input and output pin. Primary

alternate function is the eTPU[8] channels output pins, second alternate is the eSCI transmit channel.

3.3.11.6 eMIOS[9]_eTPU_A[9]_SCI_B_RX_GPIO[188] — eMIOS Channel / eTPU
Channel / eSCI Receive / GPIO

eMIOS[8] eTPU A[9] SCI B RX GPIO[188] is an eMIOS channel input and output pin. Primary

alternate function is the eTPU[9] channels output pin, second alternate is the eSCI receive channel.

3.3.11.7 eMIOS[10]_GPIO[189] — eMIOS Channel / GPIO

eMIOS[10]_GPIO[189] are eMIOS[10] channel input and output pin.

3.3.11.8 eMIOS[11]_GPIO[190] — eMIOS Channel / GPIO
eMIOS[11]_GPIO[190] are eMIOS[11] channel input and output pins.

3.3.11.9 eMIOS[12]_DSPI_C_SOUT_eTPU_A[27]_GPIO[191] — eMIOS Channel /
DSPI C Data Output / eTPU_A Channel (Output Only) / GPIO

eMIOS[12] DSPI C SOUT eTPU_A[[27]_GPIO[191] is eMIOS[12] channel output pin. The alternate

functions are the data output for the DSPI C module, eTPU[27] channel output pin and GPIO[191].

3.3.11.10 eMIOS[13]_GPIO[191] — eMIOS Channel (Input/Output) / GPIO

eMIOS[13] GPIO[191] is the eMIOS[13] channel input/output pin. The alternate function is not defined.
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3.3.11.11 eMIOS[14]_IRQ[0]_eTPU_A[29] GPIO[193] — eMIOS Channel
(Input/Output) / External Interrupt / eTPU_A Channel (Output Only) /
GPIO

eMIOS[14] TRQ[0] eTPU_A[29] GPIO[193] is an eMIOS[14] channel input/output pin. The alternate
function is external interrupt request input for the SIU module, output channel pin for the eTPU A[29] and
GPIO[193].

3.3.11.12 eMIOS[15]_IRQ[1]_GPIO[194] — eMIOS Channel (Input/Output) /
External Interrupt / eTPU_A Channel (Output Only) / GPIO

eMIOS[15] IRQ[1]_GPIO[194] is the eMIOS[15] channel input/output pin. The alternate function is
external interrupt request input for the SIU module.

3.3.11.13 eMIOS[23]_GPIO[202] — eMIOS Channel
eMIOS[23] GPIO[202] is an eMIOS[23] channel input and output pin.

3.3.12 Clock Synthesizer

3.3.12.1  XTAL — Crystal Oscillator Output
XTAL is the output pin for an external crystal oscillator.

3.3.12.2 EXTAL_EXTCLK — Crystal Oscillator/External Clock Input

EXTAL is the input pin for an external crystal oscillator or an external clock source. The alternate function
is the external clock input. The function of this pin is determined by the state of the PLLREF pin during
reset.

3.3.12.3 CLKOUT — System Clock Output
CLKOUT is the MPC5634M clock output for the calibration external bus interface.

3.3.13 Power/ Ground

3.3.13.1  VDDREG — Voltage Regulator Supply
VDDREG is the 5 V voltage regulator supply.

3.3.13.2 VDDPLL - PLL Supply Voltage Input
VDDPLL is the 1.2 V power supply input pin for the FMPLL.

3.3.13.3 VSSPLL - PLL GROUND
VSSPLL is the Ground reference for the FMPLL.
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3.3.13.4 VSTBY — Standby RAM Power Supply Input

VSTBY is the supply input pin for standby RAM. It has two ranges:
* Unregulated mode: 0.95-1.2 V
* Regulated mode: 2.0-5.5 V

3.3.13.5 VRC33 — Voltage Regulator Control Bypass Capacitor
VRC33 is the input pin for the bypass capacitor of the 3.3 V voltage regulator.

3.3.13.6 VRCCTL — Voltage Regulator Control Output
VRCCTL is the output pin for the on-chip 1.2 V regulator control circuit.

3.3.13.7 VDDAO/1 — Voltage Reference High
VDDAUO/1 are the analog supply input pins for the eQADC.

3.3.13.8 VSSA0/1 — Ground Reference
VSSAO/1 are the analog ground reference input pins for the eQADC.

3.3.13.9 VDDREG — Voltage Regulator Supply
VDDREG is the 5 V voltage regulator supply.

3.3.13.10 VDD — Internal Logic Supply Input
VDD is the 1.2 V logic supply input.

3.3.13.11 VDDEH1a/b — I/O Supply Input
VDDEHI1a/b are the 3.3 V to 5.0 V +/- 5% supply input pins to the I/O segment 1.

3.3.13.12 VDDES5 — /O Supply Input

VDDES is the 1.8 V to 3.3 V +/- 5% 1/O supply input pin to the I/O segment 5. It is only used on the
208-pin package.

3.3.13.13 VDDEH6a/b — 1/O Supply Input
VDDEHS6a/b are the 3.3 V to 5.0 V +/- 5% supply input pins to the I/O segment 6.

3.3.13.14 VDDEH7 — /O Supply Input

VDDEH?7 is the 3.3 V to 5.0 V +/- 5% supply input pin to the I/O segment 7. It is only used on the 144-
and 496-pin packages.
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3.3.13.15 VDDE7 — /O Supply Input

VDDE?7 is the 1.8 V to 3.3 V +/- 5% 1/O supply input pin to the I/O segment 7. It is only used on the
208-pin package. Segment 7 on the 208-pin package is equivalent to segment 12 in the 496-pin package.

3.3.13.16 VDDE12a/b/c/d/e — 1/O Supply Input

VDDEI2 is the 1.8V to 3.3 V +/- 5% 1/O supply input pin to the I/O segment 12.

In the 176-pin package, VDDEI12 is the 3.3 V +/-5% I/O supply input pin to the alternate Nexus pins.

In the calibration package, VDDEI12 is the 3.3 V +/-5% 1/O supply input pin to the I/O segment 12.

3.3.13.17 VSS — Ground

VSS is the ground reference input pin.

3.4

I/0 Power/Ground Segmentation

Table 10 gives the power/ground segmentation of the MPC563x MCU. Each segment provides the power
and ground for the given set of I/O pins, and can be powered by any of the allowed voltages regardless of
the power on the other segments.

Table 10. MPC563x Power/Ground Segmentation

144-LQFP

176-LQFP

208-BGA

Power - - - Voltage 1/0 Pins Powered
Segment Pin Pin Pin Range' by Segment
9 Number Number Number 9 v Seg
VDDAO 6 6 B11 5.0V AN[0:7], AN[9], AN[11],
AN[16:18], AN[21:25],
AN[27:28], AN[30:37],
AN38, AN39, VRL,
REFBYPC,
VRH
VDDE5 — — T13 1.8V - CLKOUT
3.3V
VDDEH1 24, 34 31, 41 K4 33V- PCKCFGI[2],
(a,b) 5.0V eTPU_A[0:31],
eMIOS[0:2]
VDDEH6 78,93 95,110 F13 3.3V- RESET, RSTOUT,
(a,b) 5.0V | WKPCFG, BOOTCFG1,

PLLREF, SCK_B,
PCKCFGIO],
CAN_A_TX, CAN_A_RX,
CAN_C_TX, CAN_C_RX,
SCI_A_TX, SCI_A_RX,
SCI_B_TX, SCI_B_RX,
SCK_B, SIN_B, SOUT_B,
DSPI_B_PCS_B[0:5],
eMIOS[4],
eMIOS[8:15], eMIOS[23],
XTAL, EXTAL

MPC5634M Microcontroller Reference Manual, Rev. 6

112

Freescale Semiconductor




Table 10. MPC563x Power/Ground Segmentation (continued)

Power
Segment

VDDEH72

144-LQFP
Pin
Number

176-LQFP
Pin
Number

208-BGA
Pin
Number

Voltage
Range'

1/0 Pins Powered
by Segment

102, 113

125, 138

D12

33V-
50V

PCKCFG[1],
MDO[0:3], EVTI, EVTO,
MCKO, MSEOQJ[0:1], TDO,
TDI, TMS, TCK, JCOMP,
AN[12:15]
(GPI10[98:99],
GPI0[206:207])

VDDE123
VDDE7?

16, 119

E13, P6

1.8V -
3.3V

CAL_ADDRJ[12:30],
CAL_DATA[0:15],
CAL_CS|0], CAL_CS[2:3],
CAL_RD_WR,
CAL_WE[0:1], CAL_OE,
CAL_TS, ALT_MCKO,

ALT_EVTO, NEXUSCFG

NOTES:

These are nominal voltages. All VDDE and VDDEH voltages are -5%, +10% (VDDE 1.62 V0 3.6 V,
VDDEH 3.0 Vto 5.5 V). VDDA is +5%, —10%.

2 The VDDEH7 segment may be powered from 3.0 V to 5.0 V for mux address or SS| functions, but must

meet the VDDA specifications of 4.5 V to 5.25 V for analog input function.

3 In the calibration package this signal is named VDDE12; it is named VDDE? in all other packages.
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3.5

3.5.1

DSPI Connections to eTPU_A, eMIOS and SIU

DSPI_B Connectivity

DSPI_B connections are illustrated in Figure 7. The full list of connections is given in Table 11.

eMIOS DSPIB
CH [8:11] » IN [3:0] SIU/IMUX
CH [0:6] > IN [10:4] ST N
CH [23] >IN [11] . . > IN1 IRQ[O]
CH [12:15] > [N [15:12] * ' .
CH [8:15] > IN [24:17]
CH [0:6] > N [31:25] eTPU_A
OouT 8 » CH 29
eTPU_A . . .
CH [16:23] IN [7:0] OUT 13 » CH 24
CH [24:29] ——————— IN[13:8]
CH [30:31] IN [15:14] eMIOS
_ OuT 14 »| CH 13
CH [15:12] IN [19:16] OUT 15 » CH 12
CH[11:0] |—— & IN[31:20]
Figure 7. DSPI_B Connectivity
Table 11. DSPI_B I/O Mapping
DSPI_B
e eTPU_A eMIOS o
Sle rialized Channel Output eTPU_A Channel Output GPIO Output Deserl_a Ilz?tlon
nputs / . . Channel Input . Destination
Outputs (Primary Function (Alternate Function)
p
31 11 — 0 381 —
30 10 — 1 380 —
29 9 — 2 379 —
28 8 — 3 378 —
27 7 — 4 377 —
26 6 — 5 376 —
25 5 — 6 375 —
24 4 — 8 374 —
23 3 — 9 373 —
22 2 — 10 372 —
21 1 — 11 371 —
20 0 — 12 370 —
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Table 11. DSPI_B 1/0 Mapping (continued)

DSPI_B
L eTPU_A eMIOS o
Serialized Channel Output eTPU_A Channel Output GPIO Output Deserl_a Ilz?tlon
Inputs / - . Channel Input - Destination
Outputs (Primary Function (Alternate Function)
19 15 — 13 369 —
18 14 — 14 368 —
17 13 — 15 367 —
16 12 — 23 366 —
15 30 — 12 365 EMIOS_12
IRQ_15 (mux)
14 31 — 13 364 EMIOS_13
IRQ_14 (mux)
13 24 24 14 363 ETPU_A_24
IRQ_13 (mux)
12 25 25 15 362 ETPU_A_25
IRQ_12 (mux)
11 26 26 23 361 ETPU_A_26
IRQ_11 (mux)
10 27 27 0 360 ETPU_A_27
IRQ_10 (mux)
9 28 28 1 359 ETPU_A_28
IRQ_9 (mux)
8 29 29 2 358 ETPU_A_29
IRQ_8 (mux)
7 16 — 3 357 IRQ7 (mux)
6 17 — 4 356 IRQ6 (mux)
5 18 — 5 355 IRQ5 (mux)
4 19 — 6 354 IRQ4 (mux)
3 20 — 8 353 IRQ3 (mux)
2 21 — 9 352 IRQ2 (mux)
1 22 — 10 351 IRQ1 (mux)
0 23 — 11 350 IRQO (mux)

3.5.2

DSPI_C Connectivity

DSPI B connections are illustrated in Figure 8. The full list of connections is given in Table 12.
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DSPI_C

eMIOS

CH [15:12] > IN [3:0]

CH [23] >IN [4] SIU/IMUX

C: [6:0] > IN[11:5] OuT 0 > IN2 IRQ[15]

CH [11:8] >IN [15:12] OUT 1 > IN2 IRQ[0]

CH [6:0] >IN [22:16] . . .

CH [15:8] > IN [30:23] ’ :

OUT 15 > IN2 IRQ[14

CH [23] >IN [31] IR
eTPU_A

CH [15:12] IN [3:0]

CH[11:0] |——— > IN[15:4]

CH [16:23] > IN [23:16]

CH [24:29] IN [29:24]

CH[30:31] — 5 IN[31:30]

Figure 8. DSPI_C Connectivity

Table 12. DSPI_C I/O Mapping

DSPI_C eTPU_A eMIoS Deserialization
Serializea Input C_hannel Outp-ut Channel Outpl..lt GPIO Output Destination
(Primary Function) | (Alternate Function)
31 30 23 413 —
30 31 15 412 —
29 24 14 411 —
28 25 13 410 —
27 26 12 409 —
26 27 11 408 —
25 28 10 407 —
24 29 9 406 —
23 16 8 405 —
22 17 6 404 —
21 18 5 403 —
20 19 4 402 —
19 20 3 401 —
18 21 2 400 —
17 22 1 399 —
16 23 0 398 —
15 11 11 397 IRQ14 (mux)
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Table 12. DSPI_C 1/0 Mapping (continued)

DSPI_C eTPU_A eMIOS Deserialization
Serialized Input C_hannel Outp'ut Channel Outpyt GPIO Output Destination
(Primary Function) | (Alternate Function)
14 10 10 396 IRQ13 (mux)
13 9 9 395 IRQ12 (mux)
12 8 8 394 IRQ11 (mux)
11 7 6 393 IRQ10 (mux)
10 6 5 392 IRQ9 (Mmux)
9 5 4 391 IRQ8 (mux)
8 4 3 390 IRQ7 (mux)
7 3 2 389 IRQ6 (mux)
6 2 1 388 IRQ5 (mux)
5 1 0 387 IRQ4 (mux)
4 0 23 386 IRQ3 (Mux)
3 15 15 385 IRQ2 (mux)
2 14 14 384 IRQ1 (mux)
1 13 13 383 IRQO (mux)
0 12 12 382 IRQ15 (mux)
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Chapter 4
Resets

4.1 Reset sources

This device supports the following reset sources:

* Power-on Reset (POR)

» External Reset (ER)

* Loss of Lock Reset (LLR)

* Loss of Clock Reset (LCR)

»  Watchdog Timer/Debug Reset (WTDR)

* JTAG Reset

» Checkstop Reset (CR)

» Software System Reset (SSR)

» Software External Reset (SER)
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
configuration of the PLL (refer to Section 4.3.2, “RSTOUT), and does not reset the device.

For all reset sources, the device FMPLL is configured according to the value on the PLLREEF pin at the
negation of the RSTOUT pin. In addition, the FMPLL defaults to bypass mode, with the system clock
being supplied directly by the clock reference dictated by the PLLREF pin.

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 pin is defined in Chapter 15, “System Integration Unit (SIU). The BAM
program reads the value of the BOOTCFG pin from the BOOTCFG field of the SIU_RSR, 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 4
clock cycles prior to the negation of RSTOUT.
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4.2 Reset vector

The reset vector for this device is OxXFFFF_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 pin. See Section 20.5, “Functional description for details
on the BAM program operation and branch location to application software.

4.3 Reset pins

4.3.1 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 2 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.

4.3.2 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 13, plus 4 cycles for sampling of the configuration pins.

The RSTOUT pin can also be asserted by a write to the SER bit of the System Reset Control Register
(SIU_SRCR). Asserting SER, the RSTOUT duration will follow the value specified in Table 13.

Table 13. 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
CR Checkstop Reset 4400 18000
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
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4.4 Clock quality monitor gating signal

When this device is operating with the crystal oscillator as clock reference, the Clock Quality Monitor
module is responsible for keeping reset asserted until the crystal clock is perceived to be of good quality.
The time it takes for the crystal oscillator to stabilize is in addition to those indicated in Table 13.

4.5 Reset source descriptions

For the following reset source descriptions refer to the reset flow diagrams in Figure 9 and Figure 10.
Figure 9 shows the reset flow for assertion of the RESET pin. Figure 10 shows the internal processing of

reset for all reset sources.

RESET
Asserted?

Wait 2
Clock Cycles

RESET
Asserted?

Set Latch,

Wait 8 Clock
Cycles

RESET

Asserted? Set RGF Bit

To entry point in
internal reset flow

Figure 9. External reset flow diagram
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Figure 10. Internal reset flow diagram
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4.5.1 Power-on reset

The internal power-on reset signal is asserted when either the supply voltages, nominally 3.3 Vor 1.2 V
or the 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 PLLREEF 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 pins are sampled 4 clock cycles before the negation of
RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In addition, the PORS and ERS bits
are set, and all other reset status bits are cleared in the Reset Status Register.

4.5.2 External reset

When the reset controller detects assertion of the RESET pin, 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 RESET pin is negated, the reset controller waits for a
predetermined number of clock cycles (refer to Section 4.3.2, “RSTOUT). When the clock count finishes,
the WKPCFG and BOOTCFG pins are sampled. The reset controller then waits 4 clock cycles before
negating RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In addition, the ERS bit is
set, and all other reset status bits in the SIU_RSR are cleared.

4.5.3 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 BOOTCFG pins are sampled. The reset
controller then waits 4 clock cycles before negating RSTOUT, and the associated bits/fields are updated
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in the SIU_RSR. In addition, the LLRS bit 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.

454 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 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 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 BOOTCFG
pins are sampled. The reset controller then waits 4 clock cycles before negating RSTOUT, and the
associated bits/fields are updated in the SIU_RSR. In addition, the LCRS bit 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 generates either a system reset or an interrupt signal, refer to
Section 16.5.4, “Loss-of-clock detection for details.

4.5.5 Watchdog timer/debug reset

A Watchdog Timer Reset occurs when the €200z335 core Watchdog Timer is enabled, and a timeout 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. The WDRS bit in the SIU_RSR is also set when a debug reset command is issued
from a debug tool. To determine whether the WDRS bit was set due to a Watchdog Timer or Debug Reset,
see the WRS field in the 2002335 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. After the Watchdog Timer/Debug 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 BOOTCFG pins are sampled. The reset controller then waits 4
clock cycles before negating RSTOUT, and the associated bits/fields are updated in the SIU_RSR. In
addition, the WTRS bit is set, and all other reset status bits in the SIU_RSR are cleared. Refer to the
e200z335 Core Reference Manual for more information on the Watchdog Timer and debug operation.

NOTE

In addition to the 2002335 watchdog timer, this device implements a
system software watchdog timer (see Chapter 19, “Software Watchdog
Timer (SWT)).

4.5.6 Software watchdog timer reset

A Software Watchdog Timer Reset occurs when the watchdog timer in the SWT module is enabled and
programmed to generate a reset. The effect of a Software Watchdog Timer Reset request is the same for
the reset controller. The internal reset signal and RSTOUT pin are asserted. The value on the WKPCFG
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pin is applied at the assertion of the internal reset signal (assertion of RSTOUT), as is the PLLREF value.
Once the Software Watchdog Timer reset request is negated, the reset controller waits for a predetermined
number of clock cycles (refer to Section 4.3.2, “RSTOUT). When the clock count finishes the WKPCFG
and BOOTCFG pins are sampled. The reset controller then waits 4 clock cycles before negating RSTOUT,
and the associated bits/fields are updated in the SIU_RSR. In addition, the SWTRS bit is set, and all other
reset status bits in the SIU_RSR are cleared.

4.5.7 Checkstop reset

When the €200z335 core enters a checkstop state, and the Checkstop Reset is enabled (the CRE bit in the
System Reset Control Register (SIU_SRCR) is set), a Checkstop Reset occurs. 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. After the checkstop state 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 BOOTCFG pins are sampled. The reset controller then
waits 4 clock cycles before negating RSTOUT, and the associated bits/fields are updated in the SIU_RSR.
In addition, the CRS bit is set, and all other reset status bits in the SIU_RSR are cleared. Refer to the
e200z335 Core Reference Manual for more information.

4.5.8 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 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 BOOTCFG 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 30, “JTAG Controller
(JTAGC) for more information.

4.5.9 Software system reset

A Software System Reset is caused by a write to the SSR bit in the System Reset Control Register
(SIU_SRCR); see Section 15.8.4, “System Reset Control Register (SIU_SRCR). A write of one to the SSR
bit 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. The SSR bit 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 pins are sampled. The reset controller then waits 4 clock cycles before negating RSTOUT,
and the associated bits/fields are updated in the SIU_RSR. In addition, the SSRS bit is set, and all other
reset status bits in the SIU_RSR are cleared.
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4.5.10 Software external reset

A write of one to the SER bit in the SIU SRCR causes the external RSTOUT pin to be asserted for a
predetermined number of clock cycles (refer to Section 4.3.2, “RSTOUT). The SER bit 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. The SERF
bit in the SIU_RSR is set, but no other status bits are affected. The SERF bit in the SIU_RSR 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 €200z335 core will continue to execute instructions, timers that are
enabled will continue to operate, and interrupt requests will continue to be processed. It is the
responsibility of the application to ensure devices connected to RSTOUT are not accessed during a
Software External Reset, and to determine how to manage MCU resources when using the Software
External Reset.

4.6 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.

4.7 Reset configuration

4.7.1 Reset configuration half word (RCHW)

4711 RCHW overview

The Reset Configuration Half Word (RCHW) is a collection of control bits from various internal registers
that specifies a minimal MCU configuration after reset. The RCHW also contains bits that control the
BAM program flow.

The RCHW is read from internal memory. If a valid RCHW is not found, a CAN/eSCI boot is initiated.
The BAM program writes the configuration control bits to the appropriate registers and uses the remaining
bits for flow control of its program. Refer to the appropriate register given by the RCHW bit descriptions
for a detailed description of each control bit.

The RCHW is read and applied each time the BAM program executes, which is for every power-on,
external, or internal reset event. The only exception to this is the Software External Reset. The RCHW is
read from the following location:

* Address 0x0000 0000 of internal flash memory device

At the negation of the RSTOUT pin, the BOOTCFG field in the SIU RSR is updated. If BOOTCFG is
negated at the negation of the RSTOUT pin, then the BAM program reads the RCHW from the lowest
address of the internal flash memory. This address is 0x0000 0000.
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If the RCHW stored in the internal flash is not valid (Boot Identifier field of RCHW is not 0x5A), or if
BOOTCEFG is asserted at the negation of the RSTOUT pin, then the RCHW is not applicable, and the serial

boot mode is performed. Table 14 summarizes the Reset Configuration Half Word location options.

Table 14. Reset configuration half word sources

1

BOOTCFG Bﬁc;’; l(%eg::llve)r Boot mode Configuration word source
0 Valid Internal The lowest address of one of the six low addresses space
(LAS) in internal flash memory.
Invalid Serial Not applicable
1 — Serial Not applicable
NOTES:

T Several locations within the Low Address Space memory are used to search for a valid RCHW. Refer to
Section 20.5.3, “Reset Configuration Half Word (RCHW).

4.71.2 RCHW structure
The structure of the RCHW is shown in Figure 11.
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 5'b0 SWT |WTE | 1’b0" | VLE BOOTID
w
RESET2:
= Unimplemented or Reserved
NOTES:

1 PS0 - Port Size. Reserved, should be set to zero for future compatibility.
2 The RCHW is in user programmed non-volatile memory. Therefore, it has no reset value.

Figure 11. Reset Configuration Half Word (RCHW)

Table 15. Reset Configuration Half Word (RCHW) field descriptions

1

Field Description

SWT | Software Watchdog Timer Enable
This bit defines whether the BAM program enables the Software Watchdog Timer.
1 Software Watchdog Timer enabled
0 Software Watchdog Timer disabled (Freescale MPC55xx compatible)

WTE | Watchdog Timer Enable

This bit defines whether the BAM program enables the e200z335 Watchdog Timer. See Chapter 20,
“Boot Assist Module (BAM) for details on the Watchdog Timer configuration.

BAM program writes the e200z335 timebase registers (TBU and TBL) to 0x0000_0000_0000_0000
and enables the e200z335 core Watchdog Timer with a timeout period of 3 x 217 system clock
cycles. (Example: For 8 MHz crystal -> 12 MHz system clock -> 32.7 ms timeout. For 20 MHz
crystal -> 30 MHz system clock -> 13.1 ms timeout)

BAM program does not write the e200z335 timebase registers (TBU and TBL) nor enable the
€200z335 core Watchdog Timer.
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Table 15. Reset Configuration Half Word (RCHW) field descriptions (continued)

Field Description

VLE VLE Indicator

This bit is used to configure the MMU for the boot block to execute as either Classic PowerPC Book E
code or as Freescale VLE code.

1 Boot code executes as Freescale VLE code

0 Boot code executes as Classic PowerPC Book E code

BOOTID |Boot Identifier

This field serves two functions. First, it is used to indicate which block in flash memory contains the
boot program. Second, it identifies whether the flash memory is programmed or invalid. The value of
a valid boot identifier is Ox5A. For an internal boot, the BAM program checks the second half word of
each flash memory block starting at block O until a valid boot identifier is found. If all blocks in the low
address space of the internal flash are checked an no valid boot identifier is found, then the internal
flash is assumed to be invalid and a CAN/eSCI boot is initiated.

4.7.2 Reset configuration timing

The timing diagram in Figure 12 shows the sampling of the BOOTCFG, WKPCFG, and PLLREF pin for
a power-on reset. The timing diagram is also valid for internal/external resets assuming that VDD and
VDD33 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 the WKPCFG and BOOTCFG pins are latched 4 clock cycles
before the negation of the RSTOUT pin and stored in the Reset Status Register.
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Figure 12. Reset Configuration Timing

4.7.3 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
WKPCEFG 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 WKPCFG is
latched 4 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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Chapter 5
Operating modes

5.1 Overview

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

5.2 Modes of operation

5.2.1 Normal Mode

Normal Mode is the functional mode of this device.

5.2.2 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 €200z335 core, eDMA and the
eTPU, and some of the peripheral modules. The Nexus debug and development features are described in
Chapter 31, “Nexus Port Controller (NPC).
The peripheral blocks that implement Debug Mode are:

« DSPIB,DSPIC

* FlexCAN A, FlexCAN C

+ eMIOS

« eQADC

» 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.

5.2.3 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.

5.2.3.1 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 16 lists the modules
that support Module Disable Mode. The register and bit in each module that must be written to enter or
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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.

5.2.3.2 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.

5.2.3.3 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.

5.3 Modes and clock architecture
5.3.1 Block diagrams

This section contains block diagrams that illustrate the FMPLL, the clock architecture and the various
FMPLL and clock configurations that are available.
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5.3.2 Clock architecture

This section describes the clocks and clock architecture on this MCU.

5.3.2.1 Overview

The system clocks are generated from one of the following FMPLL modes:
* Bypass with external reference (FMPLL on or off)
* Bypass with crystal reference (FMPLL on or off)
* Normal with external reference
* Normal mode with crystal reference

See Chapter 16, “Frequency-modulated phase-locked loop (FMPLL) for information on the different
clocking modes available.

Software controlled power management features are available to allow software to selectively gate the
clocks to the CPU and each of the peripherals.

The MCU has two clock output pins that are driven by programmable clock dividers. The clock dividers
divide the system clock down by even integer values. The two clock output pins are the following:

* CLKOUT — External address/data bus clock for the calibration interface; only available in the 208-
and 496-pin packages.

*+  MCKO — Nexus auxiliary port clock

The oscillator clock can be selected as the clock source for the CAN interface in the FlexCAN blocks,
resulting in very low jitter performance on the CAN bus.

5.3.2.2 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 implemented in some of the IP modules
(see Table 16), which allow software to disable the non-memory-mapped portions of the modules by
setting the module disable (MDIS) 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 17 illustrates
how the MDIS and halt bits affect the clocks to the modules.

1. For compatibility with previous MCUs of the MPC55xx family of chips, the default value of MDIS bit is ‘0’.
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Figure 17. MDIS and halt clock gating

5.3.2.2.1 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.

When the EBI module is disabled by MDIS, the CLKOUT clock is disabled. Furthermore, the EBI
automatically disables the CLKOUT clock when there are no transactions on the external (calibration) bus.

The flash 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 16, along with the registers and bits
that disable each module. The software controlled clocks are enabled when the CPU comes out of reset.

Table 16. MDIS support’

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

EBI EBI_MCR MDIS
eTPU ETPUECR_1 MDIS
FlexCAN A FLEXCAN_A_MCR MDIS
FlexCAN C FLEXCAN_C_MCR MDIS
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Table 16. MDIS support' (continued)

Block name Register name Bit name
eMIOS EMIOS_MCR MDIS
eSCI_A eSCI_A_SCICR3 MDIS
eSCI_B eSCI_B_SCICR3 MDIS
Decimation Filter DECFILTERMCR MDIS
NPC NPC_PCR MCKO_EN, MCKO_GT
Flash Array FLASH_MCR STOP

NOTES:
' By default the MDIS bit reset value is ‘0'.

5.3.2.2.2 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 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 17). The stop acknowledge signals are also captured in the SIU HLTACK
read-only register bits.

The halted modules recover when the SIU_HLT 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.

5.3.2.23 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
(indicated by the p_waiting signal).

The CPU recovers from the halted state when one of the following events happens:
* A valid pending interrupt is detected by the core
* A request to enter debug mode is made by setting the DR bit in the OnCE control register (OCR)1
» The processor is in a debug session

* A request to enable the CPU clock input has been made by setting the WKUP bit in the OnCE
control register

When one of these events is detected, the CPU asserts an asynchronous output signal (p_wakeup) 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 interrupt timer (PIT) interrupt, external pin interrupt or CAN
wake-up interrupt.

1.The OCR is described in the e200z0 Power Architecture Core Reference Manual.
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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 crossbar, peripheral bridge, DMA and flash 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.

5.3.2.3 Clock dividers
The MCU provides three clock dividers: one for the system clock, one for CLKOUT and one for MCKO.

5.3.2.3.1 System clock divider

The system clock divider is placed right at the output of the FMPLL 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 only be programmed to divide by 2, 4, 8, and 16 by setting the
SYSCLKDIV field in the SIU_SYSDIV register. To achieve an equivalent of a divide-by-1 is to set the
bypass bit. The reset value of the bypass bit is logic 1.

5.3.2.3.2 External calibration bus clock (CLKOUT)

The external 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 bit field in the SIU external clock control register
(SIU_ECCR). The reset value of the EBDF selects a CLKOUT frequency of one half of the system clock
frequency. The EBI 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 the external bus tap select (EBTS) bit in
the SIU_ECCR.

NOTE
The CLKOUT pin is available only in the 208- and 496-pin packages.

5.3.2.3.3 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 bit field in the port configuration register (PCR) in the Nexus port
controller (NPC). The reset value of the 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.

5.3.2.4 FlexCAN clock domains

The FlexCAN modules have two distinct software controlled software 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. The CLK SRC bit in the FlexCAN
CRTL register selects between the system clock and the 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 the MDIS bit in the FlexCAN MCR register or by writing to the SIU_HLT
register.
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Chapter 6
e200z335 Core

6.1 Introduction

This device includes the e200z335 processor core. The €200z processor family is a set of CPU cores that
implement low-cost versions of the Power Architecture. These processors are designed for deeply
embedded control applications which require low-cost solutions rather than maximum performance.

The €200z335 core is a single-issue, 32-bit Power Architecture compliant design with 32 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. All arithmetic instructions that execute in the
core operate on data in the GPRs.

A Signal Processing Extension (SPE) Auxiliary Processing Unit (APU) is provided to support real-time
fixed point and single precision, embedded numerics operations using the GPRs. All arithmetic
instructions that execute in the core operate on data in the 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 Power Architecture instruction set, the €200z335 core also implements the VLE
(Variable Length Encoding) APU, providing improved code density.

6.2 Features

The following is a list of some of the key features of the €200z335 core:
» 32-bit Power Architecture programmer’s model
+ Single issue, 32-bit Power Architecture compliant CPU
* Implements the VLE APU for reduced code footprint
* In-order execution and retirement
» Precise exception handling
* Branch processing unit
— Dedicated branch address calculation adder
— Branch acceleration using Branch Lookahead Instruction Buffer
— Memory Management Unit (MMU) with 8-entry fully-associative translation look-aside buffer
» Load/store unit
— 1 cycle load latency
— Fully pipelined
— Big and Little endian support
— Miisaligned access support
— Zero load-to-use pipeline bubbles
* Power management
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— Low power design

— Power saving modes: nap, sleep

— Dynamic power management of execution units
» Testability

— Synthesizeable, full Muxed scan design

— ABIST/MBIST for optional memory arrays

6.3 Location of detailed documentation

Detailed documentation of the €200z335 core is available as a separate document entitled “e200z3 Power
Architecture™ Core Reference Manual”. This document is located on the Freescale website at
http://www.freescale.com/files/32bit/doc/ref manual/e200z3RM.pdf?fsrch=1.
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Chapter 7
Direct Memory Access (DMA)

71 Information specific to this device

This section presents device-specific parameterization, customization, and feature availability information
not specifically referenced in the remainder of this chapter.

711 Device-specific features

* 32 programmable channels

» The SIU outputs to the eDMA are not connected. If the SIU_DIRSR register selects the eDMA
output, the effect will be to disable the interrupts.

» The following registers are not implemented:
— DMAERQH
— DMAEEIH
— DMAINTH
— DMAERRH
— DCHPRI32-DCHPRI63
— TCD32 - TCD63
* Channel groups 2 and 3 are not implemented.

7.1.2 Channel assignments

The assignments between the DMA requests from the blocks to the channels of the eDMA are shown in
Table 17. The Source column is written in C language syntax. The syntax is block instance.register[bit].

Table 17. DMA channel assignments

DMA request Channel Source Description
eQADC_FISRO_CFFFO 0 eQADC.eQADC_FISRO[CFFFO0] eQADC Command FIFO 0 Fill Flag
eQADC_FISRO_RFDF0 1 eQADC.eQADC_FISRO[RFDF0] | eQADC Receive FIFO 0 Drain Flag
eQADC_FISR1_CFFF1 2 eQADC.eQADC_FISR1[CFFF1] eQADC Command FIFO 1 Fill Flag
eQADC_FISR1_RFDF1 3 eQADC.eQADC_FISR1[RFDF1] | eQADC Receive FIFO 1 Drain Flag
eQADC_FISR2_CFFF2 4 eQADC.eQADC_FISR2[CFFF2] eQADC Command FIFO 2 Fill Flag
eQADC_FISR2_RFDF2 5 eQADC.eQADC_FISR2[RFDF2] | eQADC Receive FIFO 2 Drain Flag
eQADC_FISR3_CFFF3 6 eQADC.eQADC_FISR3[CFFF3] eQADC Command FIFO 3 Fill Flag
eQADC_FISR3_RFDF3 7 eQADC.eQADC_FISR3[RFDF3] | eQADC Receive FIFO 3 Drain Flag
eQADC_FISR4_CFFF4 8 eQADC.eQADC_FISR4[CFFF4] eQADC Command FIFO 4 Fill Flag
eQADC_FISR4_RFDF4 9 eQADC.eQADC_FISR4[RFDF4] | eQADC Receive FIFO 4 Drain Flag
eQADC_FISR5_CFFF5 10 eQADC.eQADC_FISR5[CFFF5] eQADC Command FIFO 5 Fill Flag
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Table 17. DMA channel assighments (continued)

DMA request Channel Source Description
eQADC_FISR5_RFDF5 11 eQADC.eQADC_FISR5[RFDF5] eQADC Receive FIFO 5 Drain Flag
DSPI_B_SR_TFFF 12 DSPI_B.DSPI_SRI[TFFF] DSPI_B Transmit FIFO Fill Flag
DSPI_B_SR_RFDF 13 DSPI_B.DSPI_SR[RFDF] DSPI_B Receive FIFO Drain Flag
DSPI_C_SR_TFFF 14 DSPI_C.DSPI_SR[TFFF] DSPI_C Transmit FIFO Fill Flag
DSPI_C_SR_RFDF 15 DSPI_C.DSPI_SR[RFDF] DSPI_C Receive FIFO Drain Flag
DECFIL_FILL_BUF 16 DECFIL_FILL_BUF Decimation Filter Fill Buffer
DECFIL_DRAIN_BUF 17 DECFIL_DRAIN_BUF Decimation Filter Drain Buffer

SCI_A_TDRE_TC_TXRDY 18 SCI_A.SCISR1[TDRE] Il
SCI_A.SCISR1[TC] |l SCI_A Transmit
SCI_A.LINSTAT1[TXRDY]
SCI_A._RDRF_RXRDY 19 SCI_A.SCISR1[RDRF] Il .
SCI_A.LINSTAT1[RXRDY] SCI_A Receive Data
EMIOSFLAG_FO 20 EMIOS.EMIOSFLAG[FO] eMIOS channel 0 Flag
EMIOSFLAG_F1 21 EMIOS.EMIOSFLAG[F1] eMIOS channel 1 Flag
EMIOSFLAG_F2 22 EMIOS.EMIOSFLAG[F2] eMIOS channel 2 Flag
EMIOSFLAG_F3 23 EMIOS.EMIOSFLAG[F3] eMIOS channel 3 Flag
EMIOSFLAG_F4 24 EMIOS.EMIOSFLAG[F4] eMIOS channel 4 Flag
EMIOSFLAG_F8 25 EMIOS.EMIOSFLAG[F8] eMIOS channel 8 Flag
EMIOSFLAG_F9 26 EMIOS.EMIOSFLAG[F9] eMIOS channel 9 Flag
eTPUDTRSR_1_DTRSO0 27 eTPU.eTPUDTRSR_1[DTRSO] eTPU_1 Channel 0 Data Transfer
Request Status
eTPUDTRSR_1_DTRS1 28 eTPU.eTPUDTRSR_1[DTRS1] eTPU_1 Channel 1 Data Transfer
Request Status
eTPUDTRSR_1_DTRS2 29 eTPU.eTPUDTRSR_1[DTRS2] eTPU_1 Channel 2 Data Transfer
Request Status
eTPUDTRSR_1_DTRS14 30 eTPU.eTPUDTRSR_1[DTRS14] eTPU_1 Channel 14 Data Transfer
Request Status
eTPUDTRSR_1_DTRS15 31 eTPU.eTPUDTRSR_1[DTRS15] eTPU_1 Channel 15 Data Transfer

Request Status

7.2 Introduction

The DMA (Direct Memory Access) is a second-generation platform module capable of performing

complex data transfers with minimal intervention from a host processor via “n” programmable channels.
Intended for use as part of the Standard Product Platform (SPP), the hardware microarchitecture includes
a DMA engine which performs source and destination address calculations, and the actual data movement
operations, along with a local memory containing the transfer control descriptors (TCD) for the channels.

This SRAM-based implementation is used to minimize the overall module size.

Figure 18 is a block diagram of the DMA module.
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Figure 18. DMA block diagram

7.2.1 Overview

The DMA is a highly-programmable data transfer engine, which has been optimized to minimize the
required intervention from the host processor. It is intended for use in applications where the data size to
be transferred is statically known, and is not defined within the data packet itself. The DMA hardware
supports:

» Single design supporting 16-, 32- and 64-channel implementations, dependent on size of the TCD
memory and design parameters

» Connections to the AMBA-AHB crossbar switch for bus mastering the data movement, slave bus
for programming the module

— Parameterized support for 32- and 64-bit AMBA-AHB datapath widths
» 32-byte transfer control descriptor per channel stored in local memory
* 32 bytes of data registers, used as temporary storage to support burst transfers
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Throughout this document, 7 is used to reference the channel number. Additionally, data sizes are defined

as byte (8-bit), halfword (16-bit), word (32-bit) and doubleword (64-bit).

7.2.2 Features
The DMA module supports the following features:

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

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

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

* Channel service request via one of three methods:
— Explicit software initiation

— Initiation via a channel-to-channel linking mechanism for continuous transfers
— Independent channel linking at end of minor loop and/or major loop

— Peripheral-paced hardware requests (one per channel)

— For all three methods, one service request per execution of the minor loop is required
» Support for fixed-priority and round-robin channel arbitration
» Channel completion reported via optional interrupt requests

— One interrupt per channel, optionally asserted at completion of major iteration count

— Error terminations are optionally enabled per channel, and logically summed together to form

a small number of error interrupt outputs
» Support for scatter/gather DMA processing

The structure of the transfer control descriptor is fundamental to the operation of the DMA module. It is
defined below in a ‘C’ pseudo-code specification, where int refers to a 32-bit variable (unless noted

otherwise) and short is a 16-bit variable.

NOTE
To compile these structures, change any periods "' in the variable name to
underscores ' .
typedef union {
struct { /* citer.e link =1 */
unsigned short citer.linkch:6; /* link channel number, */
unsigned short citer:9; /* current (“major”) iteration count */
} minor link enabled; /* channel link at end of the minor loop */
struct { /* citer.e link = 0 */
unsigned short citer:15; /* current (“major”) iteration count */
} minor link disabled; /* no linking at end of the minor loop */

} t minor link citer;
typedef union {

struct { /* biter.e link =1 */
unsigned short biter.linkch:6; /* link channel number, */
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unsigned short biter:9; /* beginning (“major”) iteration count */

} init minor link enabled; /* channel link at end of the minor loop */
struct { /* biter.e link = 0 */

unsigned short biter:15; /* beginning (“major”) iteration count */

} init minor link disabled; /* no linking at end of the minor loop */
} t minor link biter;

typedef struct {

} tcd

unsigned intsaddr;/* source address */

unsigned intsmod:5;/* source address modulo */
unsigned intssize:3;/* source transfer size */
unsigned intdmod:5;/* destination address modulo */
unsigned intdsize:3;/* destination transfer size */

short soff; /* signed source address offset */
unsigned intnbytes;/* inner (“minor”) byte count */
int slast; /* last source address adjustment */

unsigned intdaddr;/* destination address */
unsigned shortciter.e link:1;/* enable channel linking on minor loop */
t minor link citerminor link citer;/* conditional current iteration count */
short doff; /* signed destination address offset */
int dlast _sga;/* last destination address adjustment, or
scatter/gather address (if e sg = 1) */
unsigned shortbiter.e link:1;/* beginning channel link enable */
t minor link biterminor link biter;/* beginning (“major”) iteration count */
unsigned intbwc:2;/* bandwidth control */
unsigned intmajor.linkch:6;/* link channel number */
unsigned intdone:1;/* channel done */
unsigned intactive:1;/* channel executing */
unsigned intmajor.e link:1;/* enable channel linking on major loop*/
unsigned inte sg:1;/* enable scatter/gather descriptor */
unsigned intd req:1;/* disable ipd req when done */
unsigned intint half:1;/* interrupt on citer = (biter >> 1) */
unsigned intint maj:1;/* interrupt on major loop completion */
unsigned intstart:1;/* explicit channel start */
/* transfer control descriptor */

The basic operation of a channel is defined as:

1.

The channel is initialized by software loading the transfer control descriptor into the DMA’s
programming model, memory-mapped through the IPS space, and implemented as local memory.

The channel requests service; either explicitly by software, a peripheral request or a linkage from
another channel.
NOTE
The major loop executes one iteration per service request.
The contents of the transfer control descriptor for the activated channel is read from the local
memory and loaded into the DMA engine’s internal register file.

The DMA engine executes the data transfer defined by the transfer control descriptor, reading from
the source and writing to the destination. The number of iterations in the minor loop is
automatically calculated by the DMA engine. The number of iterations within the minor loop is a
function of the number of bytes to transfer (nbytes), the source size (ssize) and the destination size
(dsize). The completion of the minor loop is equal to one iteration of the major loop.
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5. Atthe conclusion of the minor loop’s execution, certain fields of the transfer control descriptor are
written back to the local TCD memory.

The process (steps 2—5) is repeated until the outer major loop’s iteration count is exhausted. At that time,
additional processing steps are completed, e.g., the optional assertion of an interrupt request signaling the
transfer’s completion, final adjustments to the source and destination addresses, etc. A more detailed
description of the channel processing is listed in the pseudo-code below. This simplified example is
intended to represent basic data transfers. Detailed processing associated with the error handling is
omitted.

/* the given DMAchannel is requesting service by the software assertion of the

tcd[channel] .start bit, the assertion of an enabled ipd req from a device, or
the implicit assertion of a channel-to-channel link */

/* begin by reading the transfer control descriptor from the local RAM
into the local dma engine registers */

dma engine read from local memory [channel];

dma_engine.active 1; /* set active flag */

dma_engine.done = 0; /* clear done flag */

/* check the transfer control descriptor for consistency */
if (dma engine.config error == 0) {

/ * begin execution of the inner “minor” loop transfers */

{

/* convert the source transfer size into a byte count */
switch (dma engine.ssize) {
case 0: /* 8-bit transfer */
src_xfr size = 1;
break;
case 1: /* 16-bit transfer */
src_xfr size = 2;
break;
case 2: /* 32-bit transfer */
src_xfr size = 4;
break;
case 3: /* 64-bit transfer */
src_xfr size = 8;
break;
case 4: /* 1l6-byte burst transfer */
src_xfr size = 16;
break;
case 5: /* 32-byte burst transfer */
src_xfr size = 32;
break;

/* convert the destination transfer size into a byte count */
switch (dma engine.dsize) {
case 0: /* 8-bit transfer */
dest xfr size = 1;
break;
case 1: /* 16-bit transfer */
dest xfr size = 2;
break;

MPC5634M Microcontroller Reference Manual, Rev. 6

148 Freescale Semiconductor



case 2: /* 32-bit transfer */
dest xfr size = 4;
break;

case 3: /* 64-bit transfer */
dest xfr size = 8;
break;

case 4: /* 1l6-byte burst transfer */
dest xfr size = 16;
break;

case 5: /* 32-byte burst transfer */
dest xfr size = 32;
break;

/* determine the larger of the two transfer sizes, this value reflects */
/* the number of bytes transferred per read->write sequence. */

/* number of iterations of the minor loop = nbytes / xfer size */

if (dma_engine.ssize < dma_engine.dsize)

xfr size = dest xfer size;
else
xfr size = src xfer size;

/* process the source address, READ data into the buffer*/

/* read “xfr size” bytes from the source */

/* if the ssize < dsize, do multiple reads to equal the dsize */
/* if the ssize => dsize, do a single read of source data */
number of source reads = xfer size / src_xfer size;

for (number of source reads) {
dma engine.data = read from amba-ahb (dma engine.saddr, src xfr size);

/* generate the next-state source address */
/* sum the current saddr with the signed source offset */
ns addr = dma_engine.saddr + (int) dma engine.soff; }

/* if enabled, apply the power-of-2 modulo to the next-state addr */
if (dma engine.smod != 0)

address select = (1 << dma engine.smod) - 1; }
else

address_select = Oxffff ffff;

dma engine.saddr = ns_addr & address select
| dma engine.saddr & ~address select; }

/* process the destination address, WRITE data from buffer */

/* write “xfr size” bytes to the destination */

/* if the dsize < ssize, do multiple writes to equal the ssize */
/* if the dsize => ssize, do a single write of dest data */
number of dest writes = xfer size / dest xfer size;

for (number of dest writes) {
write to amba-ahb (dma engine.daddr, dest xfr size) = dma engine.data;
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/* generate the next-state destination address */
/* sum the current daddr with the signed destination offset */
ns_addr = dma engine.daddr + (int) dma engine.doff;

/* if enabled, apply the power-of-2 modulo to the next-state dest addr */
if (dma engine.dmod != 0)

address select = (1 << dma engine.dmod) - 1;
else

address select = Oxffff ffff;

dma_engine.daddr = ns_addr & address_select

| dma engine.daddr & ~address select;

/* check for a higher priority channel to service if: */
/* 1) preemption is enabled */

/* 2) in fixed arbitration mode */

/* 3) a higher priority channel is requesting service */
/* 4) not already servicing a preempting channel */

if ((CPRn.ecp = 1) & fixed arbitration mode

higher pri request & ~current channel is preempt)
service preempt channel;

/* the bandwidth control field determines when the next read/write occurs */
if (dma engine.bwc > 1)
stall dma engine (1 << dma engine.bwc);

/* decrement the minor loop byte count */
dma engine.nbytes = dma engine.nbytes - xfr size;

}while (dma engine.nbytes > 0) /* end of minor inner loop */
dma engine.citer--; /* decrement major loop iteration count */

/* if the major loop is not yet exhausted, update certain TCD values in the RAM */
if (dma engine.citer != 0) {

write to local memory [channel].saddr = dma engine.saddr;

write to local memory [channel].daddr dma engine.daddr;

write to local memory [channel].citer = dma engine.citer;

/* if minor loop linking is enabled, make the channel link */
if (dma_engine.citer.e_link)
TCD[citer.linkch].start = 1; /* specified channel service req */

/* check for interrupt assertion if half of the major iterations are done */
if (dma engine.int half && (dma engine.citer == (dma_engine.biter >> 1)))
generate interrupt (channel);

dma engine.active = 0; /* clear the channel busy flag */

}
else { /* major loop is complete, dma engine.citer == 0 */
/* since the major loop is complete, perform the final address adjustments */

/* sum the current {src,dst} addresses with “last” adjustment */

write to local memory [channel].saddr = dma engine.saddr + dma engine.slast;
write to local memory [channel].daddr = dma engine.daddr + dma engine.dlast;
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else {

}

/* restore the major iteration count to the beginning value */
write to local memory [channel].citer = dma engine.biter;

/* check for interrupt assertion at completion of the major iteration */
if (dma _engine.int maj)
generate interrupt (channel);

/* check if the ipd reg is to be disabled at completion of the major iteration */
if (dma engine.d req)
DMAERQ [channel] = 0;

/* check for a scatter/gather transfer control descriptor */
if (dma_engine.e sg) {
/* load new transfer control descriptor from the address defined by dlast sga */
write to local memory [channel] =
read from amba-ahb(dma engine.dlast sga,32);
}

if (dma _engine.major.e link)

TCD[major.linkch].start = 1; /* specified channel service req */
dma engine.active = 0; /* clear the channel busy flag */
dma_engine.done = 1; /* set the channel done flag */

/* configuration error detected, abort the channel */
dma_engine.error status = error type; /* record the error */
dma engine.active = 0; /* clear the channel busy flag */
/* check for interrupt assertion on error */
if (dma _engine.int err)
generate_interrupt (channel) ;

For more details, consult Section 7.3.1, “Register descriptions, and Section 7.4, “Functional description.

7.3

Memory map/register definition

The DMA’s programming model is partitioned into two sections, both mapped into the slave bus space:
the first region defines a number of registers providing control functions, while the second region
corresponds to the local transfer control descriptor memory.

Reading an unimplemented register bit or memory location will return the value of zero. Write the value
of zero to unimplemented register bits. Any access to a reserved memory location will result in a bus error.
Reserved memory locations are indicated in the memory map.

Many of the control registers have a bit width that matches the number of channels implemented in the
module, that is, 32-bits in size.

The DMA module does not include any logic which provides access control. Rather, this function is
supported using the standard access control logic provided by the AIPS controller.

Table 18 is a 32-bit view of the DMA’s memory map.
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Table 18. DMA 32-bit memory map

DMA offset Register
0x0000 DMA Control Register (DMA_CR)
0x0004 DMA Error Status Register (DMA_ESR)
0x0008 Reserved
0x000c DMA Enable Request Register (DMA_ERQRL) (Channels 31-00)
0x0010 Reserved
0x0014 DMA Enable Error Interrupt Register (DMA_EEIRL) (Channels 31-00)
0x0018 DMA Set Enable DMA Clear Enable | DMA Set Enable Error | DMA Clear Enable
Request Register Request Register Interrupt Register | Error Interrupt Register
(DMA_SERQR) (DMA_CERQR) (DMA_SEEIR) (DMA_CEEIR)
0x001c DMA Clear Interrupt DMA Clear Error DMA Set START Bit DMA Clear DONE
Request Register Register (DMA_CER) |Register (DMA_SSBR)| Status Bit Register
(DMA_CIRQR) (DMA_CDSBR)
0x0020 Reserved
0x0024 DMA Interrupt Request (DMA_IRQRL) (Channels 31-00)
0x0028 Reserved
0x002c DMA Error (DMA_ERL) Register (Channels 31-00)
0x0030—-0x00fc Reserved
0x0100 DMA Channel 0 DMA Channel 1 DMA Channel 2 DMA Channel 3
Priority (DMA_CPR) | Priority (DMA_CPR1) | Priority (DMA_CPR2) | Priority (DMA_CPR3)
0x0104 DMA Channel 4 DMA Channel 5 DMA Channel 6 DMA Channel 7
Priority (DMA_CPR4) | Priority (DMA_CPRS5) | Priority (DMA_CPRS6) | Priority (DMA_CPR7)
0x0108 DMA Channel 8 DMA Channel 9 DMA Channel 10 DMA Channel 11
Priority (DMA_CPRS8) | Priority (DMA_CPR9) | Priority (DMA_CPR10)| Priority (DMA_CPR11)
0x010c DMA Channel 12 DMA Channel 13 DMA Channel 14 DMA Channel 15
Priority (DMA_CPR12)| Priority (DMA_CPR13)| Priority (DMA_CPR14)| Priority (DMA_CPR15)
0x0110 DMA Channel 16 DMA Channel 17 DMA Channel 18 DMA Channel 19
Priority (DMA_CPR16)| Priority (DMA_CPR17)| Priority (DMA_CPR18)| Priority (DMA_CPR19)
0x0114 DMA Channel 20 DMA Channel 21 DMA Channel 22 DMA Channel 23
Priority (DMA_CPR20) | Priority (DMA_CPR21)| Priority (DMA_CPR22)| Priority (DMA_CPR23)
0x0118 DMA Channel 24 DMA Channel 25 DMA Channel 26 DMA Channel 27
Priority (DMA_CPR24)| Priority (DMA_CPR25) | Priority (DMA_CPR26)| Priority (DMA_CPR27)
0x011c DMA Channel 28 DMA Channel 29 DMA Channel 30 DMA Channel 31
Priority (DMA_CPR28) | Priority (DMA_CPR29)| Priority (DMA_CPR30)| Priority (DMA_CPR31)
0x0120 Reserved
0x0124 Reserved
0x0128 Reserved
0x012c Reserved
0x0130 Reserved
0x0134 Reserved
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Table 18. DMA 32-bit memory map (continued)

DMA offset Register
0x0138 Reserved
0x013c Reserved

0x0140-0x0ffc Reserved

0x1000-0x11fc TCDO0-TCD15
0x1200-0x13fc TCD16-TCD31
0x1400-0x15fc TCD32-TCD47
0x1600-0x17fc TCD48-TCD63

7.3.1 Register descriptions

7.3.1.1 DMA Control Register (DMA_CR)
The 32-bit DMA_CR defines the basic operating configuration of the DMA.

The DMA arbitrates channel service requests in groups of 16 channels. The 32-channel configuration has
two groups (1,0). Group 1 contains channels 31-16, and group 0 contains channels 15-0.

Arbitration within a group can be configured to use either a fixed-priority or a round-robin selection. 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 7.3.1.15, “DMA Channel n Priority
(DCHPRIn), n = 0,...,31). In round-robin arbitration mode, the channel priorities are ignored and the
channels within each group are cycled through 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 is the highest and priority
level 0 is the lowest. The group priorities are assigned in the GRPnPri registers. All group priorities must
have unique values prior to any channel service requests occur, otherwise a configuration error will be
reported. Unused group priority registers, per configuration, are unimplemented in the DMA_CR. In group
round-robin mode, the group priorities are ignored and the groups are cycled through without regard to
priority.

See Figure 19 and Table 19 for the DMA _CR definition.
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Register address: DMA_Offset + 0x0000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R GRP3PRI | GRP2PRI | GRP1PRI | GRPOPRI 0 0 0 0 g zt) 8 EBW
o o [m)
W w T w
Reset 1 1 1 0 0 1 0 0 0 0 0 0
= Unimplemented
Figure 19. DMA Control Register (DMA_CR)
Table 19. DMA_CR field descriptions
Name Description Value
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 0 Priority Group 0 priority level when fixed priority group
arbitration is enabled.
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Table 19. DMA_CR field descriptions

Name Description Value

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 ipg_debug input is ignored.
The assertion of the ipg_debug input causes the
DMA to stall the start of a new channel.
Executing channels are allowed to complete.
Channel execution will resume when

either the ipg_debug input is negated or the
EDBG bit is cleared.

EBW Enable Buffered Writes 0 The bufferable write signal (hprot[2]) is not
asserted during AMBA AHB writes.

1 The bufferable write signal (hprot[2]) is asserted
on all AMBA AHB writes except for the last
write sequence.

—_

7.3.1.2 DMA Error Status Register (DMA_ESR)

The DMA_ESR provides information concerning 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 caused by any two channel priorities being equal within a group, or any group
priority levels being equal among the groups. All channel priority levels within a group must be unique
and all group priority levels among the groups must be unique when fixed arbitration mode is enabled. If
a scatter/gather operation is enabled upon 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 upon channel completion, a configuration error is reported when the link is attempted if the
TCD.citer.e_link bit does not equal the TCD.biter.e_link bit. 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. A scatter/gather configuration error is reported when the scatter/gather operation
begins at major loop completion when properly enabled. 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 stopped and the appropriate
bus error flag set. In this case, the state of the channel’s transfer control descriptor is updated by the DMA
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engine with the current source address, destination address and current iteration count at the point of the
fault. When a system bus error occurs, the channel is terminated after the read or write transaction which
is already pipelined after errant access, has completed. If a bus error occurs on the last read prior to
beginning the write sequence, the write will execute 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 will execute
before the channel is terminated due to the destination bus error.

The occurrence of any type of error causes the DMA engine to immediately stop, and the appropriate
channel bit in the DMA Error register to be asserted. At the same time, the details of the error condition
are loaded into the DMA 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. See
Figure 20 and Table 20 for the DMA_ESR definition.

Register address: DMA_Offset + 0x0004

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

w
Reset 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R GPE | CPE ERRCHN]0:5] SAE | SOE | DAE | DOE | NCE | SGE | SBE | DBE
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented

Figure 20. DMA Error Status Register (DMA_ESR)

Table 20. DMA_ESR field descriptions

Name Description Value

VLD Logical OR of all DMA_ERL status bits 0 No DMA_ERL bits are set.
1 Atleast one DMA_ERL bit is set indicating a
valid error exists that has not been cleared.

GPE Group Priority Error 0 No group priority error.

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

CPE Channel Priority Error 0 No channel priority error.

The last recorded error was a configuration

error in the channel priorities within a group.
All channel priorities within a group are not

unique.

—

ERRCHNJ[0:5] |Error Channel Number The channel number of the last recorded error
(excluding GPE and CPE errors).
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Table 20. DMA_ESR field descriptions (continued)

Name

Description

Value

SAE

Source Address Error

—_

No source address configuration error.
The last recorded error was a configuration
error detected in the TCD.saddr field.
TCD.saddr is inconsistent with TCD.ssize.

SOE

Source Offset Error

—_

No source offset configuration error.

The last recorded error was a configuration
error detected in the TCD.soff field.
TCD.soff is inconsistent with TCD.ssize.

DAE

Destination Address Error

—_

No destination address configuration error.
The last recorded error was a configuration
error detected in the TCD.daddr field.
TCD.daddr is inconsistent with TCD.dsize.

DOE

Destination Offset Error

—

No destination offset configuration error.
The last recorded error was a configuration
error detected in the TCD.doff field.
TCD.doff is inconsistent with TCD.dsize.

NCE

Nbytes/Citer Configuration Error

—_

No nbytes/citer configuration error.

The last recorded error was a configuration
error detected in the TCD.nbytes or TCD.citer
fields.

TCD.nbytes is not a multiple of TCD.ssize and
TCD.dsize, or

TCD.citer is equal to zero, or

TCD.citer.e_link is not equal to TCD.biter.e_link.

SGE

Scatter/Gather Configuration Error

—

No scatter/gather configuration error.

The last recorded error was a configuration
error detected in the TCD.dlast_sga field. This
field is checked at the beginning of a
scatter/gather operation after major loop
completion if TCD.e_sg is enabled.
TCD.dlast_sga is not on a 32 byte boundary.

SBE

Source Bus Error

No source bus error.
The last recorded error was a bus error on a
source read.

DBE

Destination Bus Error

—_

No destination bus error.
The last recorded error was a bus error on a
destination write.

7.3.1.3 DMA Enable Request Register (DMA_ERQRL)

The DMA ERQRL register provides a bitmap for the 32 implemented channels (0-31) to enable the
request signal for each channel. The state of any given channel enable is directly affected by writes to this

register; it is also affected by writes to the DMA SERQR and DMA CERQR registers. The

DMA SERQR and DMA CERQR registers are provided so that the request enable for a single channel
can easily be modified without the need to perform a read-modify-write sequence to the DMA ERQRL

register.
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Both the DMA request input signal and the enable request flag must be asserted before a channel’s
hardware service request is accepted. The state of the DMA enable request flag does not affect a channel
service request made explicitly through software or a linked channel request. See Figure 21 and Table 21
for the DMA_ ERQRL definition.

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

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

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 ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ
15 | 14 | 13 | 12 | 11 10 | 09 | 08 | 07 | 06 | O5 | 04 | 03 | 02 | Of 00

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented

Figure 21. DMA Enable Request (DMA_ERQRL) Registers

Table 21. DMA_ERQRL field descriptions

Name Description Value

ERQn, Enable DMA Request n 0 The DMA request signal for channel n is disabled.
n=0,.15 1 The DMA request signal for channel n is enabled.
n=0,..31

As a given channel completes the processing of its major iteration count, there is a flag in the transfer
control descriptor that may affect the ending state of the DMA ERQRL bit for that channel. If the
TCD.d_req bit is set, then the corresponding DMAERAQ bit is cleared, disabling the DMA request; else if
the d_req bit is cleared, the state of the DMAERQ bit is unaffected.

7.3.1.4 DMA Enable Error Interrupt Register (DMA_EEIRL)

The DMA_EEIRL register provides a bitmap for the 32 implemented channels to enable the error interrupt
signal for each channel (31 — 00). The state of any given channel’s error interrupt enable is directly affected
by writes to this register; it is also affected by writes to the DMA SEEIR and DMA CEEIR registers.
DMA_SEEIR and DMA_CEEIR registers are provided so that the error interrupt enable for a single
channel can easily be modified without the need to perform a read-modify-write sequence to the

DMA _EEIRL register.

Both the DMA error indicator and this error interrupt enable flag must be asserted before an error interrupt
request for a given channel is asserted. See Figure 22 and Table 22 for the DMAEEI definition.
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A
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R EEl | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI
W 31 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 20 19 18 17 16
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 3
R EEl | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI | EEI
W 15 14 13 12 11 10 | 09 | 08 | O7 | 06 | O5 | 04 | O3 | 02 | O 00
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented
Figure 22. DMA Enable Error Interrupt (DMA_EEIRL) Register
Table 22. DMA_EEIRL field descriptions
Name Description Value
EEIn, Enable Error Interrupt n 0 The error signal for channel n does not generate
n=0,..15 an error interrupt.
n=0,..31 1 The assertion of the error signal for channel n
n=0,..63 generate an error interrupt request.
7.3.1.5

DMA Set Enable Request Register (DMA_SERQR)

The DMA SERQR provides a simple memory-mapped mechanism to set a given bit in the DMA ERQRL
register to enable the DMA request for a given channel. The data value on a register write causes the
corresponding bit in the DMA_ ERQRL register to be set. A data value of 64 to 127 (regardless of the
number of implemented channels) provides a global set function, forcing the entire contents of

DMA_ ERQRL to be asserted. Reads of this register return all zeroes. See Figure 23 and Table 23 for the
DMA_SERQR definition.

Register address: DMA_Offset + 0x0018

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W SERQ[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 23. DMA Set Enable Request Register (DMA_SERQR)
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Table 23. DMA_SERQR field descriptions

Name Description Value

SERQI0:6] |Set Enable Request 0-63  Set the corresponding bit in DMA_ERQRL
64-127 Set all bits in DMA_ERQRL

7.3.1.6 DMA Clear Enable Request Register (DMA_CERQR)

The DMA_CERQR provides a simple memory-mapped mechanism to clear a given bit in the
DMA _ ERQRL register to disable the DMA request for a given channel. The data value on a register write
causes the corresponding bit in the DMA_ ERQRL register to be cleared. A data value of 64 to 127
(regardless of the number of implemented channels) provides a global clear function, forcing the entire
contents of the DMA_ ERQRL to be zeroed, disabling all DMA request inputs. Reads of this register return
all zeroes. See Figure 24 and Table 24 for the DMA_ CERQR definition.

Register address: DMA_Offset + 0x0019

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W CERQJ0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 24. DMA Clear Enable Request Register (DMA_CERQR)

Table 24. DMA_CERQR field descriptions

Name Description Value

CERQI0:6] |Clear Enable Request 0-63  Clear corresponding bit in DMA_ERQRL
64-127 Clear all bits in DMA_ERQRL

7.3.1.7 DMA Set Enable Error Interrupt Register (DMA_SEEIR)

The DMA_SEEIR provides a simple memory-mapped mechanism to set a given bit in the DMA EEIRL
register to enable the error interrupt for a given channel. The data value on a register write causes the
corresponding bit in the DMA_EEIRL register to be set. A data value of 64 to 127 (regardless of the
number of implemented channels) provides a global set function, forcing the entire contents of
DMA_EEIRL to be asserted. Reads of this register return all zeroes. See Figure 25 and Table 25 for the
DMA_SEEIR definition.
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Register address: DMA_Offset + 0x001a

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W SEEI[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 25. DMA Set Enable Error Interrupt Register (DMA_SEEIR)

Table 25. DMA_SEEIR field descriptions

Name Description Value

SEEI[0:6] Set Enable Error Interrupt 0-63  Set the corresponding bit in DMA_EEIRL
64—127 Set all bits in DMA_EEIRL

7.3.1.8 DMA Clear Enable Error Interrupt Register (DMA_CEEIR)

The DMA_CEEIR provides a simple memory-mapped mechanism to clear a given bit inthe DMA_EEIRL
register to disable the error interrupt for a given channel. The data value on a register write causes the
corresponding bit in the DMA_EEIRL register to be cleared. A data value of 64 to 127 (regardless of the
number of implemented channels) provides a global clear function, forcing the entire contents of the
DMA_EEIRL to be zeroed, disabling all DMA request inputs. Reads of this register return all zeroes. See
Figure 26 and Table 26 for the DMA_CEEIR definition.

Register address: DMA_Offset + 0x001b

0 1 2 3 4 5 6 7
R 0 0 0 0 0 0 0 0
w CEEI[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 26. DMA Clear Enable Error Interrupt Register (DMA_CEEIR)

Table 26. DMA_CEEIR field descriptions

Name Description Value

CEEI[0:6] Clear Enable Error Interrupt 0-63  Clear corresponding bit in DMA_EEIRL
64-127 Clear all bits in DMA_EEIRL
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7.3.1.9 DMA Clear Interrupt Request Register (DMA_CIRQR)

The DMA_CIRQR provides a simple memory-mapped mechanism to clear a given bit in the

DMA IRQRL register to disable the interrupt request for a given channel. The given value on a register
write causes the corresponding bit in the DMA_ IRQRL register to be cleared. A data value of 64 to 127
(regardless of the number of implemented channels) provides a global clear function, forcing the entire

contents of the DMA IRQRL to be zeroed, disabling all DMA interrupt requests. Reads of this register

return all zeroes. See Figure 27 and Table 27 for the DMA_CIRQR definition.

Register address: DMA_Offset + 0x001¢c

0 1 2 3 4 5 6 7
R 0 0 0 0 0 0 0 0
w CINT[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 27. DMA Clear Interrupt Request Register (DMA_CIRQR)

Table 27. DMA_CIRQR field descriptions

Name Description Value

CINT[0:6] Clear Interrupt Request 0-63  Clear the corresponding bit in DMA_IRQRL
64-127 Clear all bits in DMA_IRQRL

7.3.1.10 DMA Clear Error Register (DMA_CER)

The DMA_CER provides a simple memory-mapped mechanism to clear a given bit in the DMA ERL
register to disable the error condition flag for a given channel. The given value on a register write causes
the corresponding bit in the DMA_ ERL register to be cleared. A data value of 64 to 127 (regardless of the
number of implemented channels) provides a global clear function, forcing the entire contents of the
DMA_ERL to be zeroed, clearing all channel error indicators. Reads of this register return all zeroes. See
Figure 28 and Table 28 for the DMA_CER definition.

Register address: DMA_Offset + 0x001d

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W CERR[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 28. DMA Clear Error Register (DMA_CER)
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Table 28. DMA_CER field descriptions

Name Description Value

CERR[0:6] [Clear Error Indicator 0-63  Clear corresponding bit in DMA_ERL
64-127 Clear all bits in DMA_ERL

7.3.1.11 DMA Set START Bit Register (DOMA_SSBR)

The DMA_SSBR provides a simple 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. A data value of 64 to 127 (regardless of the number of implemented channels)
provides a global set function, forcing all START bits to be set. Reads of this register return all zeroes. See
Table 42 for the TCD START bit definition.

Register address: DMA_Offset + 0x001e

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W SSRT[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 29. DMA Set START Bit Register (DMA_SSBR)

Table 29. DMA_SSBR field descriptions

Name Description Value

SSRT[0:6] |Set START Bit (Channel Service Request)|0-63  Set the corresponding channel’s TCD.start
64—-127 Set all TCD.start bits

7.3.1.12 DMA Clear DONE Status Bit Register (DMA_CDSBR)

The DMA_CDSBR provides a simple 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. A data value of 64 to 127 (regardless of the number of implemented
channels) provides a global clear function, forcing all DONE bits to be cleared. Reads of this register return
all zeroes. See Table 42 for the TCD DONE bit definition.
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Register address: DMA_Offset + 0x001f

0 1 2 3 4 5 6 7

R 0 0 0 0 0 0 0 0
W CDNE[0:6]

Reset 0 0 0 0 0 0 0

= Unimplemented

Figure 30. DMA Clear DONE Status Bit Register (DMA_CDSBR)

Table 30. DDMA_CDSBR field descriptions

Name Description Value

CDNEJ[0:6] |Clear DONE Status Bit 0-63 Clear the corresponding channel’s DONE bit
64—127 Clear all TCD DONE bits

7.3.1.13 DMA Interrupt Request (DMA_IRQRL)

The DMA_IRQRL register provides a bitmap for the 32 implemented channels signaling the presence of
an interrupt request for each channel (31 — 00). The DMA engine signals the occurrence of a programmed
interrupt upon 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 platform’s interrupt
controller. During the execution of the interrupt service routine associated with any given channel, it is
software’s responsibility to clear the appropriate bit, negating the interrupt request. Typically, a write to
the DMA CIRQR register 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 DMA_CIRQR register. On writes to the DMAINT, a one in any bit position clears
the corresponding channel’s interrupt request. A zero in any bit position has no affect on the corresponding
channel’s current interrupt status. The DMA_CIRQR register is provided so the interrupt request for a
single channel can easily be cleared without the need to perform a read-modify-write sequence to the
DMA_ IRQRL register. See Figure 31 and Table 31 for the DMAINT definition.
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

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

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 INT | INT | INT [ INT | INT | INT | INT [ INT | INT | INT | INT | INT | INT | INT | INT | INT
15 | 14 | 13 | 12 | 11 10 | 09 | 08 | O7 | 06 | O5 | 04 | 03 | 02 | Of 00

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented

Figure 31. DMA Interrupt Request Register (DMA_IRQRL)

Table 31. DMA_IRQRL field descriptions

Name Description Value

INTn, DMA Interrupt Request n 0 The interrupt request for channel n is cleared.
n=0,..15 1 The interrupt request for channel n is active.
n=0,..31
n=0,..63

7.3.1.14 DMA Error (DMA_ERL) Register

The DMA_ERL register provides a bitmap for the 32 implemented channels signaling the presence of an
error for each channel (31 — 00). 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 DMAEEI
register, then logically summed across groups of 16, 32 and 64 channels to form several group error
interrupt requests which is then routed to the platform’s interrupt controller. During the execution of the
interrupt service routine associated with any DMA errors, it is software’s responsibility to clear the
appropriate bit, negating the error interrupt request. Typically, a write to the DMA_CER register in the
interrupt service routine is used for this purpose. Recall the normal DMA channel completion 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 DMAEEI register. The state of any given channel’s error indicators is
affected by writes to this register; it is also affected by writes to the DMA CER register. On writes to the
DMAERR, a one in any bit position clears the corresponding channel’s error status. A zero in any bit
position has no affect on the corresponding channel’s current error status. The DMA_CER register is
provided so the error indicator for a single channel can easily be cleared. See Figure 32 and Table 32 for
the DMAERR definition.
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0 1 2 3 4 5 6 7 8 9 10 11 12 183 14 15
R ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
W 31 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 20 | 19 | 18 | 17 | 16
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 3
R ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
W 15 | 14 | 13 | 12 | 11 10 | 09 | 08 | 07 | 06 | O5 | 04 | 03 | 02 | Of 00
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented
Figure 32. DMA Error (DMA_ERL) Registers
Table 32. DMA_ERL field descriptions
Name Description Value
ERRn, DMA Error n 0 An error in channel n has not occurred.
n=0,.15 1 An error in channel n has occurred.
n=0,..31
n=0,..63
7.3.1.15 DMA Channel n Priority (DCHPRIn), n = 0,...,31

When the fixed-priority channel arbitration mode is enabled (DMA_CR[ERCA]=0), the contents of these
registers define the unique priorities associated with each channel within a group. 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.
Software must program the channel priorities with unique values, otherwise a configuration error will be
reported. The range of the priority value is limited to the values of 0—15. When read, the GRPPRI bits of
the DMA_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 DMA_CPRn registers. The
group priority is assigned in the DMA_CR register. See Figure 19 and Table 19 for the DMA CR
definition.

Channel preemption is enabled on a per channel basis by setting the ECP bit in the DMA_CPRn register.
Channel preemption allows the executing channel’s data transfers to be temporarily suspended in favor of
starting a higher priority channel. After the preempting channel has completed all of its minor loop data
transfers, the preempted channel is restored and resumes execution. After the restored channel completes
one read/write sequence, it is again eligible for preemption. If any higher priority channel is requesting
service, the restored channel will be suspended and the higher priority channel will be serviced. Nested
preemption (attempting to preempt a preempting channel) is not supported. After a preempting channel
begins execution, it cannot be preempted. Preemption is only available when fixed arbitration is selected
for both group and channel arbitration modes. See Figure 33 and Table 33 for the DMA CPRn definition.
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Register address: DMA_Offset + 0x100 + n

0 1 2 3 4 5 6 7
R ECP 0 GRPPRI[0:1] CHPRI[0:3]
w
Reset 0 * * * * * *
= Unimplemented
* = defaults to channel number (n) after reset
Figure 33. DMA Channel n Priority (DMA_CPRn) Register
Table 33. DMA_CPRn field descriptions
Name Description Value
ECP Enable Channel Preemption 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.
GRPPRI[0:1] |Channel n Current Group Priority Group priority assigned to this channel group when
fixed-priority arbitration is enabled. These two bits are
read only; writes are ignored.
CHPRI[0:3] |Channel n Arbitration Priority Channel priority when fixed-priority arbitration is
enabled.

7.3.1.16 Transfer Control Descriptor (TCD)

Each channel requires a 32-byte transfer control descriptor for defining the desired data movement
operation. The TCD structure was previously discussed in detail in Section 7.2.2, “Features. The channel
descriptors are stored in the local memory in sequential order: channel 0, channel 1, ... channel [n-1]. The
definitions of the TCD are presented as eight 32-bit values. Table 34 is a 32-bit view of the basic TCD
structure.
There are two configurations for the TCD structure:
1. The standard TCD format is defined by the following conditions:
— TCD[x].CITER.E_LINK =0 (see TCD Word 5 details)
and
— BITER.E_LINK =0 (see TCD Word 7 details)
and
— DMA CR[EMLM] =0 (see DMA_CR register details)
2. The alternate format is selected by the following conditions:
— TCD[x].CITER.E_LINK =1 (see TCD Word 5 details)
and
— BITER.E_LINK =1 (see TCD Word 7 details)
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NOTE

The TCD structures are similar. The differences appear in Word5 and Word
7 of the TCD and are noted in the following descriptions.

Table 34. TCDn 32-bit memory structure

DMA offset TCDn field
0x1000 + (32 x n) + 0x00 Source Address (saddr)
0x1000 + (32 x n) + 0x04 Transfer Attributes Signed Source Address Offset (soff)
(smod, ssize, dmod, dsize)
0x1000 + (32 x n) + 0x08 Inner “Minor” Byte Count (nbytes)
0x1000 + (32 x n) + 0x0c Last Source Address Adjustment (slast)
0x1000 + (32 x n) + Ox10 Destination Address (daddr)
0x1000 + (32 x n) + Ox14 Current “Major” lteration Count (citer) | Signed Destination Address Offset (doff)
0x1000 + (32 x n) + 0x18 Last Destination Address Adjustment/Scatter Gather Address (dlast_sga)
0x1000 + (32 x n) + Ox1c | Beginning “Major” lteration Count (biter) Channel Control/Status
(bwc, major.linkch, done, active,
major.e_link, e_sg, d_req, int_half, int_maj,
start)

Figure 34 and Table 35 define word 0 of the TCDn structure, the saddr field.
Register address: DMA_Offset + 0x1000 + (32 x n) + 0x00

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

R saddr[0:15]

Reset - - - - - - - - - - - - - - - -

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

R saddr[16:31]

Reset - - - - - - - - - - - - - - - -

= Unimplemented

Figure 34. TCDn Word 0 (TCDn.saddr) field

Table 35. TCDn Word 0 (TCDn.saddr) field description

Name Description Value

saddr[0:31] |Source address Memory address pointing to the source data

Figure 35 and Table 36 define word 1 of the TCDn structure, the soff and transfer attribute fields.
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Register address: DMA_Offset + 0x1000 + (32 x n) + 0x04

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R smod[0:4] ssize[0:2] dmod[0:4] dsize[0:2]
W
Reset - - - - - - - - - - - - - - - —
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R soff[16:31]
W
Reset - - - - - - - - - - - - - - - —

= Unimplemented

Figure 35. TCDn Word 1 (TCDn.{soff,smod,ssize,dmod,dsize}) fields
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Table 36. TCDn Word 1 (TCDn.{smod,ssize,dmod,dsize,soff}) field descriptions

Name

Description

Value

smod[0:4]

Source address modulo

0
Source address modulo feature is disabled.

non-0

The value defines a specific address bit which is
selected to be either the value after saddr + soff
calculation is performed or the original register value.
This feature provides the ability to easily implement a
circular data queue. For data queues requiring
power-of-2 “size” bytes, the queue should be based at
a 0-modulo-size address and the smod field set to the
appropriate value to freeze the upper address bits. The
bit select is defined as ((1 << smod[4:0]) - 1) where a
resulting 1 in a bit location selects the next state
address for the corresponding address bit location and
a 0 selects the original register value for the
corresponding address bit location. For this 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.

ssize[0:2]

Source data transfer size

000  8-bit

001 16-bit

010 32-bit

011 64-bit

100 16-byte (32-bit implementations only)
101 32-byte (if supported by the platform)
110 Reserved

111 Reserved

The attempted specification of a 64-bit source size in a
32-bit AMBA AHB bus implementation produces a
configuration error. Likewise, the attempted
specification of a 16-byte source size in a 64-bit AMBA
AHB bus implementation generates a configuration
error. The attempted specification of a 32-byte burst on
platforms that do not support such a transfer type will
result in a configuration error.

dmod[0:4]

Destination address modulo

See the smod[5:0] definition.

dsize[0:2]

Destination data transfer size

See the ssize[2:0] definition.

soff[16:31]

Source address signed offset

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

Figure 36 and Table 37 define word 2 of the TCDn structure, the nbytes field
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Register address: DMA_Offset + 0x1000 + (32 x n) + 0x08

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

R nbytes[0:15]

Reset - - - - - - - - - -

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

R nbytes[16:31]

Reset - - - - - - - - - -

= Unimplemented

Figure 36. TCDn Word 2 (TCDn.nbytes) field

Table 37. TCDn Word 2 (TCDn.nbytes) field description

Name Description Value

nbytes[0:31] |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 DMA 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. After 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 0x0000_0000 is interpreted as
0x1_0000_0000, thus specifying a 4 GB transfer.

Figure 37 and Table 38 define word 3 of the TCDn structure, the slast field.
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Register address: DMA_Offset + 0x1000 + (32 x n) + 0x0c

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R slast[0:15]
w
Reset - - - - - - - - - - - - - - - -
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R slast[16:31]
w
Reset - - - - - - - - - - - - - - - -
= Unimplemented
Figure 37. TCDn Word 3 (TCDn.slast) field
Table 38. TCDn Word 3 (TCDn.slast) field descriptions
Name Description Value
slast[0:31] |Last source address adjustment Adjustment value added to the source address at the

reference the next data structure.

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

Figure 38 and Table 39 define word 4 of the TCDn structure, the daddr field.
Register address: DMA_Offset + 0x1000 + (32 x n) + 0x10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R daddr[0:15]
W
Reset - - - - - - - - - - - - - - - -
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R daddr{16:31]
W
Reset - - - - - - - - - - - - - - - -

= Unimplemented

Figure 38. TCDn Word 4 (TCDn.daddr) field
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Name

Table 39. TCDn Word 4 (TCDn.daddr) field description

daddr[0:31]

Description

Destination address

Value

Memory address pointing to the destination data.

Figure 39 and Table 40 define word 5 of the TCDn structure, the citer and doff fields.

Register address: DMA_Offset + 0x1000 + (32 x n) + 0x14

0 1 2 3 4 5 6 7 8 9 10 11 15
R ié citer[0:5] or citer.linkch[0:5] citer[6:14]
W ®
o
©
Reset - - - - - - - - - - - - -
16 17 18 19 20 21 22 23 24 25 26 27 28 31
R doff[16:31]
w
Reset - -

Freescale Semiconductor

= Unimplemented

Figure 39. TCDn Word 5 (TCDn.{citer,doff}) fields
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Table 40. TCDn Word 5 (TCDn.{doff,citer}) field descriptions

Name Description Value
citer.e_link Enable channel-to-channel linking As the channel completes the inner minor loop, this
on minor loop complete flag enables the linking to another channel, defined by

citer.linkch[5:0]. The link target channel initiates a
channel service request via an internal mechanism
that sets the TCD.start bit 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. This bit must be equal to the biter.e_link bit
otherwise a configuration error will be reported.

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

citer[0:5] Current “major” iteration count if (TCD.citer.e_link = 0) then
or or No channel-to-channel linking (or chaining) is
citer.linkch[0:5] |Link channel number performed after the inner “minor” loop is exhausted.
TCD word 5, bits [30:25] are used to form a 15-bit citer
field.
else

After the “minor” loop is exhausted, the DMA engine
initiates a channel service request at the channel
defined by citer.linkch[5:0] by setting that channel’s
TCD.start bit.

The value contained in citer.linkch[5:0] must not
exceed the number of implemented channels.

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. Once the major
iteration count is exhausted, the channel performs a
number of operations (e.g., 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.

doff[16:31] 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.

Figure 40 and Table 41 define word 6 of the TCDn structure, the dlast _sga field.
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Register address: DMA_Offset + 0x1000 + (32 x n) + 0x18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R dlast_sga[0:15]
W
Reset - - - - - - - - - - - - - - - -
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R dlast_sga[16:31]
W
Reset - - - - - - - - - - - - - - - -
= Unimplemented
Figure 40. TCDn Word 6 (TCDn.dlast_sga) field
Table 41. TCDn Word 6 (TCDn.dlast_sga) field description
Name Description Value

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 (TCD.e_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.

else

This address points to the beginning of a 0-modulo-32
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, else a
configuration error is reported.

Figure 41 and Table 42 define word 7 of the TCDn structure, the biter and control/status fields.
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Register address: DMA_Offset + 0x1000 + (32 x n) + Ox1c
0 1 2 3 4 5 6 8 9 10 11 12 13 14 15
R '_E biterlinkch[0:5] or biter[0:5] biter[6:14]
w @
E
o)
Reset - - - - - - - - - - - - - - -
16 17 18 19 20 21 22 24 25 26 27 28 29 30 3t
R bwc major.linkch[0:5] done |active '_E e_sg (d_req| . = start
W 8' gl El
s E |E
£
Reset - - - - - - - 0 0 - - - - - 0
= Unimplemented
Figure 41. TCDn Word 7 (TCDn.{biter,control/status}) fields
Table 42. TCDn Word 7 (TCDn.{biter, control/status}) field descriptions
Name Description Value
biter.e_link Enable channel-to-channel linking This is the initial value copied into the citer.e_link field
on minor loop complete when the major loop is completed. The citer.e_link
field controls channel linking during channel
execution. This bit must be equal to the citer.e_link bit
otherwise a configuration error will be reported.
0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.
biter[0:5] Beginning “major” iteration count This is the initial value copied into the citer field or
or or citer.linkch field when the major loop is completed.
biter.linkch[0:5] |Beginning Link channel number The citer fields controls the iteration count and linking
during channel execution.
if (TCD.biter.e_link = 0) then
No channel-to-channel linking (or chaining) is
performed after the inner “minor” loop is exhausted.
TCD word 5, bits [30:25] are used to form a 15-bit biter
field.
else
After the “minor” loop is exhausted, the DMA engine
initiates a channel service request at the channel
defined by biter.linkch[5:0] by setting that channel’'s
TCD.start bit.
The value contained in biter.linkch[5:0] must not
exceed the number of implemented channels.
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Table 42. TCDn Word 7 (TCDn.{biter, control/status}) field descriptions (continued)

Name

Description

Value

biter[6:14]

Beginning “major” iteration count

This is the initial value copied into the citer field or
citer.linkch field when the major loop is completed.
The citer fields controls the iteration count and linking
during channel execution.

This 9- or 15-bit count represents the beginning major
loop count for the channel. As the major iteration
count is exhausted, the contents of the entire 16-bit
biter entry is reloaded into the 16-bit citer entry.

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

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

bwc[0:1]

Bandwidth control

This two-bit field provides a mechanism to effectively
throttle the amount of bus bandwidth consumed by the
DMA. In general, as the DMA processes the inner
minor loop, it continuously generates read/write,
read/write, ... sequences until the minor count is
exhausted. This field forces the DMA to stall after the
completion of each read/write access to control the
bus request bandwidth seen by the platform’s
crossbar arbitration switch. To minimize start-up
latency, bandwidth control stalls are suppressed for
the first two AHB bus cycles and after the last write of
each minor loop.

The dynamic priority elevation setting elevates the
priority of the DMA as seen by the crossbar arbitration
switch for the executing channel. Dynamic priority
elevation is suppressed during the first two AHB bus
cycles.

00 No DMA engine stalls

01 Dynamic priority elevation

10 DMA engine stalls for 4 cycles after each r/'w
11 DMA engine stalls for 8 cycles after each r/'w
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Table 42. TCDn Word 7 (TCDn.{biter, control/status}) field descriptions (continued)

Name Description Value

major.linkch[0:5] |Link channel number if (TCD.major.e_link = 0) then

No channel-to-channel linking (or chaining) is
performed after the outer “major” loop counter is
exhausted.

else

After the “major” loop counter is exhausted, the DMA
engine initiates a channel service request at the
channel defined by major.linkch[5:0] by setting that
channel’s TCD.start bit.

The value contained in major.linkch[5:0] must not
exceed the number of implemented channels.

done Channel done This flag indicates the DMA has completed the outer
major loop. It is set by the DMA engine as the citer
count reaches zero; it is cleared by software, or the
hardware when the channel is activated.

This bit must be cleared in order to write the
major.e_link or e_sg bits.

active Channel active This flag signals the channel is currently in execution.
It is set when channel service begins, and is cleared
by the DMA engine as the inner minor loop completes
or if any error condition is detected.

major.e_link Enable channel-to-channel linking As the channel completes the outer major loop, this
on major loop complete flag enables the linking to another channel, defined by
major.linkch[5:0]. The link target channel initiates a
channel service request via an internal mechanism
that sets the TCD.start bit of the specified channel. To
support the dynamic linking coherency model, this
field is forced to zero when written to while the
TCD.done bit is set.

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

e_sg 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 the local memory.
To support the dynamic scatter/gather coherency
model, this field is forced to zero when written to while
the TCD.done bit 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 42. TCDn Word 7 (TCDn.{biter, control/status}) field descriptions (continued)

Name Description Value

d_req Disable request If this flag is set, the DMA hardware automatically
clears the corresponding DMAERQ bit when the
current major iteration count reaches zero.

0 The channel’'s DMAERQ bit is not affected.
1 The channel's DMAERQ bit is cleared when the
outer major loop is complete.

int_half Enable an interrupt when major counter |If this flag is set, the channel generates an interrupt
is half complete request by setting the appropriate bit in the DMAINT
register when the current major iteration count
reaches the halfway point. Specifically, the
comparison performed by the DMA engine is (citer ==
(biter >> 1)). This halfway point interrupt request is
provided to support double-buffered schemes or other
types of data movement where the processor needs
an early indication of the transfer’s progress. The
halfway complete interrupt is disabled when biter
values are less than two.

0 The half-point interrupt is disabled.
1 The half-point interrupt is enabled.

int_maj Enable an interrupt when major iteration |If this flag is set, the channel generates an interrupt
count completes request by setting the appropriate bit in the DMAINT
register when the current major iteration count
reaches zero.

0 The end-of-major loop interrupt is disabled.
1 The end-of-major loop interrupt is enabled.

start Channel start If this flag is set, the channel is requesting service.
The DMA hardware automatically clears this flag after
the channel begins execution.

0 The channel is not explicitly started.
1 The channel is explicitly started via a software
initiated service request.

7.4  Functional description

This section provides an overview of the microarchitecture and functional operation of the DMA module.

7.4.1 DMA microarchitecture

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

* DMA engine
— addr_path: This module implements registered versions of two channel transfer control

€6,

descriptors: channel “x” and channel “y”, and is responsible for all the master bus address
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calculations. All the implemented channels provide the exact same functionality. This
hardware structure allows the data transfers associated with one channel to be preempted after
the completion of a read/write sequence if a higher priority channel service request is asserted
while the first channel is active. Once a channel is activated, it runs until the minor loop is
completed unless preempted by a higher priority channel. This capability provides a
mechanism (optionally enabled by DMA_ CPRn[ECP]) where a large data move operation can
be preempted to minimize the time another channel is blocked from execution.

When any other channel is activated, the contents of its transfer control descriptor is read from
the local memory and loaded into the registers of the other addr path.channel {x,y}. Once the
inner minor loop completes execution, the addr_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 AMBA-AHB read data bus is the primary input, and
the AHB write data bus is the primary output.

The addr and data_path modules directly support the 2-stage pipelined AMBA-AHB bus. The
addr_path module represents the 1st stage of the bus pipeline (the address phase), while the
data_path module implements the 2nd stage of the pipeline (the data phase).

— pmodel _charb: This module implements the first section of DMA’s programming model as

well as the channel arbitration logic. The programming model registers are connected to the
IPS bus (not shown). The ipd_req[n] inputs and dma ipi_int[n] 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. For descriptors where the sizes are not equal, multiple access of
the smaller size data are required for each reference of the larger size. As an 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.

transfer control descriptor 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 IPS bus. As noted earlier,
in the event of simultaneous accesses, the DMA engine is given priority and the IPS 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
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7.4.2 DMA basic data 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

ipd_req[n] signal to request service for channel n. Channel service request via software and the TCDn.start
bit follows the same basic flow as an ipd_req. The ipd_req[n] input signal is registered internally and then
routed to through the DMA engine, first through the control module, then into the programming
model/channel arbitration (pmodel_charb) module. In the next cycle, the channel arbitration is performed,
either using the fixed-priority or round-robin algorithm. After the arbitration is complete, the activated

channel number is sent through the address path (addr_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.addr 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 dma_engine.addr path.channel {x,y} registers.
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Figure 42. DMA operation, part 1
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In the second part of the basic data flow as shown in Figure 43, the modules associated with the data
transfer (addr_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 AMBA-AHB bus during the
destination write. This source read/destination write processing continues until the inner minor byte count
has been transferred. The dma ipd done[n] signal is asserted at the end of the minor byte count transfer.
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Figure 43. DMA operation, part 2

Once the inner minor byte count has been moved, the final phase of the basic data flow is performed. In
this segment, the addr path logic performs the required updates to certain fields in the channel’s TCD, e.g.,
saddr, daddr, citer. If the outer major iteration count is exhausted, then there are additional operations
which are 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
anew 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.
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Figure 44. DMA operation, part 3

7.4.3 DMA performance

This section addresses the performance of the DMA module, focusing on two separate metrics. In the
traditional data movement context, performance is best expressed as the peak data transfer rates achieved
using the DMA. In most implementations, this transfer rate is limited by the speed of the source and
destination address spaces. In a second context where device-paced movement of single data values
to/from peripherals is dominant, a measure of the requests which can be serviced in a fixed time is a more
interesting metric. In this environment, the speed of the source and destination address spaces remains
important, but the microarchitecture of the DMA also factors significantly into the resulting metric.

The peak transfer rates for several different source and destination transfers are shown in Table 43. The
following assumptions apply to Table 43 and Table 44:

e Platform SRAM can be accessed with zero wait-states when viewed from the AMBA-AHB data
phase
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» All IPS reads require two wait-states, and IPS writes three wait-states, again viewed from the
system bus data phase
* Al IPS accesses are 32 bits in size
Table 43 presents a peak transfer rate comparison, measured in megabytes per second. In this table, the
Platform SRAM-to-Platform SRAM transfers occur at the native platform datapath width, that is, either

32- or 64-bits per access. For all transfers involving the IPS bus, 32-bit transfer sizes are used. In all cases,
the transfer rate includes the time to read the source plus the time to write the destination.

Table 43. DMA peak transfer rates [MB/s]

Platform Speed, Platform SRAM-to- 32-bit IPS-to- Platform SRAM-to-
Width Platform SRAM Platform SRAM 32-bit IPS
66.7 MHz, 32-bit 133.3 66.7 53.3
66.7 MHz, 64-bit 266.7 66.6 53.3
83.3 MHz, 32-bit 166.7 83.3 66.7
83.3 MHz, 64-bit 333.3 83.3 66.7
100.0 MHz, 32-bit 200.0 100.0 80.0
100.0 MHz, 64-bit 400.0 100.0 80.0
133.3 MHz, 32-bit 266.7 133.3 106.7
133.3 MHz, 64-bit 533.3 133.3 106.7
150.0 MHz, 32-bit 300.0 150.0 120.0
150.0 MHz, 64-bit 600.0 150.0 120.0

The second performance metric is a measure of the number of DMA requests which can be serviced in a
given amount of time. For this metric, it is assumed the peripheral request causes the channel to move a
single IPS-mapped operand to/from the platform SRAM. The same timing assumptions used in the
previous example apply to this calculation. In particular, this metric also reflects the time required to
activate the channel. The DMA design supports the following hardware service request sequence:

* Cycle 1: ipd _req[n] is asserted

* Cycle 2: The ipd_req[n] is registered locally in the DMA module and qualified (TCD.start bit
initiated requests start at this point with the registering of the IPS write to TCD word7)

» Cycle 3: Channel arbitration begins

* Cycle 4: Channel arbitration completes. The transfer control descriptor local memory read is
initiated.

* Cycle 5 - 6: The first two parts of the activated channel’s TCD is read from the local memory. The
memory width to the DMA engine is 64 bits, so the entire descriptor can be accessed in four cycles.

* Cycle 7: The first AMBA-AHB read cycle is initiated, as the third part of the channel’s TCD is read
from the local memory. Depending on the state of the platform’s crossbar switch, arbitration at the
system bus may insert an additional cycle of delay here.

* Cycle 8 - ?: The last part of the TCD is read in. This cycle represents the 1st data phase for the read,
and the address phase for the destination write.
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The exact timing from this point is a function of the response times for the channel’s read and write
accesses. In this case of an IPS read and a platform SRAM write, the combined data phase time is
4 cycles. For an SRAM read and IPS write, it is 5 cycles.

Cycle 7+1: This cycle represents the data phase of the last destination write

Cycle 74+2: The DMA engine completes the execution of the inner minor loop and prepares to write
back the required TCDn fields into the local memory. TCD word7 is read and checked for channel
linking or scatter/gather requests.

Cycle 7+3: The appropriate fields in the first part of the TCDn are written back into the local
memory

Cycle ?7+4: The fields in the second part of the TCDn are written back into the local memory. This
cycle coincides with the next channel arbitration cycle start.

Cycle ?7+5: The next channel to be activated performs the read of the first part of its TCD from the
local memory. This is equivalent to Cycle 4 for the first channel’s service request.

Assuming zero wait states on the AHB system bus, DMA requests can be processed every 9 cycles.
Assuming an average of the access times associated with IPS-to-SRAM (4 cycles) and SRAM-to-IPS

(5 cycles), DMA requests can be processed every 11.5 cycles (4 + (4 +5) + 2 + 3). This is the time from
Cycle 4 to Cycle “?+5”. The resulting peak request rate, as a function of the platform frequency, is shown
in Table 44. This metric represents millions of requests per second.

Table 44. DMA peak request rate [MReq/s]

Platform speed Request rate Request rate
(zero wait state) (with wait states)
66.6 MHz 7.4 58
83.3 MHz 9.2 =2
100.0 MHz 11.1 87
133.3 MHz 148 16
150.0 MHz 16.6 30

A general formula to compute the peak request rate (with overlapping requests) is:

PEAKreq = freq + [entry + (1 + read_ws) + (1 + write_ws) + exit]

where:

PEAKTreq = peak request rate

freq = platform frequency

entry = channel startup (4 cycles)

read ws = wait states seen during the system bus read data phase
write_ ws = wait states seen during the system bus write data phase
exit = channel shutdown (3 cycles)

For example: consider a platform with the following characteristics:

Platform SRAM can be accessed with one wait-state when viewed from the AMBA-AHB data
phase
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» All IPS reads require two wait-states, and IPS writes three wait-states, again viewed from the
system bus data phase

» Platform operates at 150 MHz

For an SRAM to IPS transfer:

PEAKreq=150 MHz +[4 + (1 + 1)+ (1 +3) + 3] cycles = 11.5 Mreq/s
For an IPS to SRAM transfer:

PEAKreq= 150 MHz = [4 + (1 +2) + (1 + 1) + 3] cycles = 12.5 Mreq/s

Assuming an even distribution of the two transfer types, the average Peak Request Rate would be:
PEAKreq = (11.5 Mreq/s + 12.5 Mreq/s) + 2 = 12.0 Mreq/s

The minimum number of cycles to perform a single read/write, zero wait states on the system bus, from a
cold start (where no channel is executing, DMA is idle) are:

* 11 cycles for a software (TCD.start bit) request

* 12 cycles for a hardware (ipd_req signal) request
Two cycles account for the arbitration pipeline and one extra cycle on the hardware request resulting from
the internal registering of the ipd_req signals. For the peak request rate calculations above, the arbitration
and request registering is absorbed in or overlap the previous executing channel.

NOTE

When channel linking or scatter/gather is enabled, a two cycle delay is
imposed on the next channel selection and startup. This allows the link
channel or the scatter/gather channel to be eligible and considered in the
arbitration pool for next channel selection.

7.5 Initialization/application information

7.5.1 DMA initialization

A typical initialization of the DMA is:
1. Write the DMA_CR register if a configuration other than the default is desired.

2. Write the channel priority levels into the DMA CPRn registers if a configuration other than the
default is desired.

Enable error interrupts in the DMAEETI registers if so desired.
Write the 32 byte TCD for each channel that may request service.
Enable any hardware service requests via the DMAERQ register.

S kW

Request channel service by either software (setting the TCD.start bit) or by hardware (slave device
asserting its ipd_req signal).

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 will read the entire TCD for the selected
channel into its internal address path module. As the TCD is being read, the first transfer is initiated on the
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AHB bus unless a configuration error is detected. Transfers from the source (as defined by the source
address, TCD.saddr) to the destination (as defined by the destination address, TCD.daddr) continue until
the specified number of bytes (TCD.nbytes) have been transferred. When the transfer is complete, the
DMA engine's local TCD.saddr, TCD.daddr, and 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, i.e. interrupts, major loop channel linking, and scatter/gather operations, if enabled.

7.5.2 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 exception of two errors; Group
Priority Error and Channel Priority Error, GPE and CPE in the DMA ESR register respectively.

For all error types other than Group or Channel Priority Errors, the channel number causing the error is
recorded in the DMA_ESR register. If the error source is not removed before the next activation of the
problem channel, the error will be detected and recorded again.

The sequence listed below is correct. For item 2, the dma_ipd ack{done} lines will assert only if the
selected channel is requesting service via the ipd_req signal. I think the typical application will enable error
interrupts for all channels. So the user will get an error interrupt, but the channel number for the DMAERR
register and the error interrupt request line may be wrong because they reflect the selected channel.

Channel priority errors are identified within a group after that group has been selected as the active group.
For example:
1. The DMA is configured for fixed group and fixed channel arbitration modes.
Group3 is the highest priority and all channels are unique in that group.
Group2 is the next highest priority and has two channels with the same priority level.
If Group3 has any service requests, those requests will be executed.
Once all of Group3 requests have completed, Group2 will be the next active group.

A

If Group2 has a service request, then an undefined channel in Group2 will be selected and a channel
priority error will occur.

7. This will repeat until the all of Group2 requests have been removed or a higher priority Group3
request comes in.
A group priority error is global and any request in any group will cause a group priority error.

In general, if priority levels are not unique, the highest (channel/group) priority that has an active request
will be selected, but the lowest numbered (channel/group) with that priority will be selected by arbitration
and executed by the DMA engine. The hardware service request handshake signals, error interrupts and
error reporting will be associated with the selected channel.
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7.5.3 DMA arbitration mode considerations

7.5.3.1 Fixed group arbitration, fixed channel arbitration

In this mode, the channel service request from the highest priority channel in the highest priority group
will be selected to execute. If the DMA 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 DMA controller—that is, no other groups will 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.

Preemption is available in this scenario only.

7.5.3.2 Round-robin group arbitration, fixed channel arbitration

The occurrence of one or more DMA requests from one or more groups, the channel with the highest
priority from a specific group will be serviced first. Groups are serviced starting with the highest group
number with an service request and rotating through to the lowest group number containing a service
request.

Once the channel request is serviced, the group round robin algorithm will select 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 just 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
will always be serviced before lower priority channels in the same group, and thus the lower priority
channels will never be serviced.

The advantage of this scenario is that no one group uses all the DMA 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.

7.5.3.3 Round-robin group arbitration, round-robin channel arbitration

Groups will be serviced as described in Section 7.5.3.2, “Round-robin group arbitration, fixed channel
arbitration, but this time channels will be serviced in channel number order. Only one channel 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 will not
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prevent the servicing of other channels in its group. Any DMA requests that are not serviced are simply
lost, but at least one channel will be serviced.

This scenario ensures that all channels will be guaranteed service at some point, regardless of the request
rates. However, the potential latency could be quite high.

All channels are treated equally. Priority levels are not used in round robin/round robin mode.

7.5.3.4 Fixed group arbitration, round-robin channel arbitration

The highest priority group with a request will be serviced. Lower priority groups will be 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 7.5.3.1,
“Fixed group arbitration, fixed channel arbitration, but all the channels in the highest priority group will
be serviced.

Service latency will be short on the highest priority group, but can become much longer as the group
priority decreases.

7.5.4 DMA transfer

7.5.41 Single request

To perform a simply transfer of ‘n’ bytes of data with one activation, set the major loop to one
(TCD.citer = TCD.biter = 1). The data transfer will begin after the channel service request is
acknowledged and the channel is selected to execute. Once the transfer is complete, the TCD.done bit will
be set and an interrupt will be generated if properly enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The DMA 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.

TCD.citer = TCD.biter = 1
TCD.nbytes = 16
TCD.saddr = 0x1000
TCD.soff =1

TCD.ssize =0

TCD.slast =-16
TCD.daddr = 0x2000
TCD.doff =4
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TCD.dsize =2

TCD.dlast sga=-16

TCD.int maj =1

TCD.start = 1 (TCD.word7 should be written last after all other fields have been initialized)
All other TCD fields = 0

This generates the following sequence of events:
1. TIPS write to the TCD.start bit requests channel service
The channel is selected by arbitration for servicing
DMA engine writes: TCD.done = 0, TCD.start = 0, TCD.active = 1
DMA engine reads: channel TCD data from local memory to internal register file

A

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) — first iteration of the minor loop

c) read byte(0x1004), read byte(0x1005), read byte(0x1006), read byte(0x1007)
d) write_ word(0x2004) — second iteration of the minor loop

e) read byte(0x1008), read byte(0x1009), read byte(0x100a), read byte(0x100b)
f) write_word(0x2008) — third iteration of the minor loop

g) read byte(0x100c), read byte(0x100d), read byte(0x100e), read byte(0x100f)
h) write_ word(0x200c) — last iteration of the minor loop — major loop complete
6. DMA engine writes: TCD.saddr = 0x1000, TCD.daddr = 0x2000, TCD.citer = 1 (TCD.biter)
7. DMA engine writes: TCD.active = 0, TCD.done = 1, DMAINT[n] = 1

8. The channel retires

The DMA goes idle or services next channel.

7.5.4.2 Multiple requests

The next example is the same as the previous example, with the exception of transferring 32 bytes via two
hardware requests. The only fields that change are the major loop iteration count and the final address
offsets. The DMA is programmed for two iterations of the major loop transferring 16 bytes per iteration.
After the channel’s hardware requests is enabled in the DMAERQ register, channel service requests are
initiated by the slave device.

TCD.citer = TCD.biter =2
TCD.slast =-32
TCD.dlast_sga =-32

This would generate the following sequence of events:
1. First hardware (ipd req) request for channel service
2. The channel is selected by arbitration for servicing
3. DMA engine writes: TCD.done = 0, TCD.start = 0, TCD.active = 1
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4. DMA engine reads: channel TCD data from local memory to internal register file
5. 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) — first iteration of the minor loop
c) read byte(0x1004), read byte(0x1005), read byte(0x1006), read byte(0x1007)
d) write_word(0x2004) — second iteration of the minor loop
e) read byte(0x1008), read byte(0x1009), read byte(0x100a), read byte(0x100b)
f) write_word(0x2008) — third iteration of the minor loop
g) read byte(0x100c), read byte(0x100d), read byte(0x100e), read byte(0x100f)
h) write word(0x200c) — last iteration of the minor loop
6. DMA engine writes: TCD.saddr = 0x1010, TCD.daddr = 0x2010, TCD.citer = 1
7. DMA engine writes: TCD.active =0
8. The channel retires — one iteration of the major loop

The DMA goes idle or services next channel.
9. Second hardware (ipd_req) requests channel service
10. The channel is selected by arbitration for servicing
11. DMA engine writes: TCD.done = 0, TCD.start = 0, TCD.active = 1
12. DMA engine reads: channel TCD data from local memory to internal register file
13. 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) — first iteration of the minor loop
c) read byte(0x1014), read byte(0x1015), read byte(0x1016), read byte(0x1017)
d) write_word(0x2014) — second iteration of the minor loop
e) read byte(0x1018), read byte(0x1019), read byte(0x101a), read byte(0x101b)
f) write_word(0x2018) — third iteration of the minor loop
g) read byte(0x101c), read byte(0x101d), read byte(0x101e), read byte(0x101f)
h) write word(0x201c) — last iteration of the minor loop — major loop complete
14. DMA engine writes: TCD.saddr = 0x1000, TCD.daddr = 0x2000, TCD.citer = 2 (TCD.biter)
15. DMA engine writes: TCD.active = 0, TCD.done = 1, DMAINT[n] = 1
16. The channel retires — major loop complete

The DMA goes idle or services the next channel.

7.5.5 TCD status

7.5.5.1 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 TCD.citer field and test for a change. Another method may be extracted
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from the sequence shown below. The second method is to test the TCD.start bit AND the TCD.active bit.
The minor loop complete condition is indicated by both bits reading zero after the TCD.start was written
to a one. Polling the 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. TCD.start =1, TCD.active = 0, TCD.done = 0 (channel service request via software)
. TCD.start = 0, TCD.active = 1, TCD.done = 0 (channel is executing)
3. TCD.start = 0, TCD.active = 0, TCD.done = 0 (channel has completed the minor loop and is idle)
or
TCD.start = 0, TCD.active = 0, 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 the TCD.citer field 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:
1. ipd req asserts (channel service request via hardware)
. TCD.start = 0, TCD.active = 1, TCD.done = 0 (channel is executing)
3. TCD.start = 0, TCD.active = 0, TCD.done = 0 (channel has completed the minor loop and is idle)
or
TCD.start = 0, TCD.active = 0, 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 the TCD.done bit.

The TCD.start bit is cleared automatically when the channel begins execution regardless of how the
channel was activated.

7.5.5.2 Active channel TCD reads

The DMA will read back the 'true' TCD.saddr, TCD.daddr, and TCD.nbytes values if read while a channel
is executing. The 'true' values of the saddr, daddr, and nbytes are the values the DMA 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.

7.5.5.3 Preemption status

Preemption is only available when fixed arbitration is selected for hoth group and channel arbitration
modes. A preempt-able situation is one in which a preempt-enabled channel is running and a higher
priority request becomes active. When the DMA 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/or group priorities are treated as equal (constantly rotating) when
round-robin arbitration mode is selected.
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The TCD.active bit for the preempted channel remains asserted throughout the preemption. The preempted
channel is temporarily suspended while the preempting channel executes one iteration of the major loop.
Two TCD.active bits set at the same time in the overall TCD map indicates a higher priority channel is
actively preempting a lower priority channel.
The worst case latency when switching to a preempt channel is the summation of:

 arbitration latency (2 cycles)

» bandwidth control stalls (if enabled)

» the time to execute two read/write sequences (including AHB bus holds; a system dependency
driven by the slave devices or the crossbar)

7.5.6 Channel linking

Channel linking (or chaining) is a mechanism where one channel sets the TCD.start bit of another channel
(or itself) thus initiating a service request for that channel. This operation is automatically performed by
the DMA 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). The TCD.citer.e link field are used to determine whether a minor loop link is requested. When
enabled, the channel link is made after each iteration of the major loop except for the last. When the major
loop is exhausted, only the major loop channel link fields are used to determine if a channel link should be
made. For example, with the initial fields of:

TCD.citer.e link=1
TCD.citer.linkch = 0xC
TCD.citer value = 0x4
TCD.major.e link =1
TCD.major.linkch = 0x7

will execute as:
1. minor loop done — set channel 12 TCD.start bit
2. minor loop done — set channel 12 TCD.start bit
3. minor loop done — set channel 12 TCD.start bit
4. minor loop done, major loop done — set channel 7 TCD.start bit

When minor loop linking is enabled (TCD.citer.e link = 1), the TCD.citer field uses a nine bit vector to
form the current iteration count.

When minor loop linking is disabled (TCD.citer.e link = 0), the TCD.citer field uses a 15-bit vector to
form the current iteration count. The bits associated with the TCD.citer.linkch field are concatenated onto
the citer value to increase the range of the citer.

NOTE

The TCD.citer.e_link bit and the TCD.biter.e_link bit must equal or a
configuration error will be reported. The citer and biter vector widths must
be equal to calculate the major loop, half-way done interrupt point.
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7.5.7 Dynamic programming

This section provides recommended methods to change the programming model during channel execution.

7.5.71 Dynamic priority changing
The following two options are recommended for dynamically changing channel priority levels:

1. Switch to round-robin channel arbitration mode, change the channel priorities, then switch back to
fixed arbitration mode.

2. Disable all the channels within a group, then change the channel priorities within that group only,
then enable the appropriate channels.
The following two options are available for dynamically changing group priority levels:

1. Switch to round-robin group arbitration mode, change the group priorities, then switch back to
fixed arbitration mode.

2. Disable ALL channels, change the group priorities, then enable the appropriate channels.

7.5.7.2 Dynamic channel linking and dynamic scatter/gather

Dynamic channel linking and dynamic scatter/gather is the process of changing the TCD.major.e_link or
TCD.e_sg bits during channel execution. These bits are read from the TCD local memory at the end of
channel execution thus allowing the user to enable either 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 DMA engine is 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 following coherency model is recommended when executing a dynamic channel link or dynamic
scatter/gather request:
1. Set the TCD.major.e link bit.
2. Read back the TCD.major.e_link bit.
3. Test the TCD.major.e link request status:
a) If the bit is set, the dynamic link attempt was successful.
b) Ifthe bit is cleared, the attempted dynamic link did not succeed, the channel was already
retiring.

This same coherency model is true for dynamic scatter/gather operations. For both dynamic 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 after that channel’s TCD.done bit is set indicating the major loop is complete.

NOTE

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 DMA
engine after a channel begins execution.
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7.5.8

Hardware request release timing

This section provides a timing diagram for deasserting the ipd req hardware request signal. Figure 45
shows two read write sequences with grey indicating the release of the ipd req hardware request signal.

helk | | ]

LT ]

htrans 4( ’ ’ )

AHB_AP 4{ rd1 X wri X rd2 X wr2 )

AHB DP; ( rd1 X wri X rd2 X wr2 }

hwrite JI/—\ |
ipd_req ! ’ ’ ’

ipd_ done

ipd_ack —/—\ | | ' ( : :

done_lw ¢

ipd_complete:

A

Note: ipd_req must de-assert in this cycle unless another service request is intended.

Figure 45. ipd_req hardware handshake
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Chapter 8

Multi-Layer AHB Crossbar Switch (XBAR)

8.1

8.1.1

Introduction

Overview

This section provides an overview of the multi-layer AHB crossbar switch (XBAR). The purpose of the
XBAR is to concurrently support simultaneous connections between master ports and slave ports. The

XBAR supports a 32-bit address bus width. Only a single data bus width is supported throughout the

design, thus, all master and slave ports have the same data bus width.

The XBAR has four master ports and four slave ports. Figure 46 shows a block diagram of the XBAR.

€200z335 core
instruction (MO)

eDMA (M1)

unused (M2)

€200z335 core
load/store and

core Nexus (M4)

Crossbar Switch

A

A

v

Master modules

Slave modules

Flash (S0)

CAL (S1)

SRAM (S3)

Peripheral
Bridge (S7)

Table 45 shows the port mappings.

Figure 46. XBAR device-specific block diagram

Table 45. Master / Slave connections

XBAR port Module Master ID
Master O 2002335 core instruction 0
Master 1 eDMA 2
Master 2 unused —
Master 4 2002335 core Load/Store 0

€200z335 core Nexus 1
Slave 0 Flash memory —
Slave 1 Calibration bus —
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Table 45. Master / Slave connections (continued)

XBAR port Module Master ID
Slave 3 SRAM —
Slave 7 Peripheral bridge —

8.1.2 Features

The XBAR has the ability to gain control of all the slave ports and prevent any masters from making
accesses to the slave ports. This feature is useful for turning off the clocks to the system and ensuring that
no bus activity will be interrupted.

The XBAR can put each slave port into a low power park mode so that the slave port will not dissipate any
power transitioning address, control or data signals when not being actively accessed by a master port.

Each slave port can also support multiple master priority schemes—the user can dynamically change
master priority levels on a slave port by slave port basis.

The XBAR allows concurrent transactions to occur from any master port to any slave port. It is possible

for all master ports and slave ports to be in use at the same time as a result of independent master requests.
If a slave port is simultaneously requested by more than one master port, arbitration logic will select the

higher priority master and grant it ownership of the slave port. All other masters requesting that slave port
will stalled until the higher priority master completes its transactions.

The XBAR has a 32-bit internal address bus and a 64-bit internal data bus.

8.1.3 Limitations

The XBAR routes bus transactions initiated on the master ports to the appropriate slave ports. There is no
provision included to route transactions initiated on the slave ports to other slave ports or to master ports.
Simply put, the slave ports do not support the bus request/bus grant protocol; the XBAR assumes it is the
sole master of each slave port.

8.1.4 General operation

When a master makes an access to the XBAR the access will be immediately taken by the XBAR. If the
targeted slave port of the access is available then the access will be immediately presented on the slave
port. It is possible to make single clock (zero wait state) accesses through the XBAR. If the targeted slave
port of the access is busy or parked on a different master port the requesting master will simply see wait
states inserted until the targeted slave port can service the master’s request. The latency in servicing the
request depends on each master’s priority level and the responding peripheral’s access time.

Since the XBAR appears to be just another slave to the master device, the master device will have no
knowledge of whether or not it actually owns the slave port it is targeting. While the master does not have
control of the slave port it is targeting it will simply be wait stated.

A master is given control of the targeted slave port only after a previous access to a different slave port has
completed, regardless of its priority on the newly targeted slave port. This prevents deadlock from
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occurring when a master has an outstanding request to one slave port that has a long response time, has a
pending access to a different slave port, and a lower priority master is also making a request to the same
slave port as the pending access of the higher priority master.

Once the master has control of the slave port it is targeting, the master remains in control of that slave port
until it gives up the slave port by running an IDLE cycle or by leaving that slave port for its next access.
The master could also lose control of the slave port if another higher priority master makes a request to the
slave port; however, if the master is running a locked or fixed length burst transfer it retains control of the
slave port until that transfer is completed.

The XBAR will terminate all master IDLE transfers (as opposed to allowing the termination to come from
one of the slave busses). Additionally, when no master is requesting access to a slave port the XBAR will
drive IDLE transfers onto the slave bus, even though a default master may be granted access to the slave
port.

When a slave bus is being IDLEd by the XBAR it can park the slave port on the master port indicated by
the PARK bits in the SGPCR (Slave General Purpose Control Register). This can be done in an attempt to
save the initial clock of arbitration delay that would otherwise be seen if the master had to arbitrate to gain
control of the slave port. The slave port can also be put into low power park mode in attempt to save power.

8.2 XBAR registers

This section provides information on XBAR registers.

8.2.1 Register summary

There are two registers that reside in each slave port of the XBAR. These registers are IP bus compliant
registers. Read and write transfers both require two IP bus clock cycles. The registers can only be read
from and written to in supervisor mode. Additionally, these registers can only be read from or written to
by 32-bit accesses.

The registers are fully decoded and an error response is returned if an unimplemented location is accessed
within the XBAR.

The slave registers also feature a bit, which when written with a 1, will prevent the registers from being
written to again. The registers will still be readable, but future write attempts will have no effect on the
registers and will be terminated with an error response.

The memory map for the XBAR program-visible registers is shown in Table 46.

Table 46. XBAR register configuration summary

XBAR base offset Register | Location Use
XBAR_Base (0xFFF0_4000) MPRO on page |Master Priority Register for Slave port 0
200
XBAR_Base + 0x004 — XBAR_Base + 0x00F — — Reserved
XBAR_Base + 0x010 SGPCRO | on page |General Purpose Control Register for Slave port 0
202
XBAR_Base + 0x014 — XBAR_Base + OxOFF = = Reserved
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Table 46. XBAR register configuration summary (continued)

XBAR base offset Register | Location Use

XBAR_Base + 0x100 MPR1 on page |Master Priority Register for Slave port 1
200

XBAR_Base + 0x104 — XBAR_Base + 0x10F = = Reserved

XBAR_Base + 0x110 SGPCR1 | onpage |General Purpose Control Register for Slave port 1
202

XBAR_Base + 0x114 — XBAR_Base + 0X2FF = = Reserved

XBAR_Base + 0x300 MPR3 on page |Master Priority Register for Slave port 3
200

XBAR_Base + 0x304 — XBAR_Base + 0x30F = = Reserved

XBAR_Base + 0x310 SGPCR3 | on page |General Purpose Control Register for Slave port 3
202

XBAR_Base + 0x214 — XBAR_Base + 0X6FF = = Reserved

XBAR_Base + 0x700 MPR?7 on page |Master Priority Register for Slave port 7
200

XBAR_Base + 0x704 — XBAR_Base + 0X70F = = Reserved

XBAR_Base + 0x710 SGPCR7 | on page |General Purpose Control Register for Slave port 7
202

XBAR_Base + 0x714 — XBAR_Base + 0XF03 = = Reserved

8.2.2 XBAR register descriptions
The following paragraphs provide detailed descriptions of the various XBAR registers.

Refer to Figure 47 for the various bit configurations that appear in the register maps.

Always| 1 | Always| 0 |R/W |BIT'| Read-|BIT'| Write- Write 1| BIT! | Self-clear| 0 | N/A
reads 1 reads 0 bit only bit only bit BIT' | to clear wic bit BIT'

Figure 47. Key to register fields

NOTES:
T “BIT” refers to a field name in the register. Some fields span multiple bits.

8.2.2.1 Master Priority Register (XBAR_MPRN)

The Master Priority Register (MPR) resides in each slave port and sets the priority of each master port on
a per slave port basis, e.g., MPRO sets priority for each master port for slave port 0.
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MPRO: Address: XBAR_Base (0xFFF0_4000) + 0x0000 Access: Supervisor

MPRS3: Address: XBAR_Base (0xFFF0_4000) + 0x0300

(

MPR1: Address: XBAR_Base (0xFFF0_4000) + 0x0100
(
(

MPR7: Address: XBAR_Base (0xFFF0_4000) + 0x0700

1 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 MSTR4
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

16 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 3

R| O 0 0 0 0 MSTR2 0 MSTR1 0 MSTRO

w
Reset 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0

= not implemented
Figure 48. Master Priority Register (XBAR_MPRn)
Table 47. XBAR Master Priority Register field descriptions

Field Description

0-11 Reserved

12 Reserved

This bit is reserved for future expansion. It is read as zero and should be written with zero for upward
compatibility.

13-15 Master 4 Priority

MSTR4 |These bits set the arbitration priority for master port 4 (€200z335 core Load/Store and e200z335 core
Nexus) on the associated slave port.
These bits are initialized by hardware reset. The reset value is 011.
000 This master has the highest priority when accessing the slave port.
111 This master has the lowest priority when accessing the slave port.

16-19 Reserved

20 This bit is reserved for future expansion. It is read as zero and should be written with zero for upward

compatibility.

21-23 Master 2 Priority

MSTR2 |These bits set the arbitration priority for master port 2 (unused) on the associated slave port.

These bits are initialized by hardware reset. The reset value is 010.
000 This master has the highest priority when accessing the slave port.

111 This master has the lowest priority when accessing the slave port.

MPC5634M Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

201



Table 47. XBAR Master Priority Register field descriptions (continued)

Field Description

24 Reserved
This bit is reserved for future expansion. It is read as zero and should be written with zero for upward
compatibility.

25-27 |Master 1 Priority
MSTR1 |These bits set the arbitration priority for master port 1 (eDMA) on the associated slave port.

These bits are initialized by hardware reset. The reset value is 001.
000 This master has the highest priority when accessing the slave port.

111 This master has the lowest priority when accessing the slave port.

28 Reserved
This bit is reserved for future expansion. It is read as zero and should be written with zero for upward
compatibility.

29-31 Master O Priority

MSTRO |These bits set the arbitration priority for master port 0 (€200z4 core instruction bus) on the associated
slave port.

These bits are initialized by hardware reset. The reset value is 000.

000 This master has the highest priority when accessing the slave port.

111 This master has the lowest priority when accessing the slave port.

The Master Priority Register can only be accessed in supervisor mode with 32-bit accesses. Once the RO
(Read Only) bit has been set in the slave General Purpose Control Register the Master Priority Register
can only be read from, attempts to write to it will have no effect on the MPR and result in an error response.

NOTE

No two available master ports may be programmed with the same priority
level. Attempts to program two or more available masters with the same
priority level will result in an error response and the MPR will not be
updated.

8.2.2.2 Slave General Purpose Control Register (XBAR_SGPCRN)
The Slave General Purpose Control Register (SGPCR) controls several features of each slave port.

The Read Only (RO) bit will prevent any registers associated with this slave port from being written to
once set. This bit may be written with ‘0’ as many times as the user desires, but once it is written to a ‘1’
only a reset condition will allow it to be written again.

The PCTL bits determine how the slave port will park when no master is actively making a request. The
available options are to park on the master defined by the PARK bits, park on the last master to use the

slave port, or go into a low power park mode which will force all the outputs of the slave port to inactive
states when no master is requesting an access. The low power park feature can result in an overall power
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savings if a the slave port is not saturated; however, it will force an extra clock of latency whenever any
master tries to access it when it is not in use because it will not be parked on any master.

The PARK bits determine which master the slave will park on when no master is making an active request.
Please use caution to only select master ports that are actually present in the design. If the user programs
the PARK bits to a master not present in the current design implementation undefined behavior will result.

NOTE

The SGPCR can only be accessed in supervisor mode with 32-bit accesses.
Once XBAR SGPCR[RO] has been set, the SGPCR can only be read;
attempts to write to it will have no effect on the SGPCR and result in an error
response.

SGPCRO0: Address: XBAR_Base + 0X0010 + 0x0000 (OxFFF0_4010) Access: Supervisor
SGPCR1: Address: XBAR_Base + 0X0010 + 0x0100 (OxFFF0_4110)
SGPCR3: Address: XBAR_Base + 0X0010 + 0x0300 (OxFFF0_4310)
SGPCR7: Address: XBAR_Base + 0X0010 + 0x0700 (OxFFF0_4710)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| RO | HLP 0 0 0 0 0 0 0 0 0 | 0 | Y e
o o o o
w I T I T
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
Rl O 0 0 0 0 0 0 0 0
ARB PCTL PARK
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= not implemented
Figure 49. Slave General Purpose Control Register (XBAR_SGPCRn)
Table 48. XBAR Slave General Purpose Control Register field descriptions
Field Description
0 Read Only
RO This bit is used to force all of a slave port’s registers to be read only. Once written to ‘1’ it can only be

cleared by hardware reset.
This bit is initialized by hardware reset. The reset value is 0.
0 All this slave port’s registers can be written.

1 All this slave port’s registers are read only and cannot be written (attempted writes have no effect and
result in an error response).
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Table 48. XBAR Slave General Purpose Control Register field descriptions (continued)

Field Description

1 Halt Low Priority
HLP This bit is used to set the initial arbitration priority of the max_halt_request input.

This bit is initialized by hardware reset. The reset value is 0.

0 The max_halt_request input has the highest priority for arbitration on this slave port
1 The max_halt_request input has the lowest initial priority for arbitration on this slave port.

2-10 |Reserved
These bits are reserved for future expansion. They read as zero and should be written with zero for
upward compatibility.

11-15 |High Priority Enable
HPEx |These bits are used to enable the mX_high_priority inputs for the respective master.

These bits are initialized by hardware reset. The reset value is 0.

0 The mX_high_priority input is disabled on this slave port
1 The mX_high_priority input is enabled on this slave port.

16-21 |Reserved
These bits are reserved for future expansion. They are read as zero and should be written with zero for
upward compatibility.

22-23 |Arbitration Mode
ARB  |These bits are used to select the arbitration policy for the slave port.

These bits are initialized by hardware reset. The reset value is 00.

00 Fixed Priority

01 Round-Robin (rotating) Priority
10 Reserved

11 Reserved

24-25 |Reserved
These bits are reserved for future expansion. They are read as zero and should be written with zero for
upward compatibility.

26-27 |Parking Control
PCTL |These bits determine the parking control used by this slave port.

These bits are initialized by hardware reset. The reset value is 00.

00 When no master is making a request the arbiter will park the slave port on the master port defined by
the PARK bit field.

01 When no master is making a request the arbiter will park the slave port on the last master to be in
control of the slave port.

10 When no master is making a request the arbiter will park the slave port on no master and will drive
all outputs to a constant safe state.

11 Reserved

28 Reserved
This bit is reserved for future expansion. It is read as zero and should be written with zero for upward
compatibility.
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Table 48. XBAR Slave General Purpose Control Register field descriptions (continued)

Field Description

29-31 |PARK
PARK |These bits are used to determine which master port this slave port parks on when no masters are actively
making requests and the PCTL bits are set to 00.

These bits are initialized by hardware reset. The reset value is 000.

000 Park on Master Port 0 (€200z335 core instruction)

001 Park on Master Port 1 (eDMA)

010 Park on Master Port 2 (unused)

011 Reserved

100 Park on Master Port 4 (€200z335 core Load/Store and Nexus)
101 Reserved

110 Reserved

111 Reserved

8.2.3 Coherency

Since the content of the registers has a real time effect on the operation of the XBAR it is important for the
user to understand that any register modifications take effect as soon as the register is written. The values
of the registers do not track with slave port related AHB accesses but instead track only with IP bus
accesses.

8.3 Function

This section describes in more detail the functionality of the XBAR.

8.3.1 Arbitration

The XBAR supports two arbitration schemes: a simple fixed-priority comparison algorithm and a simple
round-robin fairness algorithm. The arbitration scheme is independently programmable for each slave
port.

8.3.1.1 Fixed priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level in the MPR (Master
Priority Register). If two masters both request access to a slave port the master with the highest priority in
the selected priority register will gain control over the slave port.

Any time a master makes a request to a slave port the slave port checks to see if the new requesting master’s
priority level is higher than that of the master that currently has control over the slave port (unless the slave
port is in a parked state). The slave port does an arbitration check at every clock edge to ensure that the
proper master (if any) has control of the slave port.

If the new requesting master’s priority level is higher than that of the master that currently has control of
the slave port the new requesting master will be granted control over the slave port at the next clock edge.
The exception to this rule is if the master that currently has control over the slave port is running a fixed
length burst transfer or a locked transfer. In this case the new requesting master will have to wait until the
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end of the burst transfer or locked transfer before it will be granted control of the slave port. If the master
is running an undefined length burst transfer the new requesting master must wait until an arbitration point
for the undefined length burst transfer before it will be granted control of the slave port. Arbitration points
for an undefined length burst are defined in the MGPCR for each master.

If the new requesting master’s priority level is lower than that of the master that currently has control of
the slave port the new requesting master will be forced to wait until the master that currently has control
of the slave port either runs an IDLE cycle or runs a non IDLE cycle to a location other than the current
slave port.

8.3.1.2 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on the master
number. This relative priority is compared to the ID of the last master to perform a transfer on the slave bus.
The highest priority requesting master will become owner of the slave bus as the next transfer boundary
(accounting for locked and fixed-length burst transfers). Priority is based on how far ahead the ID of the
requesting master is to the ID of the last master (ID is defined by master port number).

Once granted access to a slave port, a master may perform as many transfers as desired to that port until
another master makes a request to the same slave port. The next master in line will be granted access to
the slave port if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the XBAR is implemented with master ports 0,
1, 4 and 5. If the last master of the slave port was master 1, and master 0, 4 and 5 make simultaneous
requests, they will be serviced in the order 4, 5 and then 0.

Parking may still be used in a round-robin mode, but will not affect the round-robin pointer unless the
parked master actually performs a transfer. Handoff occurs to the next master in line after one cycle of
arbitration. If the slave port is put into low power park mode the round-robin pointer is reset to point at
master port 0, giving it the highest priority.

8.3.1.3 Parking

If no master is currently requesting the slave port, the slave port is parked. The slave port parks in one of
three places, indicated by the value of field XBAR SGPCR[PCTL].

» If park-on-specific master mode is selected, the slave port parks on the master designated by the
PARK field. When the master accesses the slave port again, a one clock arbitration penalty is
incurred only for an access request made by another master port to the slave port. No other
arbitration penalties are incurred. All other masters pay a one clock penalty.

» If park-on-last (POL) mode is selected, then the slave port parks on the last master to access it,
passing that master’s signals through to the slave bus. When the master accesses the slave port
again, no other arbitration penalties are incurred except that a one clock arbitration penalty is
incurred for each access request to the slave port made by another master port. All other masters
pay a one clock penalty.

» If the low-power-park (LPP) mode is selected, then the slave port enters low-power park mode. It
is not under control by any master and does not transmit any master signals to the slave bus. All
slave bus activity halts because all slave bus signals are not toggling. This saves power if the slave
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port is not used for some time. However, when a master does make a request to a slave port parked
in low-power-park, a one clock arbitration delay is incurred to get ownership of the slave port.

8.3.2 Priority assignment

Each master port needs to be assigned a unique 3-bit priority level. If an attempt is made to program
multiple master ports with the same priority level within a register (MPR) the XBAR will respond with an
error and the registers will not be updated.
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Chapter 9
Peripheral Bridge (PBRIDGE)

9.1 Introduction

The Peripheral Bridge (PBRIDGE) provides an interface between the system crossbar switch bus and the
lower-bandwidth peripheral bus.

NOTE

A single MMU entry can support all of the on-chip peripherals on the
MPC5634M devices if the “Peripheral Bridge A” peripherals are addressed
just below the “Peripheral Bridge B” address space. This can save one
MMU entry of the 16 available on the device. There is actually only one
peripheral bridge on the device.

9.2 PBRIDGE features
The PBRIDGE:

* Is only meant for slave peripherals

» Supports 32-bit IPS peripherals (byte, halfword, and word reads and write are supported to each)
* Supports a pair of IPS accesses for 64-bit fetches

9.3 PBRIDGE block diagram

The PBRIDGE is the interface between the system bus interface and on-chip peripherals as shown in
Figure 50.
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Figure 50. PBRIDGE interface
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9.4 PBRIDGE signal description
The PBRIDGE has no external signals.

9.5 PBRIDGE functional description

The PBRIDGE functions as a protocol translator. Support is provided for generating a pair of 32-bit slave
bus instruction accesses (not data accesses) when targeted by a 64-bit system bus access.

Accesses which fall within the address space of the PBRIDGE are decoded to provide individual module
selects for peripheral devices.

9.5.1 Read cycles

Two clock read accesses are possible with the PBRIDGE when the requested access size is 32 bits or
smaller, and is not misaligned across a 32-bit boundary. If the requested instruction access size is 64 bits,
then a minimum of three clocks are required to complete the access. Misaligned read accesses are not
supported. 64-bit data reads (not instruction) are not supported.

9.5.2 Write cycles

Three clock write accesses are possible with the PBRIDGE when the requested access size is 32 bits or
smaller, and is not misaligned across a 32-bit boundary. Misaligned writes that do not cross a 32-bit
boundary are supported. 64-bit data writes (not instruction) are not supported.

9.6 PBRIDGE registers

The PBRIDGE does not contain any user-programmable registers.
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Chapter 10
C90LC Flash Memory

10.1 Overview

Flash memory on MPC5634M devices consists of a flash controller and up to three flash memory array
modules. The configuration depends on the specific device, but all devices have one controller and at least
two array modules arranged in two banks. Figure 51 shows the architecture.

Recall from the MPC5634M block diagram that the Multilayer AHB Crossbar switch (XBAR) controls
data flow between three master ports (CPU instruction, CPU data, and DMA) and four slave ports
(External Bus Interface (EBI), flash memory, SRAM, and the peripheral bus). The flash controller is the
interface between the memory modules and the XBAR.

NOTE

Throughout this document the Multilayer AHB Crossbar switch is variously
referred to as XBAR, AHB Crossbar, AHB, or AMBA-AHB port. The
terms are interchangeable.

XBAR
Flash controller %64
4 x 128-bit

It is important to understand buffers

this architecture. shared by

The terms “Bank0”, “Bank1”, both banks

“Array0”, “Array1” and

“Array2” are used Bank0 Bank1

throughout this chapter in

explaining device flash

operation and how to 128 128

control it. r="—-— == = = — — — 1
I I

Array0 | Array1 Array2 |

I I
I I
| Arrays connected in parallel |
| appear as single contiguous |
! array !
L - - - |

Figure 51. MPC5634M flash block diagram

It is important to note the differences in memory configuration among the devices.

* Devices with 1.5 MB of flash memory are configured as shown Figure 51. The memory addresses
are contiguous.
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* Devices with 1 MB of flash memory have Array0 and Arrayl only. There is no Array2. The
memory addresses are contiguous.

* Devices with 768 KB of memory have Array0 and Array1l only. There is no Array2. The memory

addresses are NOT contiguous. The address range uses the first 256 KB of Array0 and all of
Arrayl.

Accessing read-only flash configuration information and controlling device flash behavior are
accomplished using the flash control registers described later in this chapter. The flash controller and each
flash array module have control registers.

» Changes to flash controller register values are global in nature—they affect flash behavior at the
controller level.

» Changes to flash array module control register values affect only the behavior and configuration of
the flash array they are attached to.
Read-While-Write (RWW) is supported between banks.

The remaining sections of this chapter give the functional details of the flash controller and flash arrays,
followed by the memory maps and register descriptions.

You should have a clear understanding of at least the overview sections before attempting to program
software to configure the flash controller or flash array modules.

10.2 Platform flash memory controller (PFLASH_LCA)

10.2.1 Overview

The flash controller (see Figure 51), also called PFLASH_LCA, supports a 64-bit data bus width at the
AHB port and connections to 128-bit read data interfaces from two memory banks, where each bank
contains one (or more) flash memory array modules.

The flash controller contains a four-entry page buffer, each entry containing 128 bits of data (one flash
page) plus an associated prefetch controller that prefetches sequential lines of data from the flash array into
the buffer. Page buffer hits support zero-wait AHB data phase responses. AHB read requests which miss
the buffers generate the needed flash array access and data is forwarded to the AHB upon completion,
typically incurring three wait-states at the maximum operating frequency.

The controller is optimized for applications where a cacheless processor core, €.g., the €200z335, is
connected to on-chip memories where the processor and platform operate at the same frequency. For these
applications, the 2-stage pipeline AMBA-AHB system bus is effectively mapped directly into stages of the
processor’s pipeline and zero wait-state responses for most memory accesses is critical for providing an
acceptable level of system performance.

10.2.2 Features

The following list summarizes the key features of the Platform Flash Controller:

* 2 flash memory bank interfaces
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» Single AHB port interface supports a 64-bit data bus. All AHB aligned and unaligned reads within
the 64-bit container are supported. Only aligned word or doubleword writes are supported. !

» Array interfaces support a 128-bit read data bus and a 64-bit write data bus for each bank

* 4 page read buffers, each holding 128 bits of flash data, support single-cycle read responses (zero
AHB data phase wait-states) on hits. The buffers implement a least-recently-used replacement
algorithm to maximize performance.

* Bank interfaces provide configurable read buffering and page prefetch support, operating either as
global control or separate per bank control

»  Support of address-based read access timing for emulation of other memory types
» Support for reporting of single- and multi-bit flash ECC events

* Hardware interface to the 2 flash banks includes the required address decode and control for all 3
memory arrays.

10.2.3 Detailed description

The flash controller generates read and write enables, flash array address, write size, and write data as
inputs to the flash array. It also captures read data from the flash array interface and drives it onto the AHB.
Up to four pages of data (128-bit width) are buffered by the controller. Lines may be prefetched in advance
of being requested by the AHB interface, allowing single-cycle (zero AHB wait-states) read data responses
on buffer hits.

Several prefetch control algorithms are available for controlling page read buffer fills. Prefetch triggering
may be restricted to instruction accesses only, data accesses only, or may be unrestricted. Prefetch
triggering may also be controlled on a per-AHB-master-port basis.

Buffers may also be selectively enabled or disabled for allocation by instruction and data prefetch.

Access protections may be applied on a per-AHB-master-port basis for both reads and writes to support
security and privilege mechanisms.

NOTE

Throughout this discussion, there are references to fields that control
prefetch behavior—the DPFEN, IPFEN, PFLIM and BFEN fields of the
BIUCR register. Based on the value of the BIUCR[GCE] field, these fields
either control prefetch behavior for both banks (when BIUCR[GCE] = 1) or
in conjunction with the BK1 DPFE, BK1 IPFE, BK1 PFLIM and

BK1 BFE fields of the PFCR3 register to control prefetch behavior for each
bank individually (when BIUCR[GCE] = 0). In the discussion that follows,
only the BIUCR fields are mentioned, but the information applies equally
when prefetch behavior for each bank is controlled separately.

1. It is important to note that if an application performs a single-word write it should not later do a single-word write to the
remaining word. ECC is handled on a 64-bit boundary. Thus, if only one word in any given 64-bit ECC segment is programmed,
the adjoining word in that segment should not be programmed since ECC calculation has already completed for that 64-bit
segment.
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10.2.3.1 Basic interface protocol
The flash controller interfaces to the flash array by driving addresses and read or write enable signals.

The read or write enable signal is asserted in conjunction with the reference address for a single rising
clock when a new access request is made.

Addresses are driven to the flash array in a flow-through fashion to minimize array access time. When no
outstanding access is in progress, the flash controller drives addresses and then may change to the next
outstanding address in the next cycle.

Accesses are terminated under control of the appropriate read/write wait state control setting. Thus, the
access time of the operation is determined by the settings of the wait-state control fields. Access timing
can be varied to account for the operating conditions of the device (frequency, voltage, temperature) by
appropriately setting the fields in the programming model for either bank.

Prefetching of next sequential page is blocked during wait states. Buffer hits are also blocked as well,
regardless of whether the access corresponds to valid data in one of the page read buffers. These steps are
taken to ensure that timing emulation is correct and that excessive prefetching is avoided.

10.2.3.2 Access protections

The flash controller provides programmable configurable access protections for both read and write cycles
from masters via the Bus Interface Unit Access Protection Register (BIUAPR). It allows restriction of read
and write requests on a per-AHB-master basis. This functionality is described in Section 10.5.1.1.2, “Bus
Interface Unit Access Protection Register (BIUAPR). Detection of a protection violation results in an error
response from the flash controller on the AHB transfer.

10.2.3.3 Censorship

This device includes censorship logic which affects the operation of the flash controller as follows:

» Censorship disables access to internal flash based on the censorship control word value and the
BOOTCFGJO0:1] bits in the STU_RSR.

» Censorship logic prevents modification of the BIUAPR (Bus Interface Unit Access Protection
Register) bitfields associated with all masters except the core based on the censorship control word
value, the BOOTCFGJ[0:1] bits in the SIU_RSR, and the field EBI MCR[EXTM].

The censorship control word is a 32-bit value located at 0xOOFF_FDEQ. The flash module latches the value
of the control word prior to the negation of system reset. Censorship logic uses the value latched in the
flash module to disable access to internal flash, disable the NDI, prevent modification of the BIUAPR
bitfields, and/or set the boot default value.

Censorship logic disables read and write access to internal flash according to the logic presented in
Table 49.
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Table 49. Flash access disable logic

BOOTCFG! Censorship control word
Flash access

[0] [1]1 Upper half Lower half

0 0 O0x55AA OXXXXX enabled
0 0 I0x55AA OXXXXX enabled
1 0 O0x55AA OXXXXX enabled
1 0 I0x55AA OXXXXX disabled
1 1 0x55AA OXXXXX enabled
1 1 I0x55AA OXXXXX disabled
0 1 OXXXXX O0x55AA enabled
0 1 OXXXXX I0x55AA disabled

NOTES:
T BOOTCFG[0:1] bits are located in the SIU_RSR.

The flash controller returns a bus error if an access is attempted while flash access is disabled.

10.2.3.4 Read cycles — Buffer miss

When a request for a read access is received the flash controller compares the address to those stored in
page buffers currently marked as valid. If no match is found then the flash controller initiates a read from
the appropriate flash array module by driving a valid access address. The flash controller then waits for
the programmed number of read wait states before sampling the read. This data is normally stored in the
least-recently updated page read buffer in parallel with the requested data being forwarded to the AHB.

If the flash access was the direct result of an AHB transaction, the page buffer is marked as
most-recently-used as it is being loaded. If the flash access was the result of a speculative prefetch to the
next sequential line, it is first loaded into the least-recently-used buffer. The status of this buffer is not
changed to most-recently-used until a subsequent buffer hit occurs.

10.2.3.5 Read cycles — Buffer hit

When a request for a read access is received the flash controller compares the address to those stored in
page buffers currently marked as valid. If a match is found then the flash controller returns the data to the
AHB data phase with a zero wait-state response.

Single cycle read responses to the AHB are possible with the flash controller when the requested read
access was previously loaded into one of the page buffers.

10.2.3.6 Write cycles

In a write cycle, the address, write data, and control signals are launched at the completion of the first AHB
data phase cycle. Write cycles to the flash array are initiated by driving a valid access address.
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10.2.3.7 Errors

The first case that can cause an error response to the AHB is when an access is attempted by an AHB
master whose corresponding Read Access Control or Write Access Control settings do not allow the
access, thus causing a protection violation. In this case, the flash controller does not initiate a flash array
access.

The second case that can cause an error response to the AHB is when an access is performed to the flash
array and is terminated with a flash error response. This may occur for either a read or a write operation.

The third case that can cause an error response to the AHB is when a write access is attempted to the flash
array and is disallowed by the state of the control input. This case is similar to case 1.

The flash controller can also terminate the current AHB access if hiready in (an internal signal) is asserted
before the end of the current bus access. While this circumstance should not occur, this does not result in
an error condition being reported, as this behavior is initiated by the AHB. In this circumstance, the flash
controller completes any flash array access in progress (without signaling the AHB) before handling a new
access request.

10.2.3.8 Access pipelining

The flash controller does not support access pipelining since this capability is not supported by the flash
array. As a result, the APC (Address Pipelining Control) field must be the same value as the RWSC (Read
Wait State Control) field for best performance, that is, BIUCR[APC] = PFCR[RWSC] (see

Section 10.5.1.1.1, “Bus Interface Unit Configuration Register (BIUCR) and later PFlash Configuration
Register sections). It cannot be less than the RWSC.

10.2.3.9 Flash error response operation

The flash array may terminate a requested access with an error. This may occur due to an uncorrectable
ECC error, or because of improper sequencing during program/erase operations. When an error response
is received, the flash controller does not update or validate a page read buffer. An error response may be
signaled on read or write operations.

10.2.3.10 Page read buffers and prefetch operation

The four 128-bit page read buffers are used to hold data read from the flash array. Each buffer operates
independently, and is filled using a single array access. The buffers are used for both prefetch and normal
demand fetches.
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The organization of each page buffer is described below in a pseudo-code representation. The hardware
structure includes the buffer address and valid bit, along with 128 bits of page read data and several error
flags.

struct { // page buffer

reg addr[23:4]; // page address

reg valid; // valid bit

reg rdatal[l27:0]; // page read data

reg xfr error; // transfer error indicator from flash array

reg multi ecc error; // multi-bit ECC error indicator from flash array

reg single ecc_error; // single-bit correctable ECC indicator from flash array

} page buffer([4];

For the general case, a page buffer is written at the completion of an error-free flash access and the valid
bit asserted. Subsequent flash accesses that “hit” the buffer, that is, the current access address matches the

address stored in the buffer, can be serviced in 0 AHB wait-states as the stored read data is routed from the
given page buffer back to the requesting bus master.

As noted in Section 10.2.3.9, “Flash error response operation, a page buffer is not marked as valid if the
flash array access terminated with any type of transfer error. However, the result is that flash array accesses
that are tagged with a single-bit correctable ECC event are loaded into the page buffer and validated. For
additional comments on this topic, see Section 10.2.3.10.4, “Buffer invalidation.

Prefetch triggering is controllable on a per-AHB-master and access-type basis. Bus masters may be
enabled or disabled from triggering prefetches, and triggering may be further restricted based on whether
a read access is for instruction or data. A read access to the flash controller may trigger a prefetch to the
next sequential page of array data on the first idle cycle following the request. The access address is
incremented to the next-higher 16-byte boundary, and a flash array prefetch is initiated if the data is not
already resident in a page buffer. Prefetched data is always loaded into the least-recently-used bufter.
Buffers may be in one of six states, listed here in prioritized order:

1. Invalid—The buffer contains no valid data.

2. Used-The buffer contains valid data which has been provided to satisfy an AHB burst type read.
3. Valid—The buffer contains valid data which has been provided to satisfy an AHB single type read.
4

Prefetched— The buffer contains valid data which has been prefetched to satisfy a potential future
AHB access.

Busy AHB—The buffer is currently being used to satisfy an AHB burst read.

> w

Busy Fill—The buffer has been allocated to receive data from the flash array, and the array access
is still in progress.

Selection of a buffer to be loaded on a miss is based on the following replacement algorithm:

1. First, the buffers are examined to determine if there are any invalid buffers. If there are multiple
invalid buffers, the one to be used is selected using a simple numeric priority, where buffer 0 is
selected first, then buffer 1, etc.

2. If there are no invalid buffers, the least-recently-used buffer is selected for replacement. Once the
candidate page buffer has been selected, the flash array is accessed and read data loaded into the
buffer. If the buffer load was in response to a miss, the just-loaded buffer is immediately marked
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as most-recently-used. If the buffer load was in response to a speculative fetch to the
next-sequential line address after a buffer hit, the recently-used status is not changed. Rather, it is
marked as most-recently-used only after a subsequent buffer hit.

This policy maximizes performance based on reference patterns of flash accesses and allows for
prefetched data to remain valid when non-prefetch enabled bus masters are granted flash access. Several
algorithms are available for prefetch control which trade off performance versus power. They are defined
by the PFLM (prefetch limit) register field. More aggressive prefetching increases power slightly due to
the number of wasted (discarded) prefetches, but may increase performance by lowering average read
latency.

In order for prefetching to occur, a number of control bits must be enabled. Specifically, the global buffer
enable (BFEN) must be set, the prefetch limit (PFLM) must be non-zero and either instruction prefetching
(IPFEN) or data prefetching (DPFEN) enabled. Refer to Section 10.5, “Register descriptions for a
description of these control fields.

10.2.3.10.1 Instruction/Data prefetch triggering

Prefetch triggering may be enabled for instruction reads via the IPFEN control field, while prefetching for
data reads is enabled via the DPFEN control field. Additionally, the PFLIM field must also be set to enable
prefetching. Prefetches are never triggered by write cycles.

10.2.3.10.2 Per-AHB-master prefetch triggering

Prefetch triggering may be also controlled for individual bus masters. Refer to Section 10.5.1.1.2, “Bus
Interface Unit Access Protection Register (BIUAPR) for details on these controls.

10.2.3.10.3 Buffer allocation

Allocation of the line read buffers is controlled via page buffer configuration field, BIUCR2[LBCFG].
This field defines the operating organization of the four page buffers. The buffers can be organized as a
“pool” of available resources (with all four buffers in the pool) or with a fixed partition between buffers
allocated to instruction or data accesses. For the fixed partition, two configurations are supported. In one
configuration, buffers 0 and 1 are allocated for instruction fetches and buffers 2 and 3 for data accesses. In
the second configuration, buffers 0, 1 and 2 are allocated for instruction fetches and buffer 3 reserved for
data accesses.

10.2.3.10.4 Buffer invalidation
The page read buffers may be invalidated under hardware or software control.

Software may invalidate the buffers by clearing field BIUCR[BFEN], which also disables the buffers.
Software may then re-assert BIUCR[BFEN] to its previous state, and the buffers will have been
invalidated.

One special case needing software invalidation relates to page buffer “hits” on flash data which was tagged
with a single-bit ECC event on the original array access. Recall that the page buffer structure includes a

status bit signaling the array access detected and corrected a single-bit ECC error. On all subsequent buffer
hits to this type of page data, a single-bit ECC event is signaled by the flash controller. Depending on the
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specific hardware configuration, this reporting of a single-bit ECC event may generate an ECC alert
interrupt. In order to prevent repeated ECC alert interrupts, the page buffers need to be invalidated by
software after the first notification of the single-bit ECC event.

10.2.4 Wait-state emulation

Emulation of other memory array timings are supported by the flash controller on read and write cycles to
the flash. This functionality may be useful to maintain the access timing for blocks of memory which were
used to overlay flash blocks for the purpose of system calibration or tuning during code development.

The flash controller will insert additional wait states according to the upper address lines ADDR[28:24].
When these address lines are non-zero, additional cycles are added to system bus transfers. Normal system
bus termination will be extended. In addition, no line read buffer prefetches are initiated, and buffer hits

are ignored.

See Section 10.5.1.1.1, “Bus Interface Unit Configuration Register (BIUCR) for details.

10.3 Flash memory block (C90LC)

10.3.1 Flash block overview

The primary function of a flash memory block is to serve as electrically programmable and erasable
Non-Volatile Memory (NVM). The NVM can be used for instruction and/or data storage. The block is a
non-volatile solid-state silicon memory device consisting of blocks of single-transistor storage elements,
an electrical means for selectively adding (programming) and removing (erasing) charge from these
elements, and a means of selectively sensing (reading) the charge stored in these elements. The flash is
addressable by word (32 bits) and page (128 bits).

The C90LC block is arranged as two functional units. The first functional unit is the C90LC Flash Core
(FC). The FC is composed of arrayed non-volatile storage elements, sense amplifiers, row selects, column
selects and charge pumps. The arrayed storage elements in the FC are subdivided into physically separate
units referred to as blocks.

The second functional unit of the CO90LC is the Memory Interface (MI). The MI contains the registers and
logic which control the operation of the FC. The Ml is also the interface to the flash controller
(PFLASH_LCA).

The flash controller interfaces the MPC5634M system bus to the CO90LC memory block. The flash
controller is described in Section 10.2, “Platform flash memory controller (PFLASH_LCA).

The device has three 512 KB arrays implemented for a total of 1.5 MB of flash memory. They are arranged
as follows:
Bank0, Array0:
* 512 KB + 16 KB shadow block
— 8 small blocks organized as 16 KB, 16 KB, 32 KB, 32 KB, 16 KB, 16 KB, 64 KB and 64 KB
— 2 large blocks organized as 128 KB and 128 KB
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— 1 shadow block, 16 KB

Bankl1, Arrayl:
« 512KB
— No small blocks or shadow block

4 large blocks organized as 4 x 128 KBBank1, Array?2:
« 512KB

— No small blocks or shadow block
— 4 large blocks organized as 4 x 128 KB

The arrays are organized as two banks. Array0 is connected to Bank0. Arrayl and Array2 are connected
in parallel to Bank1 and effectively operate as a single 1 MB flash array.

WARNING

Arrayl and Array?2 share an analog power supply, so accesses (write, erase
or fetch) cannot be performed on both Arrayl and Array2 simultaneously.
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Array1 and Array2 connected in parallel to

Arrays 1 and 2 share an analog power supply
and therefore do not support R or W access
access to both arrays at the same time.

Array0 connected to flash controller Bank1 - appears as a
flash controller BankO single 1M array
4x16kB <« = - < YS_ _ _ _ _
r T
| |
| 128 KB 128 KB |
32 KB | |
32 KB | |
| |
64 KB | 128 KB 128 KB |
| |
| |
64 KB | |
| |
128 KB | 128 KB 128 KB |
| |
| |
| |
128 KB : 128 KB 128 KB :
| |
| |
| |
16 KB shadow block | I
| |
| |
| |

Figure 52. LC flash array organization

10.3.2 LC flash features

* High Read parallelism (128 bits)

*  Error Correction Code (Single Error Correction, Double Error Detection) to enhance Data
Retention

* Double Word Program (64 bits)

» Block Erase

» Erase Suspend available (Program Suspend not available)

» Software programmable Program/Erase Protection to avoid unwanted writings
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e Censored Mode

10.3.3 Programming considerations
NOTE

Like all flash memory, before an arbitrary value can be written to a memory
location in flash on these devices, the block containing that address must be
erased (all values set to ‘1°). The electrical characteristics of flash memory
allow write operations to only transition individual bits from ‘1’ to ‘0’, and
to perform erase operations only at the block-level.

WARNING

Software executing from flash must not write to registers that control flash
behavior, e.g., wait state settings or prefetch enable/disable. Doing so can
cause data corruption. On MPC5634M devices these registers include
BIUCR, BIUAPR, BIUCR2, and PFCR3. These registers must be written
while executing from a different memory, such as the internal SRAM, and
not from the flash itself. Further, flash configuration registers should be
written only with 32-bit write operations to avoid any issues associated with
register “incoherence” caused by bit fields spanning smaller size (8- and
16-bit) boundaries.

10.3.3.1 Modify operations

All the modify operations of the flash modules are managed through the flash array control registers. All
blocks of each flash array module belong to the same partition (bank), therefore when a modify operation
is active on some blocks no read access is possible on any other block within the same array bank.

During a flash modify operation any attempt to read any flash location within the same module outputs
invalid data and bit MCR[RWE] is automatically set. This means that the flash module is not fetchable
when a modify operation is active within the same array module: the modify operation commands must be
executed from another array.

If during a modify operation a reset occurs, the operation is suddenly interrupted and the array is reset to
Read Mode. The data integrity of the flash section where the modify operation has been aborted is not
guaranteed: the interrupted flash modify operation must be repeated.

In general each modify operation is started through a sequence of three steps:

1. The first instruction is used to select the desired operation by setting its corresponding selection bit
in MCR (PGM or ERS) or UT0 (MRE or EIE).

2. The second step is the definition of the operands: the Address and the Data for programming or the
blocks for erase or factory margin read.

3. The third instruction is used to start the modify operation, by setting EHV in MCR or AIE in the
UTO register.

Once selected, but not yet started, one operation can be canceled by resetting the operation selection bit.
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A summary of the available flash modify operations are shown in Table 50.

Table 50. Flash modify operations

Operation Select bit Operands Start bit
Double Word Program MCR[PGM] |Address and Data by Interlock Writes MCRI[EHV]
Block Erase MCR[ERS] |LMSR, HSR MCRI[EHV]
Array Integrity Check! None LMSR, HSR UTO[AIE]
Factory Margin Read" UTO[MRE] |UTO[MRV]+ LMSR, HSR UTO[AIE]
ECC Logic Check’ UTO[EIE] UTO0.DSI, UT1, UT2 UTO[AIE]
NOTES:

This operation is executed from User Test Mode. See Section 10.3.3.1.4, “User Test Mode for details.

In general each modify operation is completed through a sequence of four steps:
1. Wait for operation completion: wait for bit MCR[DONE] (or UTO[AID]) to go high.
2. Check operation result: check bit MCR[PEG] (or compare UMISR0—4 with expected value).
3. Switch off flash controller by resetting MCR[EHV] (or UTO[AIE]).
4. Deselect current operation by clearing MCR[PGM]/[ERS] (or UTO[MRE]/[EIE]).

In the following sections all modify operations are described and some examples of the sequences needed
to activate them are presented.

10.3.3.1.1 Double Word Program

A flash program sequence operates on any double word within the flash. Up to two words within the
double word may be altered in a single program operation. During a program operation, ECC bits are
programmed. ECC is handled on a 64-bit boundary. Thus, if only one word in any given 64-bit ECC
segment is programmed, the adjoining word (in that segment) should not be programmed since ECC
calculation has already completed for that 64-bit segment. Attempts to program the adjoining word will
result in an operation failure. It is recommended that all programming operations be of 64 bits. The
programming operation should completely fill selected ECC segments within the double word.

Programming changes the value stored in an array bit from logic 1 to logic 0 only. Programming cannot
change a stored logic 0 to a logic 1.

Addresses in locked/disabled blocks cannot be programmed.
You can program the values in any or all of two words, of a double word, with a single program sequence.
Double word-bound words have addresses which differ only in address bit 2.

The Program operation consists of the following sequence of events:
1. Change the value in the MCR[PGM] bit from O to 1.
2. Ensure the block that contains the address to be programmed is unlocked.
— Write the first address to be programmed with the program data.
— The flash module latches address bits (22:3) at this time.
— The flash module latches data written as well.
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— This write is referred to as a program data interlock write. An interlock write may be as large
as 64 bits, and as small as 32 bits (depending on the CPU bus).

3. If more than one word is to be programmed, write the additional address in the double word with
data to be programmed. This is referred to as a program data write.

The flash modules ignore address bits (22:3) for program data writes.
The eventual unwritten data word default to OxFFFFFFFF.

4. Write a logic 1 to the MCR[EHV] bit to start the internal program sequence or skip to step 9 to
terminate.

Wait until the MCR[DONE] bit goes high.

Confirm MCR[PEG] = 1.

Write a logic 0 to the MCR[EH V] bit.

If more addresses are to be programmed, return to step 2.

9. Write a logic 0 to the MCR[PGM] bit to terminate the program operation.

® =N

A program may be initiated with the 0 to 1 transition of field MCR[PGM] or by clearing the field
MCR[EHV] at the end of a previous program.

The first write after a program is initiated determines the page address to be programmed. This first write
is referred to as an interlock write. The interlock write determines if the shadow or normal array space will
be programmed by causing MCR[PEAS] to be set/cleared.

An interlock write must be performed before setting MCR[EHV]. An application may terminate a program
sequence by clearing MCR[PGM] prior to setting MCR[EHV].

While MCR[DONE] is low and MCR[EHV] is high, an application may clear EHV, resulting in a program
abort.

A program abort forces the Module to step 8 of the program sequence.

An aborted program will result in MCR[PEG] being set low, indicating a failed operation. MCR[DONE]
must be checked to know when the aborting command has completed.

The data space being operated on before the abort will contain indeterminate data. This may be recovered
by repeating the same program instruction with the same data or executing an erase of the affected blocks.

Example 1. Double Word Program of data 0Ox55AA55AA at address 0xO0OAAAS8 and data OxAA55AA55 at

address 0x00AAAC
MCR = 0x00000010; /* Set PGM in MCR: Select PGM Operation */
(0x00AAA8) = O0x55AA55AA; /* Latch Address and 32 LSB data */
(0x00AAAC) = OxAAS5AA55; /* Latch 32 MSB data */

MCR = 0x00000011; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( ! (tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR 0x00000010; /* Reset EHV in MCR: Operation End */

MCR 0x00000000; /* Reset PGM in MCR: Deselect Operation */
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10.3.3.1.2 Block Erase

Erase changes the value stored in all bits of the selected block(s) to logic 1. An erase sequence operates on
any combination of blocks in the low, mid or high address space, or the shadow block (if available).

The erase sequence is fully automated within the flash. an application only needs to select the
blocks to be erased and initiate the erase sequence.

Locked/disabled blocks cannot be erased.

If multiple blocks are selected for erase during an erase sequence, no specific operation order must
be assumed.

The Erase operation consists of the following sequence of events:

1.
2.

b

® =N oW

Change the value in the MCR[ERS] bit from 0 to 1.

Select the block(s) to be erased by writing 1’s to the appropriate register(s) in LMSR or HSR
registers.

If the shadow block is to be erased, this step may be skipped, and LMSR and HSR are ignored.
Note that Lock and Select are independent. If a block is selected and locked, no erase will occur.
Write to any address in flash. This is referred to as an erase interlock write.

Write a logic 1 to the MCR[EHV] bit to start the internal erase sequence or skip to step 9 to
terminate.

Wait until the MCR[DONE] bit goes high.

Confirm MCR[PEG] = 1.

Write a logic 0 to the MCR[EH V] bit.

If more blocks are to be erased, return to step 2.

Write a logic 0 to the MCR[ERS] bit to terminate the erase operation.

Additional considerations:

After setting MCR[ERS], one write, referred to as an interlock write, must be performed before
MCR[EHV] can be set to 1.

Data words written during erase sequence interlock writes are ignored.

An application may terminate the erase sequence by clearing ERS before setting EHV.

An erase operation may be aborted by clearing MCR[EHV] assuming MCR[DONE] is low,
MCR[EHV] is high and MCR[ESUS] is low.

An erase abort forces the Module to step 8 of the erase sequence.

An aborted erase will result in MCR[PEG] being set low, indicating a failed operation.
MCR[DONE] must be checked to know when the aborting command has completed.

The block(s) being operated on before the abort contain indeterminate data. This may be recovered
by executing an erase on the affected blocks.

An application may not abort an erase sequence while in erase suspend.

The following example selects two blocks using the LSEL[2:1] bits of the LM SR register to select blocks
2a and 1b (see Table 52 on page 233 for the flash space memory map and Section 10.5.1.2.5, “Low/Mid
Address Space Block Select Register (LMSR) on page 261) and performs an erase.
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Example 2. Erase of Blocks 2a and 1b

MCR = 0x00000004; /* Set ERS in MCR: Select ERS Operation */

LMSR = 0x00000006; /* Set LSEL2-1 in LMSR: Select blocks to erase */
(0x000000) = OxFFFFFFFF; /* Latch a Flash Address with any data */
MCR = 0x00000005; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( ! (tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR 0x00000004; /* Reset EHV in MCR: Operation End */

MCR = 0x00000000; /* Reset ERS in MCR: Deselect Operation */

10.3.3.1.3 Erase Suspend/Resume

The erase sequence may be suspended to allow read access to the flash array. It is not possible to program
or to erase during an erase suspend. During erase suspend, all reads to blocks targeted for erase return
indeterminate data.

An erase suspend is initiated by changing the value of the MCR[ESUS] bit from 0 to 1. MCR[ESUS] can
be set to 1 at any time when MCR[ERS] and MCR[EHV] are high and MCR[PGM] is low. A 0 to 1
transition of MCR[ESUS] causes the array module to start the sequence which places it in erase suspend.

An application must wait until MCR[DONE] = 1 before the erase operation is suspended and further
actions are attempted. MCR[DONE] will go high after MCR[ESUS] is set to 1.

Once suspended, the array may be read. Reads while MCR[ESUS] = 1 from the block(s) being erased
return indeterminate data.

Example 3. Block Erase Suspend

MCR = 0x00000007; /* Set ESUS in MCR: Erase Suspend */
do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( ! (tmp & 0x00000400) );

Note that there is no need to clear MCR[EHV] and MCR[ERS] in order to perform reads during erase
suspend. The erase sequence is resumed by writing a logic 0 to MCR[ESUS].

MCR[EHV] must be set to 1 before MCR[ESUS] can be cleared to resume the operation.

The array module continues the erase sequence from one of a set of predefined points. This may extend
the time required for the erase operation.

Example 4. Block Erase Resume

MCR = 0x00000005; /* Reset ESUS in MCR: Erase Resume */

10.3.3.1.4 User Test Mode

User Test Mode is a mode that customers can put the flash array module in to do specific tests to check
integrity.

Three kinds of test can be performed:
» Array Integrity Self Check
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» Factory Margin Mode Read
* ECC Logic Check

The User Test Mode is equivalent to a modify operation: read accesses attempted during User Test Mode
generate a Read-While-Write Error (MCR[RWE] set).

User Test operations are not allowed on the Test and Shadow blocks.

10.3.3.1.4.1 Array Integrity Self Check

Array Integrity is checked using a predefined address sequence (proprietary), and is executed on selected
and unlocked blocks. Once the operation is completed, the results of the reads can be checked by reading
the MISR value (stored in UMISR0-4), to determine if an incorrect read, or ECC detection was noted.

The internal MISR calculator is a 32-bit register.

The 128-bit data, the 16 ECC data and the single-bit and double-bit ECC errors of the two double words
are therefore captured by the MISR through five different read accesses at the same location.

The entire check is done with five complete scans of the memory address space:

The first pass will scan only bits 31:0 of each page.

The second pass will scan only bits 63:32 of each page.

The third pass will scan only bits 95:64 of each page.

The fourth pass will scan only bits 127:96 of each page.

The fifth pass will scan only the ECC bits (8 + 8) and the single-bit and double-bit ECC errors
(2 + 2) of both double words of each page.

A

The 128-bit data and the 16 ECC data are sampled before the eventual ECC correction, while the single
and double error flags are sampled after the ECC evaluation.

Only data from existing and unlocked locations are captured by the MISR.
The MISR can be seeded to any value by writing the UMISR0—4 registers.

The Array Integrity Self Check consists of the following sequence of events:
1. Set UTO[UTE] by writing the related password in UTO.

2. Select the block(s) to be checked by writing 1’s to the appropriate register(s) in LMSR or HSR
registers.

Note that Lock and Select are independent. If a block is selected and locked, no Array Integrity
Check will occur.

Set UTO[AIS] bit for a sequential addressing only.

Write a logic 1 to the UTO[AIE] bit to start the Array Integrity Check.
Wait until the UTO[AID] bit goes high.

Compare UMISR0—4 content with the expected result.

Write a logic 0 to the UTO[AIE] bit.

If more blocks are to be checked, return to step 2.

© N kAW
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It is recommended to leave UTO[AIS] at 0 and use the proprietary address sequence that checks the read
path more fully, although this sequence takes more time. While UTO[AID] is low and UTO[AIE] is high,
an application may clear AIE, resulting in a Array Integrity Check abort. UTO[AID] must be checked to
know when the aborting command has completed.

The following example selects two blocks using the LSEL[2:1] bits of the LM SR register to select blocks
2a and 1b (see Table 52 on page 233 for the flash space memory map and Section 10.5.1.2.5, “Low/Mid
Address Space Block Select Register (LMSR) on page 261) and performs an array integrity check of those
blocks.

Example 5. Array Integrity Check of Blocks 2a and 1b

UTO0 = 0xF9F99999; /* Set UTE in UTO: Enable User Test */
LMSR = 0x00000006; /* Set LSEL2-1 in LMSR: Select blocks */
UTO = 0x80000002; /* Set AIE in UTO: Operation Start */

do /* Loop to wait for AID=1 */

{ tmp = UTO0; /* Read UTO */

} while ( ! (tmp & 0x00000001) );

data0 = UMISRO; /* Read UMISRO content*/
datal = UMISR1; /* Read UMISR1 content*/
data2 = UMISR2; /* Read UMISR2 content*/
data3 = UMISR3; /* Read UMISR3 content*/
datad4 = UMISR4; /* Read UMISR4 content*/

UTO0 = 0x00000000; /* Reset UTE and AIE in UTO: Operation End */

10.3.3.1.4.2 Factory Margin Read
NOTE

Factory margin read is a diagnostic procedure to check proper
programming, for example by 3rd party programming service providers. It
is not supported in customer applications because the voltages used for
margin reads can reduce the life expectancy of the flash array.

The factory margin read procedure (either Margin 0 or Margin 1) can be run on unlocked blocks to
unbalance the sense amplifiers with respect to standard read conditions so that all read accesses reduce the
margin vs ‘0’ (UTO[MRV] = “0") or vs ‘1’ (UTO[MRV] = “1”). Locked sectors are ignored by MISR
calculation and ECC flagging.

The results of the factory margin reads can be checked by comparing the checksum value in the
UMISRO0-4 registers.

Since factory margin reads are done at voltages that are higher than the normal read voltages, lifetime
expectancy of the flash may be impacted. Doing factory margin reads repeatedly results in degradation of
the flash array and shortens the lifetime expected with normal read levels. For these reasons this capability
is reserved for factory use only and is not supported in user applications. Charge losses detected via margin
reads are not considered failures of the device and no Failure Analysis will be opened on them.

The Margin Read Setup operation consists of the following sequence of events:
1. Set UTE in UTO by writing the related password in UTO.

2. Select the block(s) to be checked by writing 1’s to the appropriate register(s) in LMS or HBS
registers.
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Note that Lock and Select are independent. If a block is selected and locked, no Margin Read will
occur.

Set eventually UTO[AIS] bit for a sequential addressing only.

Change the value in the UTO[MRE] bit from 0 to 1.

Select the Margin level: UTO[MRV] = 0 for 0’s margin, UTO[MRV] =1 for 1’s margin.

Write a logic 1 to the UTO[AIE] bit to start the Margin Read Setup or skip to step 6 to terminate.
Wait until the UTO[AID] bit goes high.

Compare UMISR0—4 content with the expected result.

Write a logic 0 to the UTO[AIE], UTO[MRE] and UTO[MRV] bits.

10. If more blocks are to be checked, return to step 2.

0 0N kW

It is recommended to leave UTO[AIS] at 1 and use the linear address sequence, which takes less time.

During the execution of the Margin Read operation it is forbidden to modify the content of Block Select
(LMS, HBS) and Lock (LML, SLL, HBL) registers, otherwise the MISR value can vary in an
unpredictable way.

The read accesses will be done with the addition of a proper number of Wait States to guarantee the
correctness of the result.

While UTO[AID] is low and UTO[AIE] is high, the user may clear AIE, resulting in a Array Integrity
Check abort.

UTO[AID] must be checked to know when the aborting command has completed.

Example 6. Margin Read Check versus 1’s

UMISRO = 0x00000000; /* Reset UMISRO content */

UMISR1 = 0x00000000; /* Reset UMISR1 content */

UMISR2 = 0x00000000; /* Reset UMISR2 content */

UMISR3 = 0x00000000; /* Reset UMISR3 content */

UMISR4 = 0x00000000; /* Reset UMISR4 content */

UTO0 = 0xF9F99999; /* Set UTE in UTO: Enable User Test */
LMS = 0x00000006; /* Set LSL2-1 in LMS: Select Sectors */
UTO0 = 0x80000004; /* Set AIS in UTO0: Select Operation */
UTO0 = 0x80000024; /* Set MRE in UTO: Select Operation */
UTO = 0x80000034; /* Set MRV in UTO: Select Margin versus 1l's */
UTO0 = 0x80000036; /* Set AIE in UTO: Operation Start */
do /* Loop to wait for AID=1 */

{ tmp = UTO0; /* Read UTO */

} while ( !(tmp & 0x00000001) );

data0 = UMISRO; /* Read UMISRO content*/

datal = UMISR1; /* Read UMISR1 content*/

data2 = UMISR2; /* Read UMISR2 content*/

data3 = UMISR3; /* Read UMISR3 content*/

datad4 = UMISR4; /* Read UMISR4 content*/

UTO = 0x80000034; /* Reset AIE in UTO0: Operation End */
UTO = 0x00000000; /* Reset UTE, MRE, MRV, AIS in UTO: Deselect Op. */
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10.3.3.1.4.3 ECC Logic Check

ECC Logic Check verifies the integrity of the ECC correction and detection logic. The operation provides
user control over the 64 data bit + 8 parity bit inputs. Results of the ECC logic can be checked by reading
the MISR value.

The ECC Logic Check operation consists of the following sequence of events:
Set UTO[UTE] by writing the related password in UTO.
Write in UT1.DAI31-0 and UT2.DAI63-32 the double word input value.
Write in UT0.DSI7-0 the Syndrome Input value.
Select the ECC Logic Check: write a logic 1 to the UTO[EIE] bit.

Write a logic 1 to the UTO[AIE] bit to start the ECC Logic Check.
Wait until the UTO[AID] bit goes high.
Compare UMISR0—4 content with the expected result.

Nk =

8. Write a logic 0 to the UTO[AIE] bit.
Notice that when UTO[AID] is low UMISR0—4, UT1-2 and bits MRE, MRV, EIE, AIS and DSI7—0 of UT0

are not accessible: reading returns indeterminate data and writing has no effect.

Example 7. ECC Logic Check

} while (

UTo

10.3.3.2

= 0xF9F99999;

0x55555555;
OxAAAAAAAA;
0x80FF0000;
0x80FF0008;
0x80FF000A;

= UTO;

/*
/*
/*
/*
/*
/*

Set
Set
Set
Set
Set
Set

UTE in UTO:

DAI31-0 in UTL1:

EIE in UTO:

Enable User Test */
Even Word Input Data */
DAI63-32 in UT2: Odd Word Input Data */
DSI7-0 in UTO:

Syndrome Input Data */

AIE in UTO: Operation Start */
Loop to wait for AID=1 */

/* Read UTO0 */
!'(tmp & 0x00000001) );

UMISRO; /*
UMISR1; /*
UMISR2; /*
UMISR3; /*
UMISR4; /*

0x00000000;

Error correction code

Read
Read
Read
Read
Read

/* Reset UTE, AIE and EIE in UTO:

UMISRO
UMISR1
UMISR2
UMISR3
UMISR4

content
content
content
content
content

(expected
(expected
(expected
(expected
(expected

0x55555555)
OxAAAAAAAR)
0x55555555)
OxAAAAAAAR)
O0x00FFOOQFF)

Select ECC Logic Check */

*/
*/
*/
*/
*/

Operation End */

The flash module provides a method to improve the reliability of the stored data: the usage of an Error
Correction Code.

At each double word of 64 bits there are associated 8 ECC bits that are programmed in such a way to

guarantee a Single Error Correction and a Double Error Detection (SEC-DED).

10.3.3.2.1

ECC algorithms

The flash arrays support the “All ‘1’s No Error” ECC algorithm, which detects as valid any double word

read on a just erased block (all the 72 bits are 1°’s).

This option enables performance of a Blank Check after a Block Erase operation.
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10.3.3.3 Protection strategy

Two kind of protections are available: Modify Protection to avoid unwanted program/erase in flash blocks
and Censored Mode.

10.3.3.3.1  Modify protection

The Flash Modify Protection information is stored in a protected area of the flash. This information is read
once during the flash initialization phase following exit from Reset and is stored in program-accessible
registers.

The reset state of all the Modify Protection Registers is the protected state.

A software mechanism is provided to independently lock/unlock each Low, Mid and High Address Space
Block against program and erase. Software locking is done through the LMLR (Low/Mid Address Space
Block Lock Register) or HLR (High Address Space Block Lock Register) registers.

An alternate means to enable software locking for blocks of Low Address Space only is through the
SLMLR (Secondary Low/Mid Address Space Block Lock Register).

All of these registers have an image stored in a protected area of flash so the locking information is kept
on reset. The registers can be written at any time, therefore an application can lock and unlock blocks when
desired.

10.3.3.3.2 Censored mode

The Censored Mode information is stored in the shadow block. This information is read once during the
flash initialization phase following exit from Reset and is stored in the appropriate registers. The Censored
Mode Registers are not accessible by applications.

10.4 Memory maps

The MPC5634M device flash memory has two memory maps: one for the flash memory space and another
for the program-visible control and configuration registers. The flash memory space is accessed via the
AMBA-AHB port and the program-visible registers are accessed via the slave peripheral bus.

Write accesses must be either word or doubleword in size, and must be aligned. Unaligned writes and byte
or halfword writes result in an error termination on the system bus side, and no flash array write is initiated.

The following sections contain memory maps for the device flash array and flash control registers.

10.4.1 Overview memory map

Table 51 shows the flash array memory map, and the configuration registers for the flash controller.
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Table 51. Flash overview map

Address Use Size [KB]
FLASH_BASE (0x0000_0000) Flash Memory 1536
FLASH_BASE + 0x0018_0000 Reserved 6656
FLASH_BASE + 0x0080_0000 Reserved 3520
FLASH_BASE + 0x00B7_0000 Reserved 64512 bytes
FLASH_BASE + 0x00B7_FB20 Bank1, Array2 Test Block 992 bytes
FLASH_BASE + 0x00B8_0000 Reserved 192
FLASH_BASE+ 0x00BB_0000 Reserved 64512 bytes
FLASH_BASE+ 0x00BB_FB20 Bank1, Array1 Test Block 992 bytes
FLASH_BASE + 0x00BC_0000 Reserved 192
FLASH_BASE + 0x00BF_0000 Reserved 64512 bytes
FLASH_BASE + 0x00BF_FB20 BankO, Array0 Test Block 992 bytes
FLASH_BASE + 0x00C0_0000 Reserved 3072
FLASH_BASE + 0x00FF_C000 Bank0, ArrayO shadow region 16
FLASH_BASE + 0x0100_0000 Flash emulation mapping 507904

FLASH_REGS_BASE_BKO (0xC3F8_8000)

Bank0, ArrayO control registers

FLASH_REGS_BASE_BKO + 0x01C

Bus Interface Unit Configuration Register

(BIUCR)
FLASH_REGS_BASE_BKO + 0x020 Bus Interface Unit Access Protection Register
(BIUAPR)
FLASH_REGS_BASE_BKO + 0x024 Bus Interface Unit Configuration Register 2
(BIUCR2)

FLASH_REGS_BASE_BKO + 0x028

Platform Flash Configuration Register 3
(PFCR3)

FLASH_REGS_BASE_BK1 (0xC3FB_0000)

Bank1, Array1 control registers

FLASH_REGS_BASE_BK2 (0xC3FB_4000)

Bank1, Array2 control registers

10.4.2

Table 52 shows the mapping for the flash memory storage addresses for all devices.

Flash memory space map

» Neither the 768 KB devices nor the 1 MB devices contain Array2.

» 768 KB devices use only the first 256 KB of Array0 plus the shadow block.
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Table 52. Flash memory storage address map

Address Use Block'? | Size Ml;gss ?(332 M MP$;6§3M MI:%SI(\SI:;IM Bank
0x0000_0000 | Low Address Space 0 16K Available Available Available Bank0
0x0000_4000 256 KB 1a 16K | Available | Available | Available |0
0x0000_8000 1b 32K Available Available Available
0x0001_0000 2a 32K Available Available Available
0x0001_8000 2b 16K Available Available Available
0x0001_C000 3 16K Available Available Available
0x0002_0000 4 64K Available Available Available
0x0003_0000 5 64K Available Available Available
0x0004_0000 Mid Address Space 6 128K | Not available Available Available
0x0006_0000 256 KB 7 128K | Not available | Available Available
0x0008_0000 | High Address Space 8 128K Available Available Available Bank1
0x000A_0000 1MB 9 128K | Available | Available | Available |V
0x000C_0000 10 128K Available Available Available
0x000E_0000 11 128K Available Available Available
0x0010_0000 12 128K | Not available | Not available | Available Bank1
0x0012_0000 13 | 128K | Notavailable | Notavailable | Available | /"2
0x0014_0000 14 128K | Not available | Not available Available
0x0016_0000 15 128K | Not available | Not available Available
0x00B7_FB20 oTpP3 oTP2 992 Available Available Available | Bank1
bytes Array2

Test

0x00BB_FB20 oTpP® OTP1 992 Available Available Available Bank1
bytes Array1

Test
0x00BF_FB20 oTpP3 OTPO 992 Available Available Available | Bank0
bytes Array0

Test
0x00FF_C000 Shadow Block SO 16K Available Available Available | BankO
16 KB Array0

NOTES:

2 Each block can be “Locked” against modification or “Selected” for erase
3 One-time programmable test block.

10.4.3 Test block

Devices in the MPC5634M family contain a small area of flash memory that can be used as a One-Time

Boot can be performed from any block in the Low Address Space except blocks 1b and 2b.

Programmable (OTP) storage space. This area can be used to store the default values of some flash

registers and also contains information about the device. Each flash array module has this small OTP area.
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The addresses are shown in Table 53.

Table 53. Test block locations

Address range Description Size
0x00B7_FB20 — 0x00B7_FEFF Bank1, Array 2 Test Block 992 bytes
0x00BB_FB20 — 0x00BB_FEFF Bank1, Array1 Test Block 992 bytes
0x00BF_FB20 — Ox00BF_FEFF BankO, array0 Test Block 992 bytes

NOTE

The OTP area cannot be erased after it is programmed.

10.4.3.1 Test block memory map

Table 54 contains the test block allocations.
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Table 54. Test block allocation

Number of
Address’ Use Default value? words used
(32-bit)
0x00Bn_FB203 Flash Controller Micro-code *4 2 words
Version
0x00Bn_FB28 Flash Controller Micro-code x4 1 word
Parameter Version
0x00Bn_FB2C Reserved Erased 1 word
(OXFFFF_FFFF)
0x00Bn_FB30 — 0x00Bn_FCOF |Reserved for internal use This area may contain |56 words
undocumented data.
0x00Bn_FC10 Device Unique Serial Number® *6 4 words
(128 bits)
0x00Bn_FC20 — 0x00Bn_FCFF |Reserved for internal use This area may contain |56 words
undocumented data.
é 0x00Bn_FDO00 — 0x00Bn_FDE7 |User reserved — 58 words
E 0x00Bn_FDES8 Flash LMLR default Value Erased 1 word
§ (OXFFFF_FFFF)
0x00Bn_FDEC Unused (except for ECC with Erased 1 word
the LMLR default value) (OXFFFF_FFFF)
0x00Bn_FDFO Flash HLR default Value Erased 1 word
(OXFFFF_FFFF)
0x00Bn_FDF4 Unused (except for ECC with Erased 1 word
the HLR default value) (OXFFFF_FFFF)
0x00Bn_FDF8 Flash SLMLR default value Erased 1 word
(OXFFFF_FFFF)
0x00Bn_FDFC Unused (except for ECC with Erased 1 word
the SLMLR default value) (OXFFFF_FFFF)
0x00Bn_FEOOQ — 0x00Bn_FEFF |Reserved Erased 64 words
(OXFFFF_FFFF)
!\IOTES:

n = 0x7, 0xB, or OxF from the different Flash Modules

o a0 M~ W N

Factory programmed values
The 32-bit word beginning at 0x00Bn_FB20 and the 32-bit word beginning at 0x00Bn_FB24 are identical.
This value may change in the future.
This value only appears in the Test Block 0.
This value is different on every device.

10.4.3.2

For tracking purposes by the customer, a Unique Serial Number is included in the Test Block to allow
identification of a particular device. The Unique Serial Number is defined to be 128 bits and is based on
the manufacturing lot identifier and additional information specific to each device in a manufacturing lot.

Unique serial number
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10.4.4 Flash control and configuration registers map

Table 55 shows the mapping for the flash memory register addresses for all devices.

Table 55. Flash memory register addresses

Register

Address

Flash Controller Registers (all devices)

Bus Interface Unit Configuration Register

0xC3F8_801C

(BIUCR)

Bus Interface Unit Access Protection Register 0xC3F8_8020
(BIUAPR)

Bus Interface Unit Configuration Register 2 0xC3F8_8024
(BIUCR2)

PFlash Configuration Register 3 (PFCR3)

0xC3F8_8028

Flash Bank0, Array0 (all devices)

Module Configuration Register (MCR)

0xC3F8_8000

Low/Mid-Address Space Block Locking
Register (LMLR)

0xC3F8_8004

High-Address Space Block Locking Register
(HLR) - not used

0xC3F8_8008

Secondary Low/Mid-Address Space Block
Locking Register (SLMLR)

0xC3F8_800C

Low/Mid-Address Space Block Select Register
(LMSR)

0xC3F8_8010

High-Address Space Block Select Register
(HSR) - not used

0xC3F8_8014

Address Register (AR)

0xC3F8_8018

User Test 0 (UTO) register

0xC3F8_803C

User Test 1 (UT1) register

0xC3F8_8040

User Test 2 (UT2) register

0xC3F8_8044

User Multiple Input Signature Register 0
(UMISRO)

0xC3F8_8048

User Multiple Input Signature Register 1
(UMISR1)

0xC3F8_804C

User Multiple Input Signature Register 2
(UMISR2)

0xC3F8_8050

User Multiple Input Signature Register 3
(UMISR3)

0xC3F8_8054

User Multiple Input Signature Register 4
(UMISR4)

0xC3F8_8058

Flash Bank1, Array1 (all devices)

MCR register

0xC3FB_0000
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Table 55. Flash memory register addresses (continued)

Register

Address

Low/Mid-Address Space Block Locking
Register (LMLR) - not used

0xC3FB_0004

High-Address Space Block Locking Register
(HLR)

0xC3FB_0008

Secondary Low/Mid-Address Space Block
Locking Register (SLMLR) - not used

0xC3FB_000C

Low/Mid-Address Space Block Select Register
(LMSR) - not used

0xC3FB_0010

High-Address Space Block Select Register
(HSR) register

0xC3FB_0014

Address Register (AR)

0xC3FB_0018

User Test 0 (UTO) register

0xC3FB_003C

User Test 1 (UT1) register

0xC3FB_0040

User Test 2 (UT2) register

0xC3FB_0044

User Multiple Input Signature Register 0

0xC3FB_0048

(UMISRO)

User Multiple Input Signature Register 1 0xC3FB_004C
(UMISR1)

User Multiple Input Signature Register 2 0xC3FB_0050
(UMISR2)

User Multiple Input Signature Register 3
(UMISR3)

0xC3FB_0054

User Multiple Input Signature Register 4
(UMISR4)

0xC3FB_0058

Flash Bank1, Array2

(1.5 MB devices only)

Module Configuration Register (MCR)

0xC3FB_4000

Low/Mid-Address Space Block Locking
Register (LMLR) - not used

0xC3FB_4004

High-Address Space Block Locking Register
(HLR)

0xC3FB_4008

Secondary Low/Mid-Address Space Block
Locking Register (SLMLR) - not used

0xC3FB_400C

Low/Mid-Address Space Block Select Register
(LMSR) - not used

0xC3FB_4010

High-Address Space Block Select Register
(HSR) register

0xC3FB_4014

Address Register (AR)

0xC3FB_4018

User Test 0 (UTO) register

0xC3FB_403C

User Test 1 (UT1) register

0xC3FB_4040

User Test 2 (UT2) register

0xC3FB_4044
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Table 55. Flash memory register addresses (continued)

Register Address

User Multiple Input Signature Register 0 0xC3FB_4048
(UMISRO)

User Multiple Input Signature Register 1 0xC3FB_404C
(UMISR1)

User Multiple Input Signature Register 2 0xC3FB_4050
(UMISR2)

User Multiple Input Signature Register 3 0xC3FB_4054
(UMISR3)

User Multiple Input Signature Register 4 0xC3FB_0058
(UMISR4)

10.5 Register descriptions

The following sections detail the flash controller registers and the flash array module registers.

10.5.1 Flash control and configuration registers

MPC5634M devices have control registers that affect flash behavior at the flash controller level and at the
individual array level. The flash controller registers are global in nature. The flash array registers affect
only the flash array module they are associated with.

10.5.1.1 Flash Controller (PFLASH_LCA) Registers

As noted previously, flash controller registers affect flash behavior from the flash controller level (see
Figure 51 on page 211) and are, therefore, global in nature. The registers are:

* Bus Interface Unit (BIU) Configuration Register 1 (BIUCR): globally controls prefetch behavior
and read and write wait states.

* Bus Interface Unit Access Protection Register (BIUAPR) controls the read or write access to the
flash memory array by specifying access for each master port on the XBAR.

* Bus Interface Unit Configuration Register 2 (BIUCR2) globally controls operating behavior of the
four page buffers.

» Platform Flash Configuration Register 3 (PFCR3) contains certain bank1 configuration fields.
These registers are included on all devices in the MPC5634M family.

10.5.1.1.1  Bus Interface Unit Configuration Register (BIUCR)

The BIUCR register contains global configuration fields associated with all attached flash arrays.
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Address

Reset

: 0xC3F8_801C

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
GCE & o & o
o o o o
™ [aY] — o
= = = =
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
APC WWSC RWSC 5 IPFEN PFLIM BFEN
&
o
1 1 1 1] 1 1 1 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 53. Bus Interface Unit Configuration Register (BIUCR)

Table 56. BIUCR field descriptions

If BIUCR[GCE] =
PFCR3[DPFE, IPFE, BFE] settings control prefetch behavior for Bank1.

Field Description
GCE |Global Configuration Enable (Read/Write)
This bit determines if specific fields contained in BIUCR apply globally to the PFLASH
configuration or apply only to the Bank0 configuration. In particular, this applies to BIUCR[DPFEN,
IPFEN, PFLIM, BFEN].
This bit is cleared by reset.
0: Use the contents of BIUCR to configure BankO operation, PFCRS3 to configure bank1 operation
1: Use the contents of BIUCR to configure both BankO and Bank1 operation
M3PFE |Master 3 Prefetch Enable (Read/Write)
This field is not implemented; it has no effect.
M2PFE |Master 2 Prefetch Enable (Read/Write)

These bits are used to control whether prefetching may be triggered by the DMA module.

If prefetch is enabled, prefetch behavior is controlled by a combination of the BIUCR[GCE] value and
other settings as follows.

If BIUCR[GCE] = 1, the BIUCR[DPFEN, IPFEN, BFEN] settings apply to Bank0 and Bank1.

0, the BIUCR[DPFEN, IPFEN, BFEN] settings apply only to BankO, and the

This field is cleared by reset, disabling all prefetching for the DMA module.

0: No prefetching may be triggered by the DMA module
1: Prefetching may be triggered by the DMA module
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Table 56. BIUCR field descriptions (continued)

Field Description

M1PFE |Master 1 Prefetch Enable (Read/Write)

These bits are used to control whether prefetching may be triggered by the Nexus Development Interface
(NDI).

If prefetch is enabled, prefetch behavior is controlled by a combination of the BIUCR[GCE] value and
other settings as follows.

If BIUCR[GCE] = 1, the BIUCR[DPFEN, IPFEN, BFEN] settings apply to BankO and Bank1.

If BIUCR[GCE] = 0, the BIUCR[DPFEN, IPFEN, BFEN] settings apply only to Bank0, and the
PFCR3[DPFE, IPFE, BFE] settings control prefetch behavior for Bank1.

This field is cleared by reset, disabling all prefetching for the NDI.

0: No prefetching may be triggered by the NDI
1: Prefetching may be triggered by the NDI

MOPFE |Master 0 Prefetch Enable (Read/Write)

These bits are used to control whether prefetching may be triggered by the e200z335 processor core.

If prefetch is enabled, prefetch behavior is controlled by a combination of the BIUCR[GCE] value and
other settings as follows.

If BIUCR[GCE] = 1, the BIUCR[DPFEN, IPFEN, BFEN] settings apply to Bank0 and Bank1.

If BIUCR[GCE] = 0, the BIUCR[DPFEN, IPFEN, BFEN] settings apply only to BankO, and the
PFCR3[DPFE, IPFE, BFE] settings control prefetch behavior for Bank1.

This field is cleared by reset, disabling all prefetching for the processor core.

0: No prefetching may be triggered by the processor core
1: Prefetching may be triggered by the processor core

APC  |Address Pipelining Control (Read/Write)

This field is used to control the number of cycles between pipelined access requests.
This field must be set to a value corresponding to the operating frequency and it must be the same value
as RWSC.

This field is set to ‘111’ by hardware reset.

000: Accesses may be initiated on consecutive (back-to-back) cycles
001: Access requests require 1 additional hold cycle

010: Access requests require 2 additional hold cycles

011: Access requests require 3 additional hold cycles

100: Access requests require 4 additional hold cycles

101: Access requests require 5 additional hold cycles

110: Access requests require 6 additional hold cycles

111: No address pipelining
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Table 56. BIUCR field descriptions (continued)

Field

Description

WWSC

Write Wait State Control (Read/Write)

This field is used to control the number of wait-states to be added to the best-case flash array access
time for writes.

The best-case flash array access time for writes is two cycles.

This field must be set to a value corresponding to the operating frequency.
This field is set to ‘11’ by hardware reset.

00: No additional wait-states are added

01: 1 additional wait-state is added

10: 2 additional wait-states are added
11: 3 additional wait-states are added

RWSC

Read Wait State Control (Read/Write)

This field is used to control the number of wait states to be added to the best-case flash array access
time for reads.

The best-case flash array access time for reads is one cycle.

This field must be set to a value corresponding to the operating frequency and it must be the same value
as APC.

This field is set to ‘111’ by hardware reset.

000: No additional wait-states are added
001: 1 additional wait-state is added
010: 2 additional wait-states are added
011: 3 additional wait-states are added
100: 4 additional wait-states are added
101: 5 additional wait-states are added
110: 6 additional wait-states are added
111: 7 additional wait-states are added

DPFEN

Data Prefetch Enable (Read/Write)

This field enables or disables prefetching initiated by a data read access. This field is a global control
affecting the operation of both flash banks if BIUCR[GCE] = 1, else it controls only BankO. It is cleared
by hardware reset.

0: No prefetching is triggered by a data read access
1: If page buffers are enabled (BFEN = 1), prefetching is triggered by any data read access

IPFEN

Instruction Prefetch Enable (Read/Write)

This field enables or disables prefetching initiated by an instruction fetch read access. This field is a
global control affecting the operation of both flash banks if BIUCR[GCE] = 1, else it controls only BankO.
It is cleared by hardware reset.

0: No prefetching is triggered by an instruction fetch read access
1: If page buffers are enabled (BFEN = 1), prefetching is triggered by any instruction fetch read access
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Table 56. BIUCR field descriptions (continued)

Field Description
PFLIM |Prefetch Limit (Read/Write)
This field controls the prefetch algorithm used by the PFLASH controller. This field defines the prefetch
behavior. In all situations when enabled, only a single prefetch is initiated on each buffer miss or hit. This
field is a global control affecting the operation of both flash banks if BIUCR[GCE] = 1, else it controls only
BankO.
It is cleared by hardware reset.
00: No prefetching is performed.
01: The referenced line is prefetched on a buffer miss, that is, prefetch on miss.
1x: The referenced line is prefetched on a buffer miss, or the next sequential page is prefetched on a
buffer hit (if not already present), that is, prefetch on miss or hit.
BFEN |Buffer Enable (Read/Write)
This bit enables or disables page buffer read hits and is a global control affecting the operation of both
flash banks if BIUCR[GCE] = 1, else it controls only BankO. It is also used to invalidate the buffers.
This bit is cleared by hardware reset.
0: The page buffers are disabled from satisfying read requests, and all buffer valid bits are cleared.
1: The page buffers are enabled to satisfy read requests on hits. Buffer valid bits may be set when the
buffers are successfully filled.
10.5.1.1.2 Bus Interface Unit Access Protection Register (BIUAPR)

The BIUAPR controls the read or write access to the flash memory array given to the master ports of the

XBAR.

Address: 0xC3F8_8020

Reset

Reset

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

M3AP M2AP M1AP MOAP

= Unimplemented or Reserved

Figure 54. Bus Interface Unit Access Protection Register (BIUAPR)
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Table 57. BIUAPR field descriptions

Field Description
M3AP |Master 3 Access Protection (Read/Write)
This field is not implemented; it has no effect.
M2AP |Master 2 Access Protection (Read/Write)
Controls whether the DMA module is allowed to make read and write accesses to the flash.
00: No accesses may be performed by the DMA module
01: Only read accesses may be performed by the DMA module
10: Only write accesses may be performed by the DMA module
11: Both read and write accesses may be performed by the DMA module
M1AP |Master 1 Access Protection (Read/Write)
Controls whether the Nexus Development Interface (NDI) is allowed to make read and write accesses to
the flash.
00: No accesses may be performed by the NDI
01: Only read accesses may be performed by the NDI
10: Only write accesses may be performed by the NDI
11: Both read and write accesses may be performed by the NDI
MOAP |Master 0 Access Protection (Read/Write)
Controls whether the e200z335 processor core is allowed to make read and write accesses to the flash.
00: No accesses may be performed by the processor core
01: Only read accesses may be performed by the processor core
10: Only write accesses may be performed by the processor core
11: Both read and write accesses may be performed by the processor core

See Section 10.2.3.3, “Censorship for information on how flash censorship can affect accesses to the

BIUAPR. See Chapter 8, “Multi-Layer AHB Crossbar Switch (XBAR) for more information on the

Crossbar.

10.5.1.1.3

Bus Interface Unit Configuration Register 2 (BIUCR2)

The BIUCR2 globally defines the logical partitioning of the four page buffers.

To temporarily change the values of any of the fields in the BIUCR2, a write to the register is performed.
To change the values loaded into the BIUCR2 at reset, the word location at address 0xOOFF_FEOQO of the
shadow block in Bank0, Array0 must be programmed using the normal sequence of operations

MPC5634M Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

243



Address: 0xC3F8_8024

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

R
LBCFG

W

Reset See Note'

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

R
w
Reset
= Unimplemented or Reserved
Figure 55. Bus Interface Unit Configuration Register 2 (BIUCR2)
NOTES:

1 Default reset value comes from the Shadow Block - OxFF_FEQO.

Table 58. BIUCR2 field descriptions

Field Description

LBCFG [Line Buffer Configuration (Read/Write)

This field globally controls the configuration of the four line buffers in the PFLASH controller. The buffers
can be organized as a “pool” of available resources, or with a fixed partition between instruction and data
buffers.

In all cases, when a buffer miss occurs, it is allocated to the least-recently-used buffer within the group
and the just-fetched entry then marked as most-recently-used. If the flash access is for the
next-sequential line, the buffer is not marked as most-recently-used until the given address produces a
buffer hit.

This field is initialized by hardware reset to the value contained in address 0xO0FF_FEOO (in the Shadow
Block of BankO0, Array0). An erased or unprogrammed flash sets this field to Ob11.

00: All four buffers are available for any flash access, that is, there is no partitioning based on the access
type.

01: Reserved

10: The buffers are partitioned into two groups with buffers 0 and 1 allocated for instruction fetches and
buffers 2 and 3 for data accesses.

11: The buffers are partitioned into two groups with buffers 0,1,2 allocated for instruction fetches and
buffer 3 for data accesses.

10.5.1.1.4  Platform Flash Configuration Register 3 (PFCR3)
The PFLASH Configuration Register 3 (PFCR3) defines certain bank1 configuration fields.
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To temporarily change the values of any of the fields in the PFCR3, a write to the register is performed.
To change the values loaded into the PFCR3 at reset, the word location at address 0xOOFF_FEO08 of the

shadow block in Bank(, Array0 must be programmed using the normal sequence of operations.

Address: 0xC3F8_8028

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
w
Reset See Note'
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
L L
a = B1_PFLIM | O
W | ‘_\ -
5 o &
Reset
= Unimplemented or Reserved
NOTES:

1

Figure 56. PFLASH Configuration Register 3 (PFCR3)

Reset value is read from OxFF_FEO8 in the shadow block.

Table 59. PFCR3 field descriptions

Field

Description

B1_DPFE

Bank1 Data Prefetch Enable (Read/Write)

This field enables or disables prefetching initiated by a data read access to Bank1. This field is
operational only if BI[UCR[GCE] = 0.

An erased or unprogrammed flash sets this field to Ob1.

0: No prefetching is triggered by a data read access
1: If page buffers are enabled (BFE = 1), prefetching is triggered by any data read access

B1_IPFE

Bank1 Instruction Prefetch Enable (Read/Write)

This field enables or disables prefetching initiated by an instruction fetch read access to Bank1. This field

is operational only if BIUCR[GCE] = 0.

An erased or unprogrammed flash sets this field to Ob1.

0: No prefetching is triggered by an instruction fetch read access
1: If page buffers are enabled (BFE = 1), prefetching is triggered by any instruction fetch read access
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Table 59. PFCRS field descriptions (continued)

Field Description

B1_PFLIM [Bank1 Prefetch Limit (Read/Write)

This field controls the prefetch algorithm used by the PFLASH controller for Bank1. In all situations when
enabled, only a single prefetch is initiated on each buffer miss or hit. This field is operational only if
BIUCR[GCE] = 0.

An erased or unprogrammed flash sets this field to Ob11.

00: No prefetching is performed.

01: The referenced line is prefetched on a buffer miss, that is, prefetch on miss.

1x: The referenced line is prefetched on a buffer miss, or the next sequential page is prefetched on a
buffer hit (if not already present), that is, prefetch on miss or hit.

B1_BFE |Bank1 Buffer Enable (Read/Write)

This bit enables or disables page buffer read hits and it is also used to invalidate the buffers. This field
only configures bank1 if BIUCR[GCE] = 0.

0: The page buffers are disabled from satisfying read requests, and all buffer valid bits are cleared.
1: The page buffers are enabled to satisfy read requests on hits. Buffer valid bits may be set when the
buffers are successfully filled.

10.5.1.2 Flash array module registers

As detailed previously (see Figure 51), devices in the MPC5634M family have up to three flash memory
array modules in two banks.

BankO has one 528 KB module that includes a 16 KB shadow block. On devices with 768 KB of
flash memory, only the first 256 KB of addressable space plus the shadow block is used.

Bank1 contains one or two flash array modules, one (Arrayl) in 768 KB and 1 MB devices, and
two (Arrayl and Array2) in 1.5 MB devices.

Each flash array module register controls configuration and behavior for a specific array. Each flash array
has the following registers but not all registers are used for all arrays:

Module configuration register (MCR)

Low/mid address space block locking (LMLR) register

High address space block locking (HLR) register (not used on Bank0, Array0)
Secondary low/mid address space block lock (SLMLR) register (used only on Bank0, Array0)
Low/Mid address space block select (LMSR) register (used only on Bank0, Array0)
High address space block select (HSR) register (not used on Bank0, Array0)
Address (AR) register

User test 0 (UTO) register

User test 1 (UT1) register

User test 2 (UT2) register

User multiple input signature register 0 (UMISRO) register
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» User multiple input signature register 1 (UMISR1) register
» User multiple input signature register 2 (UMISR2) register
» User multiple input signature register 3 (UMISR3) register
» User multiple input signature register 4 (UMISR4) register

NOTE

When a register is described as not being used, e.g., the HLR register is not

used in Bank0, Array0, that means it physically exists but is not used to
control the behavior of its associated array. The register may be used for

some internal functions so programs should not use those registers for any

reason.

10.5.1.2.1 Module Configuration Register (MCR)

The MCR contains ECC status data, read-only configuration information, read-while-write status

information and read/write control fields.

All flash array modules have an associated MCR. See Section 10.4.4, “Flash control and configuration

registers map for the flash memory registers address map.

The MCR is defined in Figure 57 and Table 61.

Address is array-dependent—see Table 55.
BankO0, Array0: 0xC3F8_8000
Bank1, Array1: 0xC3FB_0000
Bank1, Array2: OxC3FB_4000

Access: User read/write

0 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13| 14 | 15
R| enc SIzE LAS MAS
w
Reset See Note'
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | 31
R| EER | RWE PEAS | DONE | PEG PGM | PSUS | ERS | ESUS | EHV
w
Reset

= Unimplemented or Reserved

Figure 57. Module Configuration Register (MCR)

NOTES:

' The reset value is: 0x02700600 for the 544 KB array module (Array0); 002000600 for the 528 KB array modules

(Array1 and Array2).
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A number of MCR bits are protected against write when another bit, or set of bits, is in a specific state.
These write locks are covered on a bit by bit basis in Table 61, but those locks do not consider the effects
of trying to write two or more bits simultaneously.

The flash does not allow an application to write bits simultaneously that would put the device into an
illegal state. This is implemented through a priority mechanism among the bits. The bit changing priorities
are detailed in Table 60.

Table 60. MCR bits set/clear priority levels

Priority level MCR bits
1 ERS
2 PGM
3 EHV
4 ESUS

Table 61. MCR field descriptions

Field Description

EDC ECC Data Correction (Read/Clear)

EDC provides information on previous reads. If an ECC Single Error detection and correction occurred,
the EDC bit is set to 1. This bit must then be cleared, or a reset must occur before this bit will return to a
0 state. This bit may not be set to 1 by an application.

In the event of an ECC Double Error detection, this bit is not set.

If EDC is not set, or remains 0, this indicates that all previous reads (from the last reset, or clearing of
EDC) were not corrected through ECC.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the bit. A write of 0 has no effect.
The function of this bit is device dependent and it can be configured to be disabled (through UTO[SBCE]).

0: Reads are occurring normally.
1: An ECC Single Error occurred and was corrected during a previous read.

SIZE |Array Size (Read Only)

000: 128 KB
001: 256 KB
010: 512 KB
011: 1056 KB
100: 1536 KB
101: Reserved
110: 64 KB
111: Reserved
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Table 61. MCR field descriptions (continued)

Field Description

LAS Low Address Space (Read Only)
Indicates configuration of the Low Address Space. Value is array-dependent.
BankO, ArrayO:
111:2x 16 KB+ 2 x 32 KB + 2 x 16 KB + 2 x 64 KB blocks in low address space.
Bank1, Array1 and Bank1, Array2:
000: No small blocks

MAS |Mid Address Space (Read Only)
Indicates configuration of the Mid Address Space.
BankO0, ArrayO:
0: 2 x 128 KB blocks in mid address space
Bank1, Array1 and Bank1, Array2:
No mid address space

EER ECC Event Error (Read/Clear)
EER provides information on previous reads. If a double bit error detection occurs, the EER bit is set to
a 1. This bit must then be cleared, or a reset must occur before this bit returns to a 0 state. This bit may
not be set by an application.
In the event of a single bit detection and correction, this bit is not set.
If EER is not set, or remains 0, this indicates all previous reads (from the last reset, or clearing of EER)
were correct. Since this bit is an error flag, it must be cleared to a 0 by writing a 1 to the bit. A write of 0
has no effect.
0: Reads are occurring normally
1: An ECC Double Error occurred during a previous read

RWE |Read-While-Write Event Error (Read/Clear)
RWE provides information on previous reads when a Modify operation is ongoing. If a RWW Error occurs,
the RWE bit is set to 1. Read-While-Write Error means that a read access to the flash array has occurred
while a Program or Erase operation or an Array Integrity
Check was being performed. This bit must then be cleared, or a reset must occur before this bit will return
to a 0 state. This bit may not be set to 1 by an application.
If RWE is not set, or remains 0, this indicates that all previous RWW reads (from the last reset, or clearing
of RWE) were correct. Since this bit is an error flag, it must be cleared to 0 by writing 1 to the bit. A write
of 0 will have no effect.
0: Reads are occurring normally.
1: A RWW Error occurred during a previous read.
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Table 61. MCR field descriptions (continued)

Field Description

PEAS |Program/Erase Access Space (Read Only)

PEAS is used to indicate which space is valid for program and erase operations, either main array space
or shadow space. PEAS = 0 indicates that the main address space is active for all flash controller
program and erase operations. PEAS = 1 indicates the shadow address space is active for
program/erase. The value in PEAS is captured and held when the shadow block is enabled with the first
interlock write done for program or erase operations. The value of PEAS is retained between sampling
events (i.e., subsequent first interlock writes). The value in PEAS may be changed during
erase-suspended program, and reverts back to its’ original state once the erase-suspended program is
completed. PEAS is read only.

0: Shadow address space is disabled for program/erase and main address space enabled
1: Shadow address space is enabled for program/erase and main address space disabled

DONE |Status (Read Only)

DONE indicates whether the flash module is performing a high voltage operation.

* DONE is set to a 1 on termination of the flash module reset.

* DONE is cleared by a 0 to 1 transition of EHV which initiates a high voltage operation.
* DONE is cleared by resuming a suspended operation.

* DONE is set to a 1 at the end of program and erase high voltage sequences.

* DONE is setto a 1 by a 1 to 0 transition of EHV which aborts a high voltage operation.

0: Flash is executing a high voltage operation
1: Flash is not executing a high voltage operation
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Table 61. MCR field descriptions (continued)

Field Description

PEG Program/Erase Good (Read Only)
The PEG bit indicates the completion status of the last Flash Program or Erase sequence for which high
voltage operations were initiated. The value of PEG is updated automatically during the Program and
Erase high voltage operations.
Aborting a Program/Erase high voltage operation will cause PEG to be cleared to 0, indicating the
sequence failed.
PEG is set to 1 when the flash module is reset, unless a flash initialization error has been detected.
The value of PEG is valid only when PGM = 1 and/or ERS = 1 and after DONE transitions from O to 1
due to an abort or the completion of a Program/Erase operation. PEG is valid until PGM/ERS makes a 1
to 0 transition or EHV makes a 0 to 1 transition.
The value in PEG is not valid after a 0 to 1 transition of DONE caused by ESUS being set to logic 1.
If Program or Erase operations are attempted on blocks that are locked, the response will be PEG = 1,
indicating that the operation was successful, and the content of the block were properly protected from
the Program or Erase operation.
If a Program operation tries to program to ‘1’ bits that are at ‘0’, the program operation is correctly
executed on the new bits to be programmed at ‘0’, but PEG is cleared, indicating that the requested
operation has failed.
In Array Integrity Check or Margin Mode PEG is set to 1 when the operation is completed, regardless of
the occurrence of any error. The presence of errors can be detected only comparing checksum value
stored in UMIRSO0-1.
Aborting an Array Integrity Check or a Margin Mode operation will cause PEG to be cleared to 0,
indicating the sequence failed.
0: Program or Erase operation failed.
1: Program or Erase operation successful.

PGM  |Program (Read/Write)
PGM is used to setup the flash array module for a Program operation.
A 0 to 1 transition of PGM initiates a Program sequence. A 1 to 0 transition of PGM ends the Program
sequence.
PGM can be set only under User Mode Read (ERS is low and UTO[AIE] is low).
PGM can be cleared by an application only when EHV is low and DONE is high.
PGM is cleared on reset.
0: Flash is not executing a Program sequence.
1: Flash is executing a Program sequence.

PSUS |Program Suspend (Read/Write)
A write to this bit has no effect, but the written data can be read back.
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Table 61. MCR field descriptions (continued)

Field Description

ERS Erase (Read/Write)
Used to setup the flash array module for an Erase operation.

A 0 to 1 transition of ERS initiates an Erase sequence. A 1 to 0 transition of ERS ends the Erase
sequence.

ERS can be set only under User Mode Read (PGM is low and UTO[AIE] is low).
ERS can be cleared by an application only when ESUS and EHV are low and DONE is high.

ERS is cleared on reset.
0: Flash is not executing an Erase sequence.
1: Flash is executing an Erase sequence.

ESUS |Erase Suspend (Read/Write)

Used to indicate the flash array module is in Erase Suspend or in the process of entering a Suspend
state. The flash array module is in Erase Suspend when ESUS = 1 and DONE = 1.

ESUS can be set high only when ERS and EHV are high and PGM is low.
A 0 to 1 transition of ESUS starts the sequence which sets DONE and places the flash in Erase Suspend.

ESUS can be cleared only when DONE and EHV are high and PGM is low.
A 1 to 0 transition of ESUS with EHV = 1 starts the sequence which clears DONE and returns the Module
to Erase.

The flash module cannot exit Erase Suspend and clear DONE while EHV is low.
ESUS is cleared on reset.

0: Erase sequence is not suspended.
1: Erase sequence is suspended.
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Table 61. MCR field descriptions (continued)

Field Description

EHV Enable High Voltage (Read/Write)
The EHV bit enables the flash module for a high voltage Program/Erase operation.
EHV is cleared on reset.
EHV must be set after an interlock write to start a Program/Erase sequence. EHV may be set under one
of the following conditions:
* Erase (ERS =1, ESUS =0, UTO[AIE] = 0)
* Program (ERS = 0, ESUS = 0, PGM = 1, UTO[AIE] = 0)
In normal operation, a 1 to 0 transition of EHV with DONE high and ESUS low terminates the current
Program/Erase high voltage operation. When an operation is aborted, there is a 1 to 0 transition of EHV
with DONE low and the eventual Suspend bit low. An abort causes the value of PEG to be cleared,
indicating a failing Program/Erase. Address locations being operated on by the aborted operation contain
indeterminate data after an abort.
A suspended operation cannot be aborted.
Aborting a high voltage operation will leave the flash module addresses in an indeterminate data state.
This may be recovered by executing an Erase on the affected blocks.
EHV may be written during Suspend. EHV must be high to exit Suspend. EHV may not be written after
ESUS is set and before DONE transitions high. EHV may not be cleared after ESUS is cleared and before
DONE transitions low.
0: Flash is not enabled to perform an high voltage operation.
1: Flash is enabled to perform an high voltage operation.

10.5.1.2.2 Low/Mid Address Space Block Locking Register (LMLR)

The LMLR provides a means to protect blocks from being modified. These bits, along with bits in the

SLMLR register, determine if the block is locked from program or erase. A logical “OR” of the LMLR
and SLMLR register values determine the final lock status.

Only BankO Array0 has uses an LMLR register. See Section 10.4.4, “Flash control and configuration

registers map for the flash memory registers address map.

The LMLR register is defined in Figure 58 and Table 62.
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Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_8004
Bank1, Array1: 0xC3F8_0004
Bank1, Array2: 0OxC3F8_0004

Reset!

Reset

1NOTES:

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13| 14 | 15
LME S MLOCK
o]
)
7]
0 0 0 0 0 0 0 0 0 0 0 X 0 0 X X

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

LLOCK

0 0 0 0 0 0 0 0 X X X X X X X X

= Unimplemented or Reserved

Figure 58. Low/Mid Address Space Block Locking Register (LMLR)

Default reset value comes from the Test Flash - Address is 0xBF_FDES.

Table 62. LMLR field descriptions

Field

Description

LME

Low/Mid address space block enable (Read Only)

This bit indicates whether the lock fields (SLOCK, MLOCK and LLOCK) can be set or cleared by register
writes.

This bit is a status bit only. This bit is set by writing a password, and if the password matches, the LME
bit is set to reflect the status of enabled, and is enabled until a reset operation occurs.

For LME the password OxA1A11111 must be written to the LMLR register.

0: Low address locks are disabled: SLOCK, MLOCK1-0 and LLOCK7-0 cannot be written.
1: Low address locks are enabled: SLOCK, MLOCK1-0 and LLOCK7-0 can be written.
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Table 62. LMLR field descriptions (continued)

Field Description

SLOCK |Shadow address space block lock (Read/Write)
This bit is used to lock the block of Shadow Address Space from Program and Erase. It is also used to
unlock the flash test sector.
A value of 1 in the SLOCK field signifies that the Shadow block is locked for Program and Erase. A value
of 0 signifies that the Shadow block is available to receive Program and Erase pulses.
The SLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the SLOCK field is not writable if a high voltage
operation is suspended.
Upon reset, information from a protected area of flash is loaded into the SLOCK field. Reset will cause
the bit to go back to its stored. The default value of the SLOCK bit (assuming erased fuses) is locked.
SLOCK is not writable unless LME is high.
0: Shadow address space block is unlocked and can be modified (if also SLMLR[SSLOCK] = 0).
1: Shadow address space block is locked and cannot be modified.

MLOCK [Mid address space block lock (Read/Write)

These bits are used to individually lock or unlock blocks of flash memory residing in the mid address
space of Array0 from being programmed or erased.

Referring to Table 52 on page 233, MLOCK[1-0] apply to blocks 7 and 6, respectively.

A value of 1 signifies that the block is locked from Program and Erase operations. A value of 0 signifies
that the block is available to receive Program and Erase pulses.

The MLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the MLOCK field is not writable if a high voltage
operation is suspended.

Upon reset, information from a protected area of flash is loaded into the MLOCK field. Reset will cause
the bits to go back to their stored values. The default value of each MLOCK bit (assuming erased fuses)
is locked.

In the event that blocks are not present (due to configuration or total memory size), the MLOCK bits
default to locked, and are not writable. The reset value will always be 1, and writes will have no effect.

MLOCK is not writable unless LME is high.

0: Mid address space block is unlocked and can be modified (if also SLMLR[SSLOCK] = 0).
1: Mid address space block is locked and cannot be modified.
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Table 62. LMLR field descriptions (continued)

Field Description

LLOCK |Low address space block lock (Read/Write)

These bits are used to individually lock or unlock blocks of flash memory residing in the low address
space of Array0 from being programmed or erased.

Referring to Table 52 on page 233, LLOCK][7-0] apply to blocks 5, 4, 3, 2b, 2a, 1b, 1a and 0, respectively.

A value of 1 in a bit of the LLOCK field signifies that the corresponding block is locked for Program and
Erase. A value of 0 signifies that the corresponding block is available to receive Program and Erase
pulses.

The LLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the LLOCK field is not writable if a high voltage
operation is suspended.

Upon reset, information from a protected area of flash is loaded into the LLOCK field. Reset will cause
the bits to go back to their stored values. The default value of each LLOCK bit (assuming erased fuses)
is locked.

In the event that blocks are not present (due to configuration or total memory size), the LLOCK bits default
to locked, and are not writable. The reset value will always be 1, and writes will have no effect.

LLOCK is not writable unless LME is high.

0: Low address space block is unlocked and can be modified (if also SLMLR[SLLOCK] = 0).
1: Low address space block is locked and cannot be modified.

10.5.1.2.3 High Address Space Block Locking Register (HLR)
The HLR provides a means to protect blocks from being modified.

All flash array modules except Bank0, Array0 use an HLR. See Section 10.4.4, “Flash control and
configuration registers map for the flash memory registers address map.1

The HLR is defined in Figure 59 and Table 63.

MPC5634M Microcontroller Reference Manual, Rev. 6

256 Freescale Semiconductor



Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: N/A

Bank1, Array1: 0xC3FB_0008

Bank1, Array2: OxC3FB_4008

Reset!

Reset

q\lOTES:

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

HBLOCK

0 0 0 0 0 0 0 0 0 0 0 0 X X X X

= Unimplemented or Reserved

Figure 59. High Address Space Block Locking Register (HLR)

Default reset value comes from the Test Flash - Address is 0OxBF_FDFO.

Table 63. HLR field descriptions

Field

Description

HBE

High address space Block Enable (Read Only)

This bit is used to enable the lock bits (HBLOCK[3-0]) to be set or cleared by register writes. This bit is
a status bit only. This bit is set by writing a password, and if the password matches, the HBE bit is set to
reflect the status of enabled, and is enabled until a reset operation occurs.

For HBE the password 0xB2B22222 must be written to the HLR.

0: High address space locks are disabled: HBLOCK[3-0] cannot be written.
1: High address space locks are enabled: HBLOCK[3-0] can be written.
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Table 63. HLR field descriptions (continued)

Field Description

HBLOCK [High address space block lock (Read/Write)
These bits are used to lock or unlock blocks of High Address Space from Program and Erase operations.

A value of 1 in a bit of the HBLOCK field signifies that the corresponding block is locked for Program and
Erase. A value of 0 signifies that the corresponding block is available to receive Program and Erase
pulses.

Referring to Table 52 on page 233, HBLOCK][3-0] correspond to the blocks in the high address space of
the flash array associated with this register.

In Array1, HBLOCK]3-0] apply to blocks 11, 10, 9 and 8, respectively. In Array2, HBLOCK][3-0] apply to
blocks 15, 14, 13 and 12, respectively.

The HBLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the HBLOCK field is not writable if a high voltage
operation is suspended.

Upon reset, information from a protected flash block is loaded into the HBLOCK field. Reset will cause
the bits to go back to their stored value. The default value of the HBLOCK bits (assuming erased fuses)
is locked.

In the event that blocks are not present (due to configuration or total memory size), the HBLOCK bits will
default to locked, and will not be writable. The reset value will always be 1 and writes will have no effect.
HBLOCK is not writable unless HBE is high.

0: High address space block is unlocked and can be modified.
1: High address space block is locked and cannot be modified.

10.5.1.2.4 Secondary Low/Mid Address Space Block Lock Register (SLMLR)

The SLMLR provides an alternative means to protect blocks from being modified. These bits, along with
bits in the LMLR, determine if the block is locked from Program or Erase. An “OR” of LMLR and SLMLR
determine the final lock status.

Only BankO Array0 uses an SLMLR. See Section 10.4.4, “Flash control and configuration registers map
for the flash memory registers address map.

The SLMLR is defined in Figure 60 and Table 64.
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Address is array-dependent—see Table 55.

BankO0, Array0: 0xC3F8_800C
Bank1, Array1: N/A
Bank1, Array2: N/A

Reset!

Reset

NOTES:

' The SLMLR register default reset value comes from the Test Flash - Address is OXBF_FDF8.

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
X
SLE 8 SMLOCK
|
(]
n
0 0 0 0 0 0 0 0 0 0 0 X 0 0 X X
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SLLOCK
0 0 0 0 0 0 0 0 X X X X X X X X

= Unimplemented or Reserved

Figure 60. Secondary Low/Mid Address Space Block Lock Register (SLMLR)

Table 64. SLMLR field descriptions

Field

Description

SLE

Secondary low/mid address space block enable (Read Only)

For SLE, the password 0xC3C3_3333 must be written to the SLL register.

This bit is used to enable the lock bit (STSLK, SMK1-0, and SLK15-0) to be set or cleared by register
writes. This bit is a status bit only. The bit is set by writing a password, and if the password matches, the
SLE bit is set to reflect the status of enabled, and is enabled until a reset operation occurs.

0: Secondary Low/Mid Address Locks are disabled: STSLK, SMK1-0, and SLK15-0 cannot be written.
1: Secondary Low/Mid Address Locks are enabled: STSLK, SMK1-0, and SLK15-0 can be written.
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Table 64. SLMLR field descriptions (continued)

Field Description

SSLOCK |Secondary shadow address space block lock (Read/Write)

This bit is used as an alternate means to lock the block of Shadow address space from Program and
Erase. It also locks/unlocks the flash test block.

A value of 1 signifies that the Shadow block is locked for Program and Erase. A value of 0 signifies that
the Shadow block is available to receive Program and Erase pulses.

The SSLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the SSLOCK field is not writable if a high voltage
operation is suspended.

Upon reset, information from a protected area of flash is loaded into the SSLOCK field. Reset will cause
the bit to go back to its stored block value. The default value of the SSLOCK bit (assuming erased fuses)
would be locked.

0: Shadow address space block is unlocked and can be modified (if also LMLR[SLOCK] = 0).
1: Shadow address space block is locked and cannot be modified.

SMLOCK |Secondary mid address space block lock (Read/Write)

These bits provide an alternative means to individually lock or unlock blocks of flash memory residing in
the mid address space of Array0 from being programmed or erased.

Referring to Table 52 on page 233, MLOCK[1-0] apply to blocks 7 and 6, respectively.

A value of 1 signifies that the block is locked from Program and Erase operations. A value of 0 signifies
that the block is available to receive Program and Erase pulses.

The SMLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the SMLOCK field is not writable if a high voltage
operation is suspended.

Upon reset, information from a protected area of flash is loaded into the SMLOCK field. Reset will cause
the bits to go back to their stored values. The default value of each SMLOCK bit (assuming erased fuses)
is locked.

In the event that blocks are not present (due to configuration or total memory size), the SMLOCK bits
default to locked, and are not writable. The reset value will always be 1, and writes will have no effect.

0: Mid address space block is unlocked and can be modified (if also LMLR[MLOCK] = 0).
1: Mid address space block is locked and cannot be modified.
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Table 64. SLMLR field descriptions (continued)

Field Description
SLLOCK |Secondary low address space block lock (Read/Write)
These bits are used to individually lock or unlock blocks of flash memory residing in the low address
space of Array0 from being programmed or erased.
Referring to Table 52 on page 233, SLLOCK[7-0] apply to blocks 5, 4, 3, 2b, 2a, 1b, 1a and 0,
respectively.
A value of 1 in a bit of the SLLOCK field signifies that the corresponding block is locked for Program and
Erase. A value of 0 signifies that the corresponding block is available to receive Program and Erase
pulses.
The SLLOCK field is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the SLLOCK field is not writable if a high voltage
operation is suspended.
Upon reset, information from a protected area of flash is loaded into the SLLOCK field. Reset will cause
the bits to go back to their stored values. The default value of each SLLOCK bit (assuming erased fuses)
is locked.
In the event that blocks are not present (due to configuration or total memory size), the SLLOCK bits
default to locked, and are not writable. The reset value will always be 1, and writes will have no effect.
0: Low address space block is unlocked and can be modified (if also LMLR[LLOCK] = 0).
1: Low address space block is locked and cannot be modified.
10.5.1.2.5 Low/Mid Address Space Block Select Register (LMSR)

The LMSR provides a means to select blocks to be operated on during erase.

Only Bank0 Array0O uses an LMSR. See Section 10.4.4, “Flash control and configuration registers map for
the flash memory registers address map.

The LMSR is defined in Figure 61 and Table 65.
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Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_8010

Bank1, Array1: N/A

Bank1, Array2: N/A

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R MSEL
w
Reset 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 LSEL
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 61. Low/Mid Address Space Block Select Register (LMSR)
Table 65. LMSR field descriptions
Field Description

MSEL [Mid address space block select (Read/Write)

A value of 1 in an MSEL bit signifies that the associated block is selected for erase. A value of 0 signifies
that the block is not selected for erase.

The reset value for the field is 0, or unselected.

Referring to Table 52 on page 233, MSEL[1-0] affect the blocks in the mid address space of Array0 and
apply to blocks 7 and 6, respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the Erase
sequence. The select field is not writable once an interlock write is completed or if a high voltage
operation is suspended. In the event that blocks are not present (due to configuration or total memory
size), the corresponding MSEL bits will default to unselected, and will not be writable.

The reset value will always be 0, and writes will have no effect.

0: Mid address space block is unselected for Erase.
1: Mid address space block is selected for Erase.
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Table 65. LMSR field descriptions (continued)

Field

Description

LSEL

Low address space block select (Read/Write)

A value of 1in an LSEL bit signifies that the associated block is selected for erase. A value of 0 signifies
that the block is not selected for erase.

The reset value is 0, or unselected.

Referring to Table 52 on page 233, LSEL[7-0] affect the blocks in the low address space of ArrayO.
Bits LSEL[7-0] apply to blocks 5, 4, 3, 2b, 2a, 1b, 1a and 0, respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the Erase
sequence. The select field is not writable once an interlock write is completed or if a high voltage
operation is suspended. In the event that blocks are not present (due to configuration or total memory
size), the corresponding LSEL bits will default to unselected, and will not be writable.

The reset value will always be 0, and writes will have no effect.

0: Low address space block is unselected for Erase.
1: Low address space block is selected for Erase.

10.5.1.2.6

High Address Space Block Select Register (HSR)

The HSR register provides a means to select blocks to be operated on during erase.

All flash array modules except Bank0, Array0 use an HSR register. See Section 10.4.4, “Flash control and
configuration registers map for the flash memory registers address map.

The HSR register is defined in Figure 62 and Table 66.
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Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: N/A

Bank1, Array1: 0xC3FB_0014

Bank1, Array2: OxC3FB_4014

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
w
Reset 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 HBSEL
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 62. High Address Space Block Select Register (HSR)
Table 66. HSR field descriptions
Field Description

HBSEL | High address space block select (Read/Write)

Avalue of 1in an HBSEL bit signifies that the associated block is selected for erase. A value of 0 signifies
that the block is not selected for erase.

The reset value is 0, or unselected.

Referring to Table 52 on page 233, HBSEL[3-0] correspond to the blocks in the high address space of
the flash array associated with this field.

In Array1, HBLOCK[3-0] apply to blocks 11, 10, 9 and 8, respectively. In Array2, HBLOCK[3-0] apply to
blocks 15, 14, 13 and 12, respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the Erase
sequence. The select field is not writable once an interlock write is completed or if a high voltage
operation is suspended. In the event that blocks are not present (due to configuration or total memory
size), the corresponding HBSEL bits will default to unselected, and will not be writable.

The reset value will always be 0, and writes will have no effect.

0: High Address Space Block is unselected for Erase.
1: High Address Space Block is selected for Erase.

10.5.1.2.7 Address Register (AR)

The Address Register provides the first failing address in the event of module-level failures (ECC, RWW
or flash controller) or the first address at which an ECC single error correction occurs.
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All flash array modules have an associated AR. See Section 10.4.4, “Flash control and configuration
registers map for the flash memory registers address map.

The AR is defined in Figure 63 and Table 67.

Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_8018
Bank1, Array1: 0xC3FB_0018
Bank1, Array2: OxC3FB_4018

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| sab ADDR[20-16]
w
Reset ¢ 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 ADDR[15-3]
w
Reset ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 63. Address Register (AR)
Table 67. AR field descriptions
Field Description
SAD Shadow address (Read Only)
When this bit is high, the address indicated by ADDR[20-3] belongs to the Shadow block.
ADDR |Address 20—-3 (Read Only)

The Address Register provides the first failing address in the event of an ECC error (MCR[EER] set) or
the first failing address in the event of an RWW error (MCR[RWE] set), or the address of a failure that
may have occurred in a flash controller operation (MCR[PEG] cleared). The Address Register also
provides the first address at which an ECC single error correction occurs (MCR[EDC] set), if the device
is configured to show this feature (through UTO[SBCE]).

The ECC double error detection takes the highest priority, followed by the RWW error, the flash controller
error and the ECC single error correction. When accessed AR will provide the address related to the first
event occurred with the highest priority. The priorities between these four possible events is summarized
in Table 68.

This address is always a double word address that selects 64 bits.
In case of a simultaneous ECC Double Error Detection on both double words of the same page, bit

ADDRS3 will output 0. The same is valid for a simultaneous ECC Single Error Correction on both double
words of the same page.
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Table 68. AR content priority list

Priority level Error flag AR content
1 MCRI[EER] =1 Address of first ECC Double Error
2 MCR[RWE] =1 Address of first RWW Error
3 MCR[PEG] =0 Address of first flash controller Error
4 MCRI[EDC] =1 Address of first ECC Single Error Correction

10.5.1.2.8 User Test 0 (UTO) Register
The UTO register controls ability to perform test features on the flash.

All flash array modules have a UTO register. See Section 10.4.4, “Flash control and configuration registers

map for the flash memory registers address map.

The UTO register is defined in Figure 64 and Table 69.

Address is array-dependent—see Table 55. Access: User read/write

BankO0, Array0: 0xC3F8_803C
Bank1, Array1: 0xC3FB_003C
Bank1, Array2: 0xC3FB_403C

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
R| ute |sBce DSl
W
Reset 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 | 20 | 30 | 3
R X | MRE | MRV | EIE | AIS | AE | AID
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

= Unimplemented or Reserved

Figure 64. User Test 0 (UTO) Register
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Table 69. UTO field descriptions

Field Description
UTE User test enable (Read/Clear)
This status bit gives indicates User Test is enabled. All bits in the UT0-2 and UMISRO0-4 registers are
locked when this bit is 0.
This bit is not writable to a 1, but may be cleared. The reset value is 0.
The method to set this bit is to provide a password, and if the password matches, the UTE bit is set to
reflect the status of enabled, and is enabled until it is cleared by a write.
For UTE the password 0xFOF99999 must be written to the UTO register.
SBCE |[Single bit correction enable (Read/Clear)
This bit, when high, enables the device to flag the information about any eventual ECC single bit
correction in the flash array (MCR[EDC]).
DSl Data syndrome input (Read/Write)
These bits represent the input of syndrome bits of ECC logic used in the ECC Logic Check. The DSI7-0
bits correspond to the 8 syndrome bits on a double word.
These bits are not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns
indeterminate data; writing has no effect.
0: The syndrome bit is forced at 0.
1: The syndrome bit is forced at 1.
Reserved |Reserved (Read/Write)
(bit 25)
This bit can be written and its value can be read back, but there is no function associated. This bit is not
accessible whenever MCR[DONE] or UTOQ[AID] are low. Reading returns indeterminate data; writing has
no effect.
MRE |Factory Margin Read Enable (Read/Write)
MRE enables margin reads to be done. This bit, combined with MRV, enables regular user mode reads
to be replaced by margin reads.
Margin reads are only active during Array Integrity Checks; Normal User reads are not affected by MRE.
This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns indeterminate
data; writing has no effect.
0: Margin reads are not enabled.
1: Margin reads are enabled.
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Table 69. UTO field descriptions (continued)

Field Description

MRV  [Factory Margin Read Value (Read/Write)

If MRE is high, MRV selects the margin level that is being checked. Margin can be checked to an erased
level (MRV = 1) or to a programmed level (MRV = 0).

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns indeterminate
data; writing has no effect.

0: Zero’s (programmed) margin reads are requested (if MRE = 1).
1: One’s (erased) margin reads are requested (if MRE = 1).

EIE ECC data Input Enable (Read/Write)

EIE enables the ECC Logic Check operation to be done.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns indeterminate
data; writing has no effect.

0: ECC Logic Check is not enabled.
1: ECC Logic Check is enabled.

AlS Array Integrity Sequence (Read/Write)
AIS determines the address sequence to be used during array integrity checks.

The default sequence (AIS = 0) is meant to replicate sequences normal user code follows, and thoroughly
checks the read propagation paths. This sequence is proprietary.

The alternative sequence (AIS = 1) is just logically sequential. It should be noted that the time to run a
sequential sequence is significantly shorter than the time to run the proprietary sequence.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns indeterminate
data; writing has no effect.

0: Array Integrity or Margin Mode sequence is proprietary sequence.
1: Array Integrity or Margin Mode sequence is sequential.

AlE Array Integrity Enable (Read/Write)

AIE set to 1 starts the Array Integrity Check done on all selected and unlocked blocks. The pattern is
selected by AIS, and the MISR (UMISR0-4) can be checked after the operation is complete, to determine
if a correct signature is obtained.

AIE can be set only if MCR[ERS], MCR[PGM] and MCR[EHV] are all low.

0: Array Integrity Checks, Factory Margin Reads and ECC Logic Checks are not enabled.
1: Array Integrity Checks, Factory Margin Reads and ECC Logic Checks are enabled.
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Table 69. UTO field descriptions (continued)

Field Description

AID Array Integrity Done (Read Only)

AID is cleared upon an Array Integrity Check being enabled (to signify the operation is ongoing). Once
completed, AID is set to indicate that the Array Integrity Check is complete. At this time the MISR
(UMISR0—4) can be checked.

0: Array Integrity Check is ongoing.
1: Array Integrity Check is done.

10.5.1.2.9 User Test 1 (UT1) Register

The UT1 register allows to enable the checks on the ECC logic related to the 32 LSB of the double word.
The register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns
indeterminate data; writing has no effect.

All flash array modules have a UT1 register. See Section 10.4.4, “Flash control and configuration registers
map for the flash memory registers address map.

The UT]1 register is defined in Figure 65 and Table 70.

Address is array-dependent—see Table 55. Access: User read/write
BankO0, Array0: 0xC3F8_8040
Bank1, Array1: 0xC3FB_0040
Bank1, Array2: 0xC3FB_4040

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
R DAI[31-16]
w
Reset 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 | 290 | 30 | 3
R DAI[15-0]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 65. User Test 1 (UT1) Register
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Table 70. UT1 field descriptions

Field

Description

DAl [31-0]

Data Array Input (Read/Write)

These bits represent the input of even word of ECC logic used in the ECC Logic Check. The DAI bits
correspond to the 32 array bits representing Word 0 within the double word.

0: The array bit is forced at 0.
1: The array bit is forced at 1.

10.5.1.2.10 User Test 2 (UT2) Register

The UT2 register enables checks on the ECC logic related to the 32 MSB of the double word.

This register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns

indeterminate data; writing has no effect.

All flash array modules have a UT2 register. See Section 10.4.4, “Flash control and configuration registers
map for the flash memory registers address map.

The UT2 register is defined in Figure 66 and Table 71.

Address is array-dependent—see Table 55.
BankO, Array0Q: OxC3F8_8044
Bank1, Array1: 0xC3FB_0044
Bank1, Array2: 0xC3FB_4044

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R DAI[63-48]
w
Reset 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 DAI[47-32]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 66. User Test 2 (UT2) Register
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Table 71. UT2 field descriptions

Field Description
DAl Data Array Input (Read/Write)
[63-32]
These bits represent the input of odd word of ECC logic used in the ECC Logic Check. The DAI63-32
bits correspond to the 32 array bits representing Word 1 within the double word.
0: The array bit is forced at 0.
1: The array bit is forced at 1.
10.5.1.2.11 User Multiple Input Signature Register 0 (UMISRO0) Register

The UMISRO register provides a means to evaluate array integrity. Its value represents bits 31:0 of the
whole 144-bit word (2 double words including ECC).

This is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading returns indeterminate data;
writing has no effect.

All flash array modules have a UMISRO register. See Section 10.4.4, “Flash control and configuration

registers map for the flash memory registers address map.

The UMISRO register is defined in Figure 67 and Table 72.

Address is array-dependent—see Table 55.

BankO, Array0: 0xC3F8_8048
Bank1, Array1: 0xC3FB_0048
Bank1, Array2: 0xC3FB_4048

Reset

Reset

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MS[031-016]

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
MS[015-000]

0 0 0 0 0

= Unimplemented or Reserved

Figure 67. User Multiple Input Signature Register 0 (UMISRO) Register
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Table 72. UMISRO field descriptions

Field Description

MS Multiple input Signature (Read/Write)
[031-000]
These bits represent the MISR value obtained accumulating the bits 31-0 of all the pages read from the
flash memory.

The MS can be seeded to any value by writing the UMISRO register.

10.5.1.2.12 User Multiple Input Signature Register 1 (UMISR1) Register

The UMISRI register provides a means to evaluate array integrity. Its value represents bits 63:32 of the
whole 144-bit word (2 double words including ECC).

This register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns
indeterminate data; writing has no effect.

All flash array modules have a UMISRI1 register. See Section 10.4.4, “Flash control and configuration
registers map for the flash memory registers address map.

The UMISRI register is defined in Figure 68 and Table 73.

Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_804C

Bank1, Array1: C3FB_004C

Bank1, Array2: OxC3FB_404C

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
R MS[063-048]
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 | 20 | 30 | 31
R MS[047-032]
W
Reset o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 68. User Multiple Input Signature Register 1 (UMISR1) Register
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Table 73. UMISR1 field descriptions

Field Description
MS Multiple input Signature 063—032 (Read/Write)
[063-032]
These bits represent the MISR value obtained accumulating the bits 63—32 of all the pages read from
the flash memory.
The MS can be seeded to any value by writing the UMISR1 register.
10.5.1.2.13 User Multiple Input Signature Register 2 (UMISR2) Register

The UMISR2 register provides a means to evaluate array integrity. Its value represents bits 95:64 of the
whole 144-bit word (2 double words including ECC).

This register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns
indeterminate data; writing has no effect.

All flash array modules have a UMISR2 register. See Section 10.4.4, “Flash control and configuration
registers map for the flash memory registers address map.

The UMISR2 register is defined in Figure 69 and Table 74.

Address is array-dependent—see Table 55.
BankO, Array0: 0xC3F8_8050
Bank1, Array1: 0xC3FB_0050
Bank1, Array2: OxC3FB_4050

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
R MS[095-080]
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 | 20 | 30 | 31
R MS[079-064]
W
Reset o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 69. User Multiple Input Signature Register 2 (UMISR2) Register
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Table 74. UMISR2 field descriptions

Field Description
MS Multiple input Signature 095-064 (Read/Write)
[095-064]
These bits represent the MISR value obtained accumulating the bits 95-64 of all the pages read from
the flash memory.
The MS can be seeded to any value by writing the UMISR2 register.
10.5.1.2.14 User Multiple Input Signature Register 3 (UMISR3) Register

The UMISR3 register provides a means to evaluate array integrity. Its value represents bits 127:96 of the
whole 144-bit word (2 double words including ECC).

This register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns
indeterminate data; writing has no effect.

All flash array modules have a UMISR3 register. See Section 10.4.4, “Flash control and configuration
registers map for the flash memory registers address map.

The UMISR3 register is defined in Figure 70 and Table 75.

Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_8054
Bank1, Array1: 0xC3FB_0054
Bank1, Array2: OxC3FB_4054

0 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
R MS[127-112]
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 | 20 | 30 | 31
R MS[111-096]
W
Reset o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 70. User Multiple Input Signature Register 3 (UMISR3) Register
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Table 75. UMISR3 field descriptions

Field Description

MS Multiple input Signature 127-096 (Read/Write)
[127-096]
These bits represent the MISR value obtained accumulating the bits 127-96 of all the pages read from
the flash memory.

The MS can be seeded to any value by writing the UMISRS register.

10.5.1.2.15 User Multiple Input Signature Register 4 (UMISR4) Register
The UMISR4 register provides a means to evaluate array integrity. Its value represents the ECC bits of the
whole 144-bit word (2 double words including ECC):
* Bits 23:16 are ECC bits for the odd double word
» Bits 7:0 are the ECC bits for the even double word
* Bits 27:26 and 11:10 of MISR are respectively the double and single ECC error detection for odd
and even double word.

This register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reading this register returns
indeterminate data; writing has no effect.

All flash array modules have a UMISR4 register. See Section 10.4.4, “Flash control and configuration
registers map for the flash memory registers address map.

The UMISR4 register is defined in Figure 71 and Table 76.

Address is array-dependent—see Table 55. Access: User read/write
BankO, Array0: 0xC3F8_8058
Bank1, Array1: 0xC3FB_0058
Bank1, Array2: 0xC3FB_0058

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R MS[159-144]
w
Reset 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 MS[143-128]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 71. User Multiple Input Signature Register 4 (UMISR4) Register
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Table 76. UMISR4 field descriptions

Field Description
MS Multiple input Signature 159—128 (Read/Write)
[159-128]

These bits represent the MISR value obtained accumulating:

e The 8 ECC bits for the even double word (on MS135-128);

* The single ECC error detection for even double word (on MS138);
¢ The double ECC error detection for even double word (on MS139);
e The 8 ECC bits for the odd double word (on MS151-144);

* The single ECC error detection for odd double word (on MS154);

* The double ECC error detection for odd double word (on MS155).

The MS can be seeded to any value by writing the UMISR4 register.
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Chapter 11
General-Purpose Static RAM (SRAM)

11.1  Overview

This device includes up to 94 KB of general-purpose SRAM. The first 32 KB block of the SRAM is
powered by its own power supply pin only during standby operation.

11.2 Features

The SRAM controller includes these features:
*  Supports read/write accesses mapped to the SRAM memory from any master
» 32 KB block powered by separate supply for standby operation
* Byte, halfword, word and doubleword addressable
* ECC performs single bit correction, double bit detection

11.3 Modes of operation

11.3.1 Normal (Functional) Mode

Normal Mode allows for reads and writes of the SRAM memory arrays.

11.3.2 Standby Mode

Standby Mode preserves contents of the standby portion of the memory when the 1.2 V (Vpp) power drops
below the level of the standby power supply voltage. There are two possible supplies for standby: 1.0 V
directly from the VSTBY pin and 2-5 volts (also on the VSTBY pin), which enables a standby regulator.

Updates to the standby portion of the SRAM are inhibited during system reset or during Standby Mode.

11.4 Block diagram
The SRAM block diagram is shown in Figure 72.
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Standby Switch Y
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1

Figure 72. SRAM block diagram

11.5 External signal description
Vitandby RAM power supply pin.

11.6 Functional description

The crossbar bus is a two-stage pipelined bus which would require the SRAM controller to insert a wait
state when a read follows a write. The SRAM controller implements a late-write-buffer to enable zero wait
state write-read combinations.

ECC handling in this device is done on a 32-bit boundary. Because the €200z3 core in this device is a
cacheless processor, the platform RAM is organized in on a 32-bit boundary versus the 64-bit organization
used on MCUs based on the €200z6 core. This organization was driven by performance reasons: for the
cacheless €200z3 processor, most RAM writes will be 32 bits or smaller in size. Each 32-bit word requires
a 7-bit ECC code, so the RAM array is organized in two banks of 39 bits each.

The ECC code performs single bit corrections and indicates a multiple bit error on all double-bit read
errors. Multiple bit errors will assert an error indication in the bus cycle, as well as setting field
ECSM_ESR[RNCE].

During a write operation for 8-bit and 16-bit data, a read of 32-bit data will be checked for ECC, prior to
merging in the write data. If a correction is required, it is corrected prior to merging in the write data. Then
anew ECC code word is generated and written to the RAM. If a multiple bit error occurs during the read
portion of the write operation, then the write is not performed.

It is essential for the ECC check bits to be initialized after Power On Reset. The write transfer must be 32
or 64 bits in size because a less than 32-bit write transfer will generate a read/modify/write operation which
will check the ECC value upon the read.

11.6.1 Access timing

The crossbar bus is a two stage pipelined bus, which makes the timing of any access dependent on the
access during the previous clock. Table 77 shows the wait states for accesses. Current is the access being
measured; Previous is the RAM access during the previous clock.
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Table 77. Wait states during RAM access

Current Previous Wait states
Read Idle 0
Read 0
32/64-bit Write 0
8/16-bit Write 1
32/64-bit Write Idle 0
Read 0
32/64-bit Write 0
8/16-bit Write 1
8/16-bit Write Idle 0
Read 0
32/64-bit Write 0

8/16-bit Write

'y

11.7 Module memory map

The SRAM occupies up to 94 KB of address space. See Table 4 and Table 5.

Table 78 shows the SRAM memory map.

Table 78. SRAM memory map

Address Use
L2SRAM_BASE 24 or 32 KB RAM, powered by Vgrgy
L2SRAM_BASE + 0x8000 62 KB RAM

11.8 Register descriptions

The SRAM has no registers. Registers associated with the ECC are located in the ECSM. See

Section 17.3.1, “ECC registers.
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Chapter 12
External Bus Interface for Calibration Bus

12.1

Information specific to this device

This section presents device-specific parameterization and customization information not specifically
referenced in the remainder of this chapter.

12.1.1 Device-specific features

Available only on the calibration system package

Only calibration bus implemented

22-bit address bus (ADDR[10:31])

16-bit data bus (DATA[0:15])

3 chip-select: Cal CS[0] and Cal CS[2:3] (multiplexed with 2 most significant address signals)
Two Write/Byte Enable (Cal WE[0:1]_BE[0:1]) signals

Possible division factors for CLKOUT: 1, 2, and 4

12.1.2 Unsupported features

External master mode

Burst access

Transfer acknowledge

Bus arbitration

Following register fields are not supported:

— EBI BRO-3[LWRN], EBI CAL BRO-3[LWRN]
— EBI BRO-3[EOE], EBI CAL BRO-3[EOE]

— EBI BRO-3[SETA], EBI CAL BRO-3[SETA]
— EBI _BRO-3[TBDIP], EBI CAL BRO-3[TBDIP]
— EBI BRO-3[GCSN], EBI CAL BRO0-3[GCSN]
— EBI BRO-3[SBL], EBI CAL BRO-3[SBL]
Following pins are not supported: CAL CS1, TA and TSIZ[0:1]

The two most significant bytes of the Base Registers can not be set since the external address space
is restricted to 0x2000 0000 and 0x3FF _FFFF.

12.1.3 Device-specific register information

NOTE

The convention is to not use the module name prefix (“EBI_”) for register
names in software.
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Table 79 lists several register bit values for this device.

Table 79. Register bit values

Register Bits Value

EBI_BRO-EBI_BR3 BA[0:2] 0b001
EBI_CAL_BRO0-3

EBI_ORO-EBI_OR3 AM[0:2] Ob111
EBI_CAL_ORO0-3

12.2 Introduction

12.2.1 Overview

The External Bus Interface (EBI) handles the transfer of information between the internal buses and the
memories or peripherals in the external address space. The EBI includes a memory controller that
generates interface signals to support a variety of external memories. This includes Single Data Rate
(SDR) burst mode flash, SRAM, and asynchronous memories. It supports up to four regions (via chip
selects), each with its own programmed attributes (plus four calibration chip-select regions).

12.2.2 Features

NOTE

This list is a superset list of all possible features the EBI supports. Refer to
Section 12.1, “Information specific to this device for details on specifics for
a particular device due to package limitations.

» 32-bit Address bus with transfer size indication (only 24-29 available on pins)

» 32-bit Data bus (16-bit Data Bus Mode also supported)

* Multiplexed Address on Data pins (single master)

* Memory controller with support for various memory types:

— Synchronous burst SDR flash and SRAM
— Asynchronous/legacy flash and SRAM

* Burst support (wrapped only)

* Bus monitor

» Port size configuration per chip select (16 or 32 bits)

* Configurable wait states

«  Configurable internal or external transfer acknowledge (TA) per chip select

*  Support for Dynamic Calibration with up to 4 chip-selects

4 Write/Byte Enable (WE[0:3]/BE[0:3]) signals

» Slower-speed clock modes

» Stop and Module Disable Modes for power savings

* Optional automatic CLKOUT gating to save power and reduce EMI
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» Misaligned access support (for chip-select accesses only)
*  Compatible with MPC5xx external bus (with some limitations)

12.2.3 Modes of operation

The mode of the EBI is determined by the MDIS, EXTM, and AD_MUX bits in the EBI MCR. See
Section 12.4.1.1, “EBI Module Configuration Register (EBI_MCR) for details. Slower-speed modes,
Debug Mode, Stop Mode, and Factory Test Mode are modes that the MCU may enter, in parallel to the
EBI being configured in one of its block-specific modes.

12.2.3.1 Single Master Mode

In Single Master Mode, the EBI responds to internal requests matching one of its regions, but ignores all
externally-initiated bus requests. The MCU is the only master allowed to initiate transactions on the
external bus in this mode; therefore, it acts as a parked master and does not have to arbitrate for the bus
before starting each cycle. The BR, BG and BB signals are not used by the EBI in this mode, and are
available for use in an alternate function by another block of the MCU. Single Master Mode is entered
when EXTM = 0 and MDIS = 0 in the EBI MCR.

12.2.3.2 Module Disable Mode

The Module Disable Mode is used for MCU power management. The clock to the non-memory mapped
logic in the EBI can be stopped while in Module Disable Mode. Logic on the MCU external to the EBI is
needed to fully implement the Module Disable Mode (to shut off the clock). Internal master requests made
to the external bus in Module Disable Mode are terminated with transfer error (internally, no external TEA
assertion). Module Disable Mode is entered when MDIS = 1 in the EBI MCR.

12.2.3.3 Stop Mode

The EBI supports the IPI Green-Line Interface Stop Mode mechanism used for MCU power management.
When a request is made to enter Stop Mode (controlled in device logic outside EBI), the EBI block
completes any pending bus transactions and acknowledges the stop request. After the acknowledgement,
the system clock input may be shut off by the clock driver on the MCU. While the clocks are shut off, the
EBI is not accessible. While in stop mode, accesses to the EBI from the internal master will terminate with
transfer error (internally, no external TEA assertion).

12.2.3.4 Slower-Speed Modes

In slower-speed modes, the external CLKOUT frequency is divided (by 2, 3, etc.) compared with that of
the internal system bus. The EBI behavior remains dictated by the mode of the EBI, except that it drives
and samples signals at the CLKOUT frequency rather than the internal system frequency. This mode is
selected by writing a clock control register in a block outside of the EBI.
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12.2.3.5 16-bit Data Bus Mode

For MCU s that have only 16 data bus signals pinned out, or for systems where the use of a different
multiplexed function (e.g. GPIO) is desired on 16 of the 32 data pins, the EBI supports a 16-bit Data Bus
Mode. In this mode, only 16 data signals are used by the EBI. The user can select which 16 data signals
are used (DATA[0:15] or DATA[16:31]) by writing the D16 31 bit in the EBI MCR.

For EBI-mastered accesses, the operation in 16-bit Data Bus Mode (DBM = 1, PS=x) is similar to a
chip-select access to a 16-bit port in 32-bit Data Bus Mode (DBM = 0, PS = 1), except for the case of a
non-chip-select access of exactly 32-bit size.

EBI-mastered non-chip-select accesses of exactly 32-bit size are supported via a two (16-bit) beat burst
for both reads and writes. See Section 12.5.2.9, “Non-chip-select burst in 16-bit Data Bus Mode.
Non-chip-select transfers of non-32-bit size are supported in standard non-burst fashion.

16-bit Data Bus Mode is entered when DBM = 1 in the EBI MCR. Some MCUs may have DBM = 1 by
default out of reset.

12.2.3.6 Multiplexed Address on Data Bus Mode

This mode covers several cases aimed at reducing pin count on MCU and external components. In this
mode, the DATA pins will drive (for internal master cycles) the address value on the first clock of the cycle
(while TS is asserted).

The memory controller supports per-chip-select selection of multiplexing address/data through the
EBI BRx[AD MUX] bit.

Address on Data bus multiplexing also supports the 16-bit data bus mode (EBI MCR[DBM] = 1) and
16-bit memories (EBI_ORx[PS] = 1). The user can select which 16 data signals are used (DATA[0:15] or
DATA[16:31]) by writing the D16 _31 bit in the EBI MCR. For either setting of D16 31, the 16 LSBs of
external address (ADDR[16:31]) are driven onto the selected 16 DATA pins. If additional address lines are
required to interface to the memory, then non-muxed address pins are sometimes (see note below) required
to complete the address space (e.g. ADDR[8:15] are commonly present as non-muxed address pins).

NOTE

The EBI also drives the unused 16 DATA signals with the MSBs of the
external address, zero-padded in front (e.g. when D16_31 bit is set for a
device with 24 ADDR pins, the EBI drives (0b00000000,ADDR[8:15]) on
DATAJO0:15]. This allows the device to optionally use DATA[S8:15] for the
upper 8 external address lines instead of requiring separate non-muxed
ADDR([8:15] pins. This is relevant primarily for devices that support both
32-bit and 16-bit A/D muxed operation, so therefore have DATA[0:31] pins
present on the device, and in that case are not required to have separate
ADDR pins.

For more details (e.g. timing diagrams), see Section 12.5.2.12, “Address data multiplexing.
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12.2.3.7 Debug Mode

When the MCU is in Debug Mode, the EBI behavior is unaffected and remains dictated by the mode of
the EBI.

12.3 External signal description

12.3.1 Overview

Table 80 lists the external pins used by the EBI. Not all signals listed here are available external to the chip.
Table 80. Signal properties

Name I/O type Function Pull’
ADDR([3:31] I/0 Address bus —
BDIP Output Burst Data in Progress Up
CLKOUT? Output Clockout —
CAL_CSJ0:3] Output Calibration Chip Selects Up
DATA[0:31] I/0 Data bus® —
OE Output Output Enable Up
RD_WR I/O Read_Write Up
TA I/0 Transfer Acknowledge Up
TEA I/0 Transfer Error Acknowledge Up
TS I/O Transfer Start Up
TSIZ[0:1] I/0 Transfer Size —
WEJ[0:3]/BE[0:3] Output Write/Byte Enables Up

NOTES:

' This column shows which signals require a weak pullup or pulldown. The EBI block does not contain
these pullup/pulldown devices within the block. They are assumed to be in another module of the
MCU (e.g. pads module).

2 The CLKOUT signal is driven by the System Clock Block outside the EBI.
8 In Address/Data multiplexing modes, Data will also show the address during the address phase.

12.3.2 Detailed signal descriptions

NOTE

This section lists the superset of signals for the EBI. Refer to Section 12.1,
“Information specific to this device for device-specific package limitations
and possible signal renaming.

12.3.2.1 ADDR[3:31] — Address lines 3-31

The ADDR|[3:31] signals specify the physical address of the bus transaction.
The 29 address lines correspond to bits 3—31 of the EBI’s 32-bit internal address bus.
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12.3.2.2 BDIP — Burst Data in Progress
BDIP is asserted to indicate that the master is requesting another data beat following the current one.

This signal is driven by the EBI on all EBI-mastered external burst cycles, but is only sampled by burst
mode memories that have a corresponding pin. See Section 12.5.2.5, “Burst transfer.

12.3.2.3 CLKOUT — Clockout

CLKOUT is a general-purpose clock output signal to connect to the clock input of SDR external memories
and in some cases to the input clock of another MCU in multi-master configurations.

12.3.2.4 CS[0:3] — Chip Selects 0-3

CSx is asserted by the master to indicate that this transaction is targeted for a particular memory bank on
the Primary external bus.

CS is driven in the same clock as the assertion of TS and valid address, and is kept valid until the cycle is
terminated. See Section 12.5.1.4, “Memory controller with support for various memory types for details
on chip-select operation.

12.3.2.5 CAL_CS[0:3] — Calibration Chip Selects 0-3

CAL _CSx is asserted by the master to indicate that this transaction is targeted for a particular memory
bank on the Calibration external bus.

The calibration chip selects are driven only by the EBI. External master accesses on the Calibration bus
are not supported. In all other aspects, the calibration chip-selects behave exactly as the primary
chip-selects. See Section 12.5.1.4, “Memory controller with support for various memory types for details
on chip-select operation.

12.3.2.6 DATA[0:31] — Data Lines 0-31
The DATA[0:31] signals contain the data to be transferred for the current transaction.

DATAJ0:31] is driven by the EBI when it owns the external bus and it initiates a write transaction to an
external device.

DATA[0:31] is driven by an external device during a read transaction from the EBI.
For 8-bit and 16-bit transactions, the byte lanes not selected for the transfer do not supply valid data.

DATA[0:31] is driven by the EBI in the address phase with the ADDR value if the Address on Data
multiplexing mode is enabled. See Section 12.2.3.6, “Multiplexed Address on Data Bus Mode for details.

In 16-bit Data Bus Mode, (or for chip-select accesses to a 16-bit port), only DATA[0:15] or DATA[16:31]
are used by the EBI, depending on the setting of the D16 _31 bit in the EBI_ MCR. See Section 12.2.3.5,
“16-bit Data Bus Mode.
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12.3.2.7 OE — Output Enable

OE is used to indicate when an external memory is permitted to drive back read data. External memories
must have their data output buffers off when OE is negated. OE is only asserted for chip-select accesses.

For read cycles, OE is asserted one clock after TS assertion (by default with EBI_BR[EOE] = 0b00) and
held until the termination of the transfer. For write cycles, OE is negated throughout the cycle.

12.3.2.8 RD_WR — Read / Write
RD_WR indicates whether the current transaction is a read access or a write access.

RD_WR is driven in the same clock as the assertion of TS and valid address, and is kept valid until the
cycle is terminated.

12.3.2.9 TA — Transfer Acknowledge

TA is asserted to indicate that the slave has received the data (and completed the access) for a write cycle,
or returned data for a read cycle. If the transaction is a burst read, TA is asserted for each one of the
transaction beats. For write transactions, TA is only asserted once at access completion, even if more than
one write data beat is transferred.

TA is driven by the EBI when the access is controlled by the chip selects (and SETA = 0). Otherwise, TA
is driven by the slave device to which the current transaction was addressed.

See Section 12.5.2.8, “Termination signals protocol for more details.

12.3.2.10 TEA — Transfer Error Acknowledge

TEA is asserted by either the EBI or an external device to indicate that an error condition has occurred
during the bus cycle.

TEA is asserted by the EBI when the internal bus monitor detected a timeout error.

See Section 12.5.2.8, “Termination signals protocol for more details.

12.3.2.11 TS — Transfer Start

TS is asserted by the current bus owner to indicate the start of a transaction on the external bus.

TS is only asserted for the first clock cycle of the transaction, and is negated in the successive clock cycles
until the end of the transaction.

12.3.2.12 TSIZ[0:1] — Transfer Size 0-1

TSIZ[0:1] indicates the size of the requested data transfer, for aligned internal master transfers only. For
the special case of misaligned chip-select transfers, TSIZ[0:1] values are not specified, and must not be
used by external devices for those transfers.
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The TSIZ[0:1] signals may be used with ADDR[30:31] to determine which byte lanes of the data bus are
involved in the transfer. For non-burst transfers, the TSIZ[0:1] signals specify the number of bytes starting
from the byte location addressed by ADDR[30:31]. In burst transfers, the value of TSIZ[0:1] is always 00.

Table 81. TSIZ[0:1] encoding

Burst cycle TSIZ[0:1] Transfer size
0b01 Byte
N 0b10 16-bit
N Ob11 Reserved
N 0b00 32-bit
Y 0b00 Burst

The SIZEEN bit has no effect on the EBI when it is mastering a transaction on the external bus. TSIZ[0:1]
is still driven appropriately by the EBI. See Section 12.4.1.1, “EBI Module Configuration Register
(EBI_MCR).

12.3.2.13 WE[0:3] / BE[0:3] — Write/Byte Enables 0-3

Write enables are used to enable program operations to a particular memory. These signals can also be used
as byte enables for read and write operation by setting the WEBS bit in the appropriate Base Register.
WE[0:3]/BE[0:3] are only asserted for chip-select accesses.

For chip-select accesses to a 16-bit port, only WE[0:1]/BE[0:1] are used by the EBI, regardless of which
half of the DATA bus is selected via the D16 31 bit in the EBI MCR.

See Section 12.5.1.11, “Four write/byte enable (WE/BE) signals for more details on WE[0:3]/BE[0:3]
functionality.

12.3.3 Signal output buffer enable logic by mode

Table 82 describes how the EBI drives its output buffer enable (OBE) signals. These are internal signals
from the EBI to device logic outside the EBI, that determine when the EBI strongly drives values on pins.
When the OBE for an EBI signal is asserted (1), the EBI strongly drives the value on that pin. When the
OBE is negated (0), the EBI does not drive the signal, and the value is determined by internal or external
pullups/pulldowns, and/or device logic outside EBI block.

Table 82. Signal output buffer enable logic by mode’

OBE value by mode (1 = strongly driven, 0 = not driven by EBI)
Signal Module disable mode? Single master mode External master mode
(EXTM = X, MDIS =1) (EXTM = 0, MDIS = 0) (EXTM =1, MDIS = 0)
ADDRJ[3:31] 0 1 1 during int. master access
BDIP 0 1 1 during int. master access
CAL_CSJ0:3] 0 1 1 during int. master access
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Table 82. Signal output buffer enable logic by mode'! (continued)

OBE value by mode (1 = strongly driven, 0 = not driven by EBI)
Signal Module disable mode? Single master mode External master mode
(EXTM = X, MDIS = 1) (EXTM = 0, MDIS = 0) (EXTM =1, MDIS = 0)
DATA[0:31] 0 Only 1 during write access or on Address phase when
Addr/Data muxing is enabled.
OE 0 1 1 during int. master access
RD_WR 0 1 1 during int. master access
TA 0 Only 1 during chip-select (or cal-chip-select) SETA = 0 access
TEA 0 Only 1 for 2 cycles when timeout occurs
TS 0 1 1 during int. master access
TSIZ[0:1] 0 1 1 during int. master access
WEJ0:3])/BE[0:3] 0 1 1 during int. master access
NOTES:

' The values in this table only indicate when signals are strongly driven, not the logic value on the pin itself.

2 This assumes that the clock to the EBI is shut off when MDIS = 1. This is an optional device feature. If the clocks
are left running to EBI even when MDIS = 1, then the EBI OBE behavior is as if in Single Master Mode (though EBI

accesses are not supported in this scenario).

12.4 Memory map/register definition

Table 83 shows the EBI registers.

NOTE

The convention is to not use the module name prefix (“EBI_") for register
names in software.

Table 83. EBI address map

Address Use Location

EBI_BASE EBI Module Configuration Register (EBI_MCR) on page 291
EBI_BASE+0x4 Reserved —
EBI_BASE+0x8 EBI Transfer Error Status Register (EBI_TESR) on page 293
EBI_BASE+0xC EBI Bus Monitor Control Register (EBI_BMCR) on page 294
EBI_BASE+0x10 EBI Base Register Bank 0 (EBI_BRO) on page 295
EBI_BASE+0x14 EBI Option Register Bank 0 (EBI_ORO) on page 298
EBI_BASE+0x18 EBI Base Register Bank 1 (EBI_BR1) on page 295
EBI_BASE+0x1C EBI Option Register Bank 1 (EBI_OR1) on page 298
EBI_BASE+0x20 EBI Base Register Bank 2 (EBI_BR2) on page 295
EBI_BASE+0x24 EBI Option Register Bank 2 (EBI_OR2) on page 298
EBI_BASE+0x28 EBI Base Register Bank 3 (EBI_BR3) on page 295
EBI_BASE+0x2C EBI Option Register Bank 3 (EBI_OR3) on page 298
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Table 83. EBI address map (continued)

Address Use Location
EBI_BASE+0x30 — EBI_BASE+0x3C Reserved —
EBI_BASE+0x40 EBI Calibration Base Register Bank 0 (EBI_CAL_BRO) |on page 295
EBI_BASE+0x44 EBI Calibration Option Register Bank 0 (EBI_CAL_ORO0) |on page 298
EBI_BASE+0x48 EBI Calibration Base Register Bank 1 (EBI_CAL_BR1) |on page 295
EBI_BASE+0x4C EBI Calibration Option Register Bank 1 (EBI_CAL_OR1) |on page 298
EBI_BASE+0x50 EBI Calibration Base Register Bank 2 (EBI_CAL_BR2) |on page 295
EBI_BASE+0x54 EBI Calibration Option Register Bank 2 (EBI_CAL_OR2) |on page 298
EBI_BASE+0x58 EBI Calibration Base Register Bank 3 (EBI_CAL_BR3) |on page 295
EBI_BASE+0x5C EBI Calibration Option Register Bank 3 (EBI_CAL_OR3) |on page 298
12.4.1 Register descriptions
NOTE
Other than the exceptions noted below, EBI registers must not be written
while a transaction to the EBI (from internal master) is in progress (or within
two CLKOUT cycles after a transaction has just completed, to allow
internal state machines to go IDLE). In those cases, the behavior is
undefined.
Exceptions that can be written while an EBI transaction is in progress:
— All bits in EBI_ TESR
— SIZE, SIZEEN fields in EBI MCR
See Section 12.6.1, “Booting from external memory for related application
information.
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12.4.1.1 EBI Module Configuration Register (EBI_MCR)

The EBI Module Configuration Register contains bits which configure various attributes associated with

EBI operation.

EBI_BASE+0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 |z SIZE 0 0 0 0 0 0 0 0
w
w L
N
%)
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 w s o EARP 0 0 0 0 0 0 0 |~ §
Wo E | 2 o =
Q  |X < © [ a
< L i = 5 9(
Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

[ ]=Unimplemented or Reserved
Figure 73. EBI Module Configuration Register (EBI_MCR)

Table 84. EBI_MCR field descriptions

Field Description

1-4 Reserved

5 SIZE enable

pins) for external master transactions to internal address space.
1 Transfer size controlled by SIZE field
0 Transfer size controlled by TSIZ[0:1] pins

SIZEEN The SIZEEN bit enables the control of transfer size by the SIZE field (as opposed to external TSIZ

6—7 SIZE - Transfer size

shows how to set SIZE appropriately for all the cases.

The SIZE field determines the transfer size of external master transactions to internal address

space when SIZEEN = 1. This field is ignored when SIZEEN = 0. This field must be written before
doing an external master transfer of a different size than the current setting. The DBM bit affects
how the SIZE field should be set for the special case of 64-bit external master transfers. Table 85

8-15 Reserved

16 Automatic CLKOUT Gating Enable

in-between external bus accesses.
1 Automatic CLKOUT Gating is enabled
0 Automatic CLKOUT Gating is disabled

ACGE The ACGE bit enables the EBI feature of turning off CLKOUT (holding it high) during idle periods

17 External Master Mode

This bit also determines the functionality of the BR, BG and BB signals.
1 External Master Mode is active
0 External Master Mode is inactive (Single Master Mode)

EXTM The EXTM bit enables the External Master Mode of operation when MDIS = 0. When MDIS =1,
the EXTM bit is a ‘don’t care’, and is treated as 0. In External Master Mode, an external master on
the external bus can access any internal memory-mapped space while the internal €200z core is
fully operational. When EXTM = 0, only internal masters can access the internal memory space.
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Table 84. EBI_MCR field descriptions (continued)

Field Description
18 External Arbitration
EARB 1 When EXTM = 0, the EARB bit is a ‘don’t care’, and is treated as 0. External arbitration is used
0 Internal arbitration is used
19-20 External Arbitration Request Priority
EARP This field defines the priority of an external master’s arbitration request (0-2), with 2 being the

highest priority level (EARP = 3 is reserved). This field is valid only when EARB = 0 (internal
arbitration). The internal masters of the MCU have a fixed priority of 1. By default, internal and
external masters have equal priority.0b00 MCU has priority

0b01 Equal priority, round robin used

0b10 External master has priority

Ob11 Reserved

21-24 Reserved
25 Module Disable Mode
MDIS The MDIS bit controls an internal EBI “enable clk” signal which can be used (if MCU logic supports)

to control the clocks to the EBI. The MDIS bit allows the clock to be stopped to the non-memory
mapped logic in the EBI, effectively putting the EBI in a software controlled power-saving state.
See Section 12.2.3.2, “Module Disable Mode for more information. No external bus accesses can
be performed when the EBI is in Module Disable Mode (MDIS = 1).

1 Module Disable Mode is active (negate “enable clk” signal)

0 Module Disable Mode is inactive (assert “enable clk” signal)

2628 Reserved

29 Data Bus 16_31 Select
D16_31 The D16_31 bit controls whether the EBI uses the DATA[0:15] or DATA[16:31] signals, when in
16-bit Data Bus Mode (DBM = 1) or for chip-select accesses to a 16-bit port (PS = 1).
1 DATA[16:31] signals are used for 16-bit port accesses
0 DATA[0:15] signals are used for 16-bit port accesses

Note: There is one usage case where D16_31 = 0 cannot be used. For systems that are using
both a 32-bit non-chip-select device AND a 16-bit device (chip-select or non-chip-select),
the user must set D16_31 = 1. Otherwise (if D16_31 = 0 is used), when an access to the
16-bit device is performed, the 32-bit non-chip-select device may decode the wrong upper
address bits and may respond to that access, causing contention on the shared
address/data lines going to both devices. This is due to the 32-bit device expecting address
8:15 on DATA[8:15] pins, whereas D16_31 = 0 has address 24:31 on those pins. This
contention case is avoided when D16_31 = 1, because the shared address/data pins have
the same functions for both the 16-bit and 32-bit memory accesses (address 16:31 on
DATA[16:31] pins). This contention case is also avoided when only chip-select devices are
used, since the devices ignore accesses when their corresponding chip-select is not
asserted.

30 Address on Data Bus Multiplexing Mode
AD_MUX The AD_MUX bit controls whether non-chip-select accesses have the address driven on the data
bus in the address phase of a cycle.
1 Address on Data Multiplexing Mode is used for non-CS accesses.
0 Only Data on data pins for non-CS accesses.

31 Data Bus Mode
DBM The DBM bit controls whether the EBI is in 32-bit or 16-bit Data Bus Mode.
1 16-bit Data Bus Mode is used
0 32-bit Data Bus Mode is used

MPC5634M Microcontroller Reference Manual, Rev. 6

292 Freescale Semiconductor



Table 85. SIZE encoding’

2

DBM Size of external master transfer SIZE
X3 Byte 0b01
X 16-bit 0b10
X 32-bit* 0b00
0 64-bit 0b00
1 64-bit Ob10
X Reserved Ob11

NOTES:
' This table is not affected by width of internal AMBA bus (32 or 64 bits), only by the size

of the transfer.

This refers to size of external master transfer on external master MCU as determined by

the source code. For example, if the external master code does a 64-bit load (or store)

to an EBI with a 32-bit bus (DBM = 0), this is broken into two 32-bit transfers, so SIZE
field must be set to 32 bits (0b00). For a 16-bit bus, the 64-bit access is broken into four
16-bit transfers, so SIZE must be set to 16 bits (0b01).

3 ‘Don't care’ value for this case.

4 32-pit transfers use SIZE 0b0O regardless of DBM because there is special logic in the
EBI to handle 32-bit coherent non-chip-select accesses even when DBM=1. Similar
logic is not present for 64-bit transfers, so these are broken into separate bus-size
accesses.

12.4.1.2 EBI Transfer Error Status Register (EBI_TESR)

The EBI Transfer Error Status Register contains a bit for each type of transfer error on the external bus. A
bit set to logic 1 indicates what type of transfer error occurred since the last time the bits were cleared.
Each bit can be cleared by reset or by writing a 1 to it. Writing a 0 has no effect. For some MCUs with this

EBI, this register may not be writable in Module Disable Mode due to the use of power saving clock

modes.
EBI_BASE+0x8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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| © 0 0 0 0 0 0 0 0 0 0 0 0 0 | TEAF |BMTF
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

l:l = Unimplemented or Reserved
Figure 74. EBI Transfer Error Status Register (EBI_TESR)
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Table 86. EBI_TESR field descriptions

Field Description
0-29 Reserved
30 Transfer Error Acknowledge Flag
TEAF This bit is set if the cycle was terminated by an externally generated TEA signal.
1 External TEA occurred
0 No error
31 Bus Monitor Timeout Flag
BMTF This bit is set if the cycle was terminated by a bus monitor timeout.
1 Bus monitor timeout occurred
0 No error

12.4.1.3 EBI Bus Monitor Control Register (EBI_BMCR)

The EBI Bus Monitor Control Register controls the timeout period of the bus monitor and whether it is
enabled or disabled.

EBI_BASE+0xC
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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 BMT BME| O 0 0 0 0 0 0

w
Reset 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0

[ ] = Unimplemented or Reserved
Figure 75. EBI Bus Monitor Control Register (EBI_BMCR)

Table 87. EBI_BMCR field descriptions

Field Description

0-15 Reserved

16-23 Bus Monitor Timing

BMT This field defines the timeout period, in 8 external bus clock resolution, for the Bus Monitor. See

Section 12.5.1.6, “Bus monitor for more details on bus monitor operation.
Timeout Period = (2 + (8 * BMT)) / external bus clock frequency.

24 Bus Monitor Enable
BME This bit controls whether the bus monitor is enabled for internal to external bus cycles. The BME
bit is ignored (treated as 0) for chip-select accesses with internal TA (SETA = 0).
1 Enable bus monitor (for external TA accesses only)
0 Disable bus monitor
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12.4.1.4 EBI Base Registers (EBI_BR0-EBI_BR3, EBI_CAL_BRO0-3)

The EBI Base Registers are used to define the base address and other attributes for the corresponding chip

select.

EBI_BASE+0x10, EBI_BASE+0x18, EBI_BASE+0x20, EBI_BASE+0x28,
EBI_BASE+0x40, EBI_BASE+0x48, EBI_BASE+0x50, EBI_BASE+0x58

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

R BA
W

Reset' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R| BA 0 0 EOE x
W g o ) g S |@B % 5 g
o m >
o m w O [i1] o
= @ 9(' = B 6 [
Reset 0 0 0 0 0 00 0 0 0 0 0 0 0 1 0

l:l = Unimplemented or Reserved

NOTES:
Some upper bits of the BA field may be tied to a fixed value, in which case the reset value is this fixed value and not

zero. Refer to Section 12.1, “Information specific to this device to see which bits this applies to, if any.
Figure 76. EBI Base Registers (EBI_BR0-EBI_BR3, EBI_CAL_BR0-3)

Table 88. EBI_BRO-EBI_BR3, EBI_CAL_BRO0-3 field descriptions

Field Description
0-16 Base Address
BA These bits are compared to the corresponding unmasked address signals among ADDR[0:16] of

the internal address bus to determine if a memory bank controlled by the memory controller is
being accessed by an internal bus master.

Note: An MCU may have some of the upper bits of the BA field tied to a fixed value internally in
order to restrict the address range of the EBI for that MCU. Tied-off bits can be read but not
written. These bits are ignored by the EBI during the chip-select address comparison.
However, the internal bridge of the MCU most likely requires that the chip-select banks be
located in memory regions corresponding to the fixed values chosen.

17-18 Reserved

19 Late RD_WR Negation
LWRN' The LWRN bit determines the timing of RD_WR signal negation for a write transfer.
1 Negate RD_WR the same cycle as CS negation. See Figure 89.
0 Negate RD_WR one cycle earlier than CS negation. See Figure 86.

20 Port Size
PS The PS bit determines the data bus width of transactions to this chip-select bank.

Note: In the case where the DBM bit in EBI_MCR is set for 16-bit Data Bus Mode, the PS bit value
is ignored and is always treated as a ‘1’ (16-bit port).

1 16-bit port

0 32-bit port

MPC5634M Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

295



Table 88. EBI_BRO-EBI_BRS3, EBI_CAL_BRO0-3 field descriptions (continued)

Field Description

21-22 Early OE

EOE The EOE field determines the timing of OE signal assertion for a read transfer. When
EBI_BR[ADMUX] = 1, the EOE value is ignored and treated as 0b0O (in order to avoid contention
on shared address/data bus for muxed transfers).

See Table 89 for EOE values.
23 Short Burst Length
SBL The SBL bit provides support for a 2-word external burst (see Figure 105 in Section Example 5.,

“Small access example #5: 32-byte read to 32-bit port with SBL = 1).

1 The number of beats in a burst is automatically determined by the EBI to be 2 or 4 according
to the Port Size (PS bit), regardless of BL bit value.

0 The number of beats in a burst is determined by the BL bit.

See Table 90 for SBL and BL encodings.

24 Address on Data Bus Multiplexing
AD_MUX The AD_MUX bit controls whether accesses for this chip select have the address driven on the
data bus in the address phase of a cycle
1 Address on Data Multiplexing Mode is enabled for this chip select.
0 Address on Data Multiplexing Mode is disabled for this chip select.

25 Burst Length

BL The BL bit (along with SBL bit) determines the amount of data transferred in a burst for this chip
select, measured in 32-bit words. When SBL = 0, the number of beats in a burst is automatically
determined by the EBI to be 4, 8, or 16 according to the Port Size (PS bit) so that the burst fetches
the number of words chosen by BL. For internal AMBA data bus width of 32-bits, the BL bit is
ignored (treated as 1). When SBL = 1, the BL bit value is a ‘don’t care’. See Table 90 for SBL and
BL encodings.

26 Write Enable / Byte Select
WEBS This bit controls the functionality of the WE[0:3)/BE[0:3] signals.
1 The WE[0:3)/BE[0:3] signals function as BE[0:3]
0 The WE[0:3]/BE[0:3] signals function as WE[0:3]

27 Toggle Burst Data in Progress
TBDIP? This bit determines how long the BDIP signal is asserted for each data beat in a burst cycle. See
Section 12.5.2.5.1, “TBDIP effect on burst transfer for details.
1 Only assert BDIP (BSCY+1) external cycles before expecting subsequent burst data beats
0 Assert BDIP throughout the burst cycle, regardless of wait state configuration

28 Guarantee CS Negation
GCSN?® The GCSN bit allows support for guaranteeing that the EBI will negate CS between alll
back-to-back transfer cases (even those that are part of a set of Small Accesses). See Figure 95.
1 Negate CS between all external transfers. This adds an extra dead cycle for some back-to-back
cases.
0 Default operation (CS may or may not negate between transfers, depending on the particular
back-to-back case).

29 Select External Transfer Acknowledge
SETA* The SETA bit controls whether accesses for this chip select will terminate (end transfer without
error) based on externally asserted TA or internally asserted TA. SETA should only be set when
the Bl bit is 1 as well, since burst accesses with SETA = 1 are not supported. Setting SETA = 1
causes the Bl bit to be ignored (treated as 1, burst inhibited).
1 Transfer Acknowledge (TA) is an input to the EBI, data phase will be terminated by an external

device

0 Transfer Acknowledge (TA) is an output from the EBI, data phase will be terminated by the EBI
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Table 88. EBI_BRO-EBI_BRS3, EBI_CAL_BRO0-3 field descriptions (continued)

Field Description

30 Burst Inhibit

BI® This bit determines whether or not burst read accesses are allowed for this chip-select bank. The
Bl bit is ignored (treated as 1) for chip-select accesses with external TA (SETA = 1).
1 Disable burst accesses for this bank. This is the default value out of reset (or when SETA = 1).
0 Enable burst accesses for this bank

31 Valid bit

\'% The user writes this bit to indicate that the contents of this Base Register and Option Register pair
are valid. The appropriate CS signal does not assert unless the corresponding V-bit is set.
1 This bank is valid
0 This bank is not valid

NOTES:

T LWRN is not supported on MPC5634M devices.

a A O N

TBDIP is writable but is not supported on MPC5634M devices since burst is not supported.

GCSN is not supported on MPC5634M devices.

SETA is writable but is not supported on MPC5634M devices since burst is not supported.

Bl is writable but is not supported on MPC5634M devices since burst is not supported. It must always be set to 1.

Table 89. EOE values

Value

Timing of OE assertion

0b0o!

Assert OE 1 CLKOUT cycle after TS assertion (see Figure 81)

Ob01

Assert OE the same CLKOUT cycle as TS assertion (see Figure 84)

Ob10

Assert OE one internal clock cycle after TS assertion (see Figure 84)2

Ob11

Reserved

g\lOTES:

The 0b00 timing case also applies when EBI_BR[ADMUX] = 1, regardless of EOE value in Base

Register.
In divided bus speed modes (where the EBI runs at a slower frequency than the internal system bus),

the EBI uses the internal higher-frequency clock to assert OE partway through the CLKOUT cycle
where TS is asserted. In 1:1 bus speed mode (where CLKOUT and internal system bus run at same
frequency), the behavior for EOE value 0b10 is identical to that of value 0b00.

Table 90. SBL, BL values

Value Burst length! PS Numbet:u(:fs tIozeats in
SBL BL
0 03 8-word* 0 (32-bit) 8
1 (16-bit) 16
0 1 4-word 0 (32-bit) 4
1 (16-bit) 8
1 X 2-word* 0 (32-bit) 2
1 (16-bit) 4
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NOTES:
1 Total amount of data fetched in a burst transfer, measured in 32-bit words.

2 Number of external data beats used in external burst transfer. The size of each beat is determined
by PS value.

3 An 8-word burst length is only supported for devices using 64-bit AMBA data bus width to EBI.

A word always refers to 32-bits of data, regardless of PS.

IN

12.4.1.5 EBI Option Registers (EBI_OR0-EBI_OR3, EBI_CAL_ORO0-3)

The EBI Option Registers are used to define the address mask and other attributes for the corresponding
chip select.

EBI_BASE+0x14, EBI_BASE+0x1C, EBI_BASE+0x24, EBI_BASE+0x2C,

EBI_BASE+0x44, EBI_BASE+0x4C, EBI_BASE+0x54, EBI_BASE+0x5C

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

R AM
w
Reset' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R| AM 0 0 0 0 0 0 0 SCY 0 BSCY 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[ ] = Unimplemented or Reserved

NOTES:
T Some upper bits of the AM field may be tied to a fixed value, in which case the reset value is this fixed value and

not zero. Refer to Section 12.1, “Information specific to this device to see which bits this applies to, if any.

Figure 77. EBI Option Registers (EBI_OR0-EBI_OR3, EBI_CAL_ORO0-3)

Table 91. EBI_ORO0-EBI_OR3, EBI_CAL_ORO0-3 field descriptions

Field Description
0-16 Address Mask
AM This field allows masking of any corresponding bits in the associated Base Register. Masking the

address independently allows external devices of different size address ranges to be used. Any
clear bit masks the corresponding address bit. Any set bit causes the corresponding address bit
to be used in comparison with the address pins. Address mask bits can be set or cleared in any
order in the field, allowing a resource to reside in more than one area of the address map. This

field can be read or written at any time.

Note: An MCU may have some of the upper bits of the AM field tied to a fixed value internally in
order to restrict the address range of the EBI for that MCU. See the corresponding Note for
the Base Register BA field for more details. Tied-off bits can be read but not written.

17-23 Reserved
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Table 91. EBI_ORO-EBI_OR3, EBI_CAL_ORO0-3 field descriptions (continued)

Field Description
24-27 Cycle length in clocks
SCY This field represents the number of wait states (external cycles) inserted after the address phase

in the single transfer case, or in the first beat of a burst, when the memory controller handles the
external memory access. Values range from 0 to 15. This is the main parameter for determining

the length of the cycle. These bits are ignored when SETA = 1.

The total cycle length for the first beat (including the TS cycle) = (2 + SCY) external clock cycles.
See Section 12.6.3.1, “Example wait state calculation for related application information.

28 Reserved
29-30 Burst beats length in clocks
BSCY This field determines the number of wait states (external cycles) inserted in all burst beats except

the first, when the memory controller starts handling the external memory access and thus is using
SCY][0:3] to determine the length of the first beat. These bits are ignored when SETA = 1.

The total memory access length for each beat is (1 + BSCY) external clock cycles.

The total cycle length (including the TS cycle) = (2 + SCY) + (#beats' — 1) * (BSCY + 1).

00: 0-clock cycle wait states (1 clock per data beat)

01: 1-clock cycle wait states (2 clocks per data beat)

10: 2-clock cycle wait states (3 clocks per data beat)

11: 3-clock cycle wait states (4 clocks per data beat)

31 Reserved

NOTES:
1 #beats is the number of beats (4,8,16) determined by BL and PS bits in Base Register.

12.5 Functional description

12.5.1 External bus interface features

12.5.1.1 32-bit address bus with transfer size indication (up to 29 available on
pins)

The transfer size for an external transaction is indicated by the TSIZ[0:1] signals during the clock where

address is valid. Valid transaction sizes are 8, 16 and 32 bits. Only 24-29 address lines are pinned out

externally (device-specific option), but a full 32-bit decode is done internally to determine the target of the
transaction and whether a chip select should be asserted.

12.5.1.2 32-bit data bus (16-bit data bus mode also supported)

The entire 32-bit data bus is available for external memory accesses. There is also a 16-bit Data Bus Mode
available via the DBM bit in EBI MCR. See Section 12.2.3.5, “16-bit Data Bus Mode.

12.5.1.3 Multiplexed address on data pins (single master)

When this mode is enabled, the address shows up on the data pins during the address phase of the cycle.
This mode can be enabled separately for non-chip-select accesses and per chip-select access. See
Section 12.2.3.6, “Multiplexed Address on Data Bus Mode.

MPC5634M Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor 299



12.5.1.4 Memory controller with support for various memory types

The EBI contains a memory controller that supports a variety of memory types, including synchronous
burst mode flash and SRAM, and asynchronous/legacy flash and SRAM with a compatible interface.

Each CS bank is configured via its own pair of Base and Option Registers. Each time an internal to external
bus cycle access is requested, the internal address is compared with the base address of each valid Base
Register (with 17 bits having mask). See Figure 78. If a match is found, the attributes defined for this bank
in its EBI_ BR and EBI_OR are used to control the memory access. If a match is found in more than one
bank, the lowest bank matched handles the memory access (e.g., bank 0 is selected over bank 1).

A match on a valid calibration chip-select register overrides a match on any non-calibration chip-select
register, with CAL CSO0 having the highest priority. Thus the full priority of the chip-selects is:
CAL_CSo0,...,CAL _CS3,CSo,...,CS3.

Base Address Address Mask
BA |BA |BA |BA |BA 000000000 BA | BA AM|AM|AM |AM [AM [AM |AM ooooooAM
[0]| [11] (2] | [3]|[4] [15]/[16] [0]| [} (21| [3]] [4]] [5]| [6] [16]
A[0:16]
AM[0:16]

comp|comp|complcomp|compl 6 00 O 0 0 O O O |comp|comp

o]

@99 9 7\ P

J' /ID Match$

Figure 78. Bank base address & match structure

| 1

When a match is found on one of the chip-select banks, all its attributes (from the appropriate Base and
Option Registers) are selected for the functional operation of the external memory access, such as:

» Number of wait states for a single memory access, and for any beat in a burst access
* Burst enable
» Port size for the external accessed device

See Section 12.4.1.4, “EBI Base Registers (EBI BRO-EBI BR3, EBI CAL BRO0-3) and

Section 12.4.1.5, “EBI Option Registers (EBI OR0-EBI_OR3, EBI CAL ORO0-3) for a full description
of all chip-select attributes.

When no match is found on any of the chip-select banks, the default transfer attributes shown in Table 92
are used.
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Table 92. Default attributes for non-chip-select transfers

CS attribute Default value Comment
PS 0 32-bit port size
BL 0 burst length is ‘don’t care’ since burst is disabled
WEBS 0 write enables
TBDIP 0 ‘don’t care’ since burst is disabled
Bl 1 burst inhibited
SCY 0 ‘don’t care’ since external TA is used
BSCY 0 ‘don’t care’ since external TA is used
AD_MUX 0 Address on Data multiplexing
SETA 1 Select external TA to terminate access

12.5.1.5 Burst support (wrapped only)

The EBI supports burst read accesses of external burstable memory. To enable bursts to a particular
memory region, clear the BI (Burst Inhibit) bit in the appropriate Base Register. External burst lengths of
two, four and eight words are supported. Burst length is configured for each chip select by using the BL
and SBL bits in the appropriate Base Register. See Section 12.5.2.5, “Burst transfer for more details on
burst operation.

In 16-bit data bus mode (DBM = 1 in EBI MCR), a special 2-beat burst case is supported for reads and
writes for 32-bit non-chip-select accesses only. This is to allow 32-bit coherent accesses to another MCU.
See Section 12.5.2.9, “Non-chip-select burst in 16-bit Data Bus Mode.

Bursting of accesses that are not controlled by the chip selects is not supported for any other case besides
the special case of 32-bit accesses in 16-bit data bus mode.

Burst writes are not supported for any other case besides the special case of 32-bit non-chip-select writes
in 16-bit data bus mode. Internal requests to write >32 bits (such as a cache line) externally are broken up
into separate 32-bit or 16-bit external transactions according to the port size. See Section 12.5.2.6, “Small
accesses (small port size and short burst length) for more detail on these cases.

12.5.1.6 Bus monitor

When enabled (via the BME bit in the EBI BMCR), the bus monitor detects when no TA assertion is
received within a maximum timeout period for external TA accesses. The timeout for the bus monitor is
specified by the BMT field in the EBI BMCR. Each time a timeout error occurs, the BMTF bit is set in
the EBI_ TESR. The timeout period is measured in external bus (CLKOUT) cycles. Thus the effective
real-time period is multiplied (by 2, 3, etc.) when a slower-speed mode is used, even though the BMT field
itself is unchanged.

12.5.1.7 Port size configuration per chip select (16 or 32 bits)

The EBI supports memories with data widths of 16 or 32 bits. The port size for a particular chip select is
configured by writing the PS bit in the corresponding Base Register.
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12.5.1.8 Configurable wait states

From 0 to 15 wait states can be programmed for any cycle that the memory controller generates, via the
SCY bits in the appropriate Option Register. From 0 to 3 wait states between burst beats can be
programmed using the BSCY bits in the appropriate Option Register.

12.5.1.9 Configurable internal or external TA per chip select

Each chip select can be configured (via the SETA bit) to have TA driven internally (by the EBI), or
externally (by an external device). See Section 12.4.1.4, “EBI Base Registers (EBI BRO-EBI BR3,
EBI CAL BRO0-3)” for more details on SETA bit usage.

12.5.1.10 Support for dynamic calibration with up to four chip-selects

The EBI contains 4 calibration chip select signals, controlling 4 independent memory banks on an optional
2nd external bus for calibration. See Section 12.5.2.10, “Calibration bus operation” for more details on
using the calibration bus.

12.5.1.11 Four write/byte enable (WE/BE) signals

The functionality of the WE[0:3]/BE[0:3] signals depends on the value of the WEBS bit in the
corresponding Base Register. Setting WEBS to 1 configures these pins as BE[0:3], while resetting it to 0
configures them as WE[0:3]. WE[0:3] are asserted only during write accesses, while BE[0:3] is asserted
for both read and write accesses. The timing of the WE[0:3]/BE[0:3] signals remains the same in either
case.

The upper Write/Byte Enable (WE0/BEO) indicates that the upper eight bits of the data bus (DATA[0:7])
contain valid data during a write/read cycle. The upper middle Write/Byte Enable (WE1/BE1) indicates
that the upper middle eight bits of the data bus (DATA[8:15]) contain valid data during a write/read cycle.
The lower middle Write/Byte Enable (WE2/BE2) indicates that the lower middle eight bits of the data bus
(DATA[16:23]) contain valid data during a write/read cycle. The lower Write/Byte Enable (WE3/BE3)
indicates that the lower eight bits of the data bus (DATA[24:31]) contain valid data during a write/read
cycle.

NOTE

The exception to the preceding WE/BE description is that for 16-bit port
transfers (DBM = 1 or PS = 1), only the WE[0:1]/BE[0:1] signals are used,
regardless of whether DATA[0:15] or DATA[16:31] are selected (via the
D16 31 bitin the EBI_ MCR). This means for the case where DATA[16:31]
are selected, that WEO indicates that DATA[16:23] contains valid data, and
WEI] indicates that DATA[24:31] contains valid data.

The Write/Byte Enable lines affected in a transaction for a 32-bit port (PS = 0) and a 16-bit port (PS =1)
are shown in Table 93. Only Big Endian byte ordering is supported by the EBI.
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Table 93. Write/byte enable signals function’

Address 32-bit port size 16-bit port size?
Transfer | 1q1710:1]
size A30 | A3 WEO/ | WE1/ | WE2/ | WE3/ | WEO/ | WE1/ | WE2/ | WE3/
BEO BE1 BE2 BE3 BEO BE1 BE2 BE3
Byte 01 0 0 X X
01 0 1 X X
01 1 0 X X
01 1 1 X X
16-bit 10 0 0 X X X X
10 1 0 X
32-bit 00 0 0 X3 X3
Burst 00 0 0 X X X X X X
Q\IOTES:

This table applies to aligned internal master transfers only. In the case of a misaligned internal master transfer that
is splitinto multiple aligned external transfers, not all of the write enables X’d in the table will necessarily assert. See
Section 12.5.2.11, “Misaligned access support.

2 Also applies when DBM = 1 for 16-bit data bus mode.

3 This case consists of two 16-bit external transactions, but for both transactions the WE[0:1)/BE[0:1] signals are the
only WE/BE signals affected.

12.5.1.12 Slower-speed clock modes

For memories that cannot run with a full-speed external bus, the EBI supports slower-speed clock modes.
Refer to Section 12.2.3.4, “Slower-Speed Modes for more details on this feature. The timing diagrams for
slower-speed modes are identical to those for full-speed mode, except that the frequency of CLKOUT is
reduced.

12.5.1.13 Stop and module disable modes for power savings

See Section 12.2.3, “Modes of operation for a description of the power saving modes.

12.5.1.14 Optional automatic CLKOUT gating

The EBI has the ability to hold the external CLKOUT pin high when the EBI’s internal master state
machine is idle and no requests are pending. The EBI outputs a signal to the pads logic in the MCU to
disable CLKOUT. This feature is disabled out of reset, and can be enabled or disabled by the ACGE bit in
the EBI_ MCR.

NOTE

This feature must be disabled for multi-master systems. In those cases, one
master is getting its clock source from the other master and needs it to stay
valid continuously.
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12.5.1.15 Misaligned access support

The EBI has limited misaligned access support. Misaligned non-burst chip-select transfers from internal
masters are supported. The EBI aligns the accesses when it sends them out to the external bus (splitting
them into multiple aligned accesses if necessary), so that external devices are not required to support
misaligned accesses. Burst accesses (internal master) must match the internal bus size (64-bit aligned). See
Section 12.5.2.11, “Misaligned access support” for more details.

12.5.1.16 Compatible with MPC5xx External Bus (with some limitations)

The EBI is compatible with the external bus of the MPC5xx parts, meaning that it supports most devices
supported by the MPC5xx family of parts. However, there are some differences between this EBI and that
of the MPC5xx parts that the user needs to be aware of before assuming that an MPC5xx-compatible
device works with this EBI. See Section 12.6.6, “Summary of Differences from MPC5xx,” for details.

NOTE

Due to testing and complexity concerns, multi-master (or master/slave)
operation between an MPC55xx MCU and MPC5xx is not guaranteed.

12.5.2 External bus operations

The following sections provide a functional description of the external bus, the bus cycles provided for
data transfer operations, and error conditions.

12.5.2.1 External clocking

The CLKOUT signal sets the frequency of operation for the bus interface directly. Internally, the MCU
uses a phase-locked loop (PLL) circuit to generate a master clock for all of the MCU circuitry (including
the EBI) which is phase-locked to the CLKOUT signal. In general, all signals for the EBI are specified
with respect to the rising-edge of the CLKOUT signal, and they are guaranteed to be sampled as inputs or
changed as outputs with respect to that edge.

12.5.2.2 Reset

Upon detection of internal reset assertion, the EBI immediately ends all transactions (abruptly, not through
normal termination protocol), and ignores any transaction requests that take place while reset is asserted.

12.5.2.3 Basic transfer protocol

The basic transfer protocol defines the sequence of actions that must occur on the external bus to perform
a complete bus transaction. A simplified scheme of the basic transfer protocol is shown in Figure 79.
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ARBITRATION ADDRESS TRANSFER DATA TRANSFER TERMINATION

Figure 79. Basic transfer protocol

The arbitration phase is where bus ownership is requested and granted. This phase is not needed in Single
Master Mode because the EBI is the permanent bus owner in this mode.

The address transfer phase specifies the address for the transaction and the transfer attributes that describe
the transaction. The signals related to the address transfer phase are TS, ADDR (or DATA if Address/Data
multiplexing is used), CS[0:3], RD_WR, TSIZ[0:1], and BDIP. The address and its related signals (with
the exception of TS, BDIP) are driven on the bus with the assertion of the TS signal, and kept valid until
the bus master receives TA asserted (the EBI holds them one cycle beyond TA for writes and external TA
accesses). Note that for writes with internal TA, RD_WR is not held one cycle past TA.

The data transfer phase performs the transfer of data, from master to slave (in write cycles) or from slave
to master (on read cycles), if any is to be transferred. The data phase may transfer a single beat of data (1-4
bytes) for non-burst operations or a 2-beat, 4-beat, 8-beat, or 16-beat burst of data (2 or 4 bytes per beat
depending on Port Size) when burst is enabled. On a write cycle, the master must not drive write data until
after the address transfer phase is complete. This is to avoid electrical contentions when switching between
drivers. The master must start driving write data one cycle after the address transfer cycle. The master can
stop driving the data bus as soon as it samples the TA line asserted on the rising edge of CLKOUT. To
facilitate asynchronous write support, the EBI keeps driving valid write data on the data bus until 1 clock
after the rising edge where RD_WR and WE are negated (for chip-select accesses only). See Figure 86 for
an example of write timing. On a read cycle, the master accepts the data bus contents as valid on the rising
edge of the CLKOUT in which the TA signal is sampled asserted. See Figure 81 for an example of read
timing.

The termination phase is where the cycle is terminated by the assertion of either TA (normal termination)
or TEA (termination with error). Termination is discussed in detail in Section 12.5.2.8, “Termination
signals protocol.

NOTE

In the timing diagrams in this document, asynchronous relationships
between signals that switch in the same CLKOUT cycle are not guaranteed.
For example, in Figure 86, WE and write DATA change during the same
CLKOUT cycle. There is no guarantee that DATA will be stable before WE
assertion. External devices should not be latching write DATA on WE
assertion, but instead must use a signal edge that takes place in a later
CLKOUT cycle, such as WE negation.
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12.5.2.4 Single beat transfer

The flow and timing diagrams in this section assume that the EBI is configured in Single Master Mode.
Therefore, arbitration is not needed and is not shown in these diagrams.

12.5.2.4.1  Single beat read flow

The handshakes for a single beat read cycle are illustrated in the following flow and timing diagrams.

MASTER (EBI)

¢

asserts transfer start (TS)

drives address and attributes

'

receives address

'

|

|

|

|

|

|

|

|

|

|

T

|

|

|

|

|

| drives data
' :
|

|
|
|
|
|
|
|
|
|
|
|
|

CS access & ISETA?

yes

asserts transfer acknowledge (TA) asserts transfer acknowledge (TA)

|
\

receives data

Figure 80. Basic flow diagram of a single beat read cycle
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cwour [ [ [ | L [ LI [

ADDR[3:31] X

RD_WR / \

BDIP / \
TS \ /
DATA[0:31] X X
TA \—Q’
_ DATA is valid
CS[n| \ /
OE \ /

Figure 81. Single beat 32-bit read cycle, CS access, zero wait states

cwour [ L[ L[ [ [ [ L[ []

ADDR[3:31] X

RD_WR / \

sore ] ¥
I

DATA[0:31] \ Y

TA Wait state «——> \ /
DATA is valid

csim O\ S
OF \ ST

Figure 82. Single beat 32-bit read cycle, CS access, one wait state
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cwour| [ [ [ | L] LI L |

ADDR(3:31] X X

RD_WR /

BoP ] X
s

DATA[0:31] X X
TA(input) \ :
DATA is valid
CS[n]
OE

*The EBI drives address and control signals an extra cycle because it uses a latched
version of the external TA (1 cycle delayed) to terminate the cycle.

Figure 83. Single beat 32-bit read cycle, non-CS access, zero wait states

cour [ [ L[ L[ L LI L[|

ADDRI[3:31] X

RD_WR / \

BDIP / \

TS \ /

DATA[0:31] X X
ﬁ

. DATA is valid Z;

CS[n] \ /

OE \ /

Figure 84. Single beat 32-bit read cycle, CS access, zero wait states (EOE = 0b01, 0b10)
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12.5.2.4.2 Single beat write flow

The handshakes for a single beat write cycle are illustrated in the following flow and timing diagrams.

MASTER

¢

asserts transfer start (TS)
drives address and attributes

v

receives address

v

drives data

v

receives data

'

yes
CS access & ! SETA?

asserts transfer acknowledge (TA) asserts transfer acknowledge (TA)

'

waits 1 clock
stops driving data

Figure 85. Basic flow diagram of a single beat write cycle
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cour L L L L 1|

ADDR[3:31] ¥ ¥

RD_WR —\ /

DATA[0:31] X 0 o X
TA \ /

CS[n] \ /
WE0:3] \ /

Figure 86. Single beat 32-bit write cycle, CS access, zero wait states

cwour[ [ [ L[ | L[ [ L[|

ADDR[3:31] >< >(

RDWR /

i -/ DATA s valid

DATA[0:31] X o 0 o ><

TA Wait state «<——>  \ /
CS[n] \ /

WEJ0:3] \ /

Figure 87. Single beat 32-bit write cycle, CS access, one wait state
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cwour [ [ L[ L[ L L[ L[|

ADDRI[3:31] X X

RDWR  \ /

BDIP / \
s/ B DATA is valid

<

>
>

DATA[0:31] X 0 0 o X
TA (Input)
\—Og» DATA is valid
CSin]
WE[0:3]

*The EBI drives address and control signals an extra cycle because it uses a latched
version of the external TA (1 cycle delayed) to terminate the cycle.

Figure 88. Single beat 32-bit write cycle, non-CS access, zero wait states

cwour || | L L L L |

ADDR[3:31] Y ¥

RD_WR N\ /

BDIP / \
A
_ DATA is valid

<< >

DATA[0:31] X 0 o X
TA \ /

CcSinl — |\ /
WEJ0:3] \ /

Figure 89. Single beat 32-bit write cycle, CS access, zero wait states, LWRN = 1

12.5.2.4.3 Back-to-back accesses

Due to internal bus protocol, one dead cycle is necessary between back-to-back external bus accesses that
are not part of a set of small accesses (see Section 12.5.2.6, “Small accesses (small port size and short burst
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length) for small access timing). A dead cycle refers to a cycle between the TA of a previous transfer and
the TS of the next transfer.

NOTE

In some cases, CS remains asserted during this dead cycle, such as the cases
of back-to-back writes or read-after-write to the same chip-select (with
EBI BR[GCSN] = 0). See Figure 93 and Figure 94. However, if

EBI BR[GCSN] =1 (see Figure 95), then the EBI inserts an extra dead
cycle between the accesses for these cases in order to guarantee CS
negation.

Besides this dead cycle, in most cases, back-to-back accesses on the external bus do not cause any change
in the timing from that shown in the previous diagrams, and the two transactions are independent of each
other. The only exceptions to this are listed below:

» Back-to-back accesses where the first access ends with an externally-driven_ﬁ or TEA. In these
cases, an extra cycle is required between the end of the first access and the TS assertion of the
second access. See Section 12.5.2.8, “Termination signals protocol for more details.

The following diagrams show a few examples of back-to-back accesses on the external bus.

cwour | | [ [ L[ L L L]

ADDR[3:31] X >< X

X

RD_WR / \
N
X

DATA[0:31] \ \ Y
s\ DATA is valid Vammmnt DATA is valid > ———
ocE \ / s

Figure 90. Back-to-back 32-bit reads to the same CS bank
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cwour [ [ L[ L[ L L[ L[|

ADDRI[3:31] X X

X
RD_WR / \
N
X

BF ]
s/ o/

DATA[0:31] ¥ ¥ ¥

ﬁ
):>/ DATA is valiid *—>

— DATA is valid
csinl —\ IS vali /

oS \

-
e N

Figure 91. Back-to-back 32-bit reads to different CS banks
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CLKOUT ‘

AR ;\
34 x

DATA[0:31] ><

DATA is valid

LT

Figure 92. Write after read to the same CS bank
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CLKOUT N
ADDR[3:31] X X X

BDP / \
S\ / DATAis valid \ /  DATA s valid

<> |

DATA[0:31] >< >< >< ><

ﬂ —\_O_/—\_O_/

csin |\ /
we o\

Figure 93. Back-to-back 32-bit writes to the same CS bank
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CLKOUT ‘

ADDR[331]:>< : | >< f f ><

o M

\

* M
DATA |s valld

DATAO: 31] : ><

><

X |

=

Figure 94. Read after write to the same CS bank
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CLKOUT ‘

ADDR[331]:>< : | >< f f ><

o M

\

* M
DATA |s valld

DATAO: 31] : ><

><

X |

=

Figure 95. Read after write to the same CS bank (EBI_BR[GCSN] = 1)
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12.5.2.5 Burst transfer

The EBI supports wrapping 32-byte critical-doubleword-first burst transfers. Bursting is supported only
for internally-requested (e.g. core, DMA, etc.) cache-line size (32-byte) read accesses to external devices
that use the chip selects!.

Accesses to devices operating without a chip select are always single beat. If an internal request to the EBI
indicates a size of less than 32 bytes, the request is fulfilled by running one or more single-beat external
transfers, not by an external burst transfer.

An 8-word wrapping burst reads eight 32-bit words by supplying a starting address that points to one of
the words (doubleword aligned) and requiring the memory device to sequentially drive each word on the
data bus. The selected slave device must internally increment ADDR[27:29] (also ADDR30 in the case of
a 16-bit port size device) of the supplied address for each transfer, until the address reaches an 8-word
boundary, and then wrap the address to the beginning of the 8-word boundary. The address and transfer
attributes supplied by the EBI remain stable during the transfers. Termination of each beat transfer occurs
by the EBI asserting TA (SETA = 1 is not supported for burst transfers). The EBI requires that addresses
be aligned to a doubleword boundary on all burst cycles.

Table 94 shows the burst order of beats returned for an 8-word burst to a 32-bit port.
Table 94. Wrap bursts order

Burst starting address Burst order
ADDR[27:28] (assuming 32-bit port size)
00 word0 -> word1 -> word2 -> word3 -> word4 -> word5 -> word6 -> word7
01 word2 -> word3 -> word4 -> word5 -> word6 -> word7 -> word0 -> word1
10 word4 -> word5 -> word6 -> word7 -> word0O -> word1 -> word2 -> word3
11 word6 -> word7 -> word0 -> word1 -> word2 -> word3 -> word4 -> word5

The general case of burst transfers assumes that the external memory has 32-bit port size and 8-word burst
length (SBL = 0, BL = 0). The EBI can also burst from 16-bit port size memories, taking twice as many
external beats to fetch the data as compared to a 32-bit port with the same burst length. The EBI can also
burst from 16-bit or 32-bit memories that have a 4-word burst length (SBL =0, BL = 1 in the appropriate
Base Register). In this case, two external 4-word burst transfers (wrapping on 4-word boundary) are
performed to fulfill the internal 8-word requestz. This operation is considered atomic by the EBI, so the
EBI does not allow other unrelated master accesses or bus arbitration to intervene between the transfers.
For more details and a timing diagram, see Section Example 3., “Small access example #3: 32-byte read
to 32-bit port with BL = 1.

The EBI can also burst from 16-bit or 32-bit memories that have a 2-word burst length (SBL =1, BL = X
in the appropriate Base Register). In this case, four® external 2-word burst transfers (wrapping on 2-word
boundary) are performed to fulfill the internal 8-word request. This operation is considered atomic by the
EBI, so the EBI does not allow other unrelated master accesses or bus arbitration to intervene between the

1. Except for the special case of a 32-bit non-chip-select access in 16-bit data bus mode. See Section 12.5.2.9, “Non-chip-select
burst in 16-bit Data Bus Mode.

2. This case (of two external 4-word burst transfers being required) applies only to AMBA data bus width of 64 bits.

3. Applies to 64-bit AMBA data bus width. For 32-bit AMBA data bus width, only two transfers are performed.
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transfers. For more details and a timing diagram, see Section Example 5., “Small access example #5:
32-byte read to 32-bit port with SBL = 1.

During burst cycles, the BDIP (Burst Data In Progress) signal is used to indicate the duration of the burst
data. During the data phase of a burst read cycle, the EBI receives data from the addressed slave. If the
EBI needs more than one data, it asserts the BDIP signal. Upon receiving the data prior to the last data, the
EBI negates BDIP. Thus, the slave stops driving new data after it receives the negation of BDIP on the
rising edge of the clock. Some slave devices have their burst length and timing configurable internally and
thus may not support connecting to a BDIP pin. In this case, BDIP is driven by the EBI normally, but the
output is ignored by the memory and the burst data behavior is determined by the internal configuration
of the EBI and slave device. When the TBDIP bit is set in the appropriate Base Register, the timing for
BDIP is altered. See Section 12.5.2.5.1, “TBDIP effect on burst transfer for this timing.

Since burst writes are not supported by the EBI', the EBI negates BDIP during write cycles.

1. Except for the special case of a 32-bit non-chip-select access in 16-bit data bus mode. See Section 12.5.2.9, “Non-chip-select
burst in 16-bit Data Bus Mode.
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asserts transfer start (TS)

drives address and attributes

\/
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drives data

asserts transfer acknowledge (TA)
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L next to last data beat?
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|
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I
|
|
receive last data |
|

Figure 96. Basic flow diagram of a burst read cycle
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CLKOUT J u u \_I I—I u

ADDR[3:31] X ADDR[29:31] = ‘000’ X

RD_WR /

T\

Expects more data
BDIP

Y XY XY Y XY Y (v X

DATA is valid

DATA[0:31] X
sl |\ ST
oE /T

Figure 97. Burst 32-bit read cycle, zero wait states

CLKOUT I u u \_I I—I u

ADDR[3:31] X ADDR[29:31] = ‘000’

O) )
"

O
®)
O

n

Expects more data

BDIP =< Py L N A S ”
DATA[0:31] O X ) X Xy XY XYY Xy X
o B DATA is valid
TA .
< > O O O O O Q
Wait state

csim -\
OE \

Figure 98. Burst 32-bit read cycle, one initial wait state

)O—/—
/_
S

12.5.2.5.1 TBDIP effect on burst transfer

Some memories require different timing on the BDIP signal than the default to run burst cycles. Using the
default value of TBDIP = 0 in the appropriate EBI Base Register results in BDIP being asserted (SCY+1)
cycles after the address transfer phase, and being held asserted throughout the cycle regardless of the wait
states between beats (BSCY). Figure 99 shows an example of the TBDIP = 0 timing for a 4-beat burst with

BSCY = 1.
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CLKOUT J u u \_I I—I u

ADDR[3:31] X ADDR[29:31] = ‘000’ X

RD_WR /

s/
_ _ Expects more data o
BDIP \| = 5 > /

DATA[0:31] ¥ N X N X\

<—— DATAisvald ———— >

A <>
Wait state <> <> <>

X
CSI[n] _\ Wait state Wait state Wait state /
OE \ /

Figure 99. Burst 32-bit read cycle, one wait state between beats, TBDIP =0

When using TBDIP = 1, the BDIP behavior changes to toggle between every beat when BSCY is a
non-zero value. Figure 100 shows an example of the TBDIP = 1 timing for the same 4-beat burst shown
in Figure 99.

CLKOUT \_l \_, \_I I—I u

ADDR[3:31] X ADDR[29:31] = ‘000’ ><

TS j_/ B Expects more data

s o\ o o [
DATA[0:31] X XN XN X N

<——  DATAisvalid ————— >

TA
S —

Wait state -~ <> <>

X
CS[nl ‘\ Wait state Wait state Wait state /
OE \ /

Figure 100. Burst 32-bit read cycle, one wait state between beats, TBDIP =1

12.5.2.6 Small accesses (small port size and short burst length)

In this context, a small access refers to an access whose burst length and port size (SBL, BL, PS bits in
Base Register for chip-select access or default burst disabled, 32-bit port for non-chip-select access) are
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such that the number of bytes requested by the internal master cannot all be fetched (or written) in one
external transaction. If this is the case, the EBI initiates multiple transactions until all the requested data is
transferred. It should be noted that all the transactions initiated to complete the data transfer are considered
as an atomic transaction, so the EBI does not allow other unrelated master accesses to intervene between
the transfers.

Table 95 shows all the combinations of burst length, port size, and requested byte count that cause the EBI
to run multiple external transactions to fulfill the request.

Table 95. Small access cases

Byte count requested . # External accesses to
. Burst length Port size -
by internal master fulfill request
Non-Burstable Chip-Select Banks (Bl = 1) or Non-Chip-Select Access
4 1 beat 16-bit 2111
8 1 beat 32-bit 2
8 1 beat 16-bit 4
162 1 beat 32-bit 4
162 1 beat 16-bit 8
323 1 beat 32-bit 8
328 1 beat 16-bit 16
Burstable Chip-Select Banks (Bl = 0)
328 4 words 16-bit (8 beats), 2
32-bit (4 beats)
324 2 words 16-bit (4 beats), 4
32-bit (2 beats)

NOTES:
T In 32-bit data bus mode (DBM = 0 in EBI_MCR), two accesses are performed. In 16-bit data bus mode

(DBM = 1), one 2-beat burst access is performed and this is not considered a “small access” case. See
Section 12.5.2.9, “Non-chip-select burst in 16-bit Data Bus Mode for this special DBM = 1 case.

2 Only supported for case of 32-bit internal AMBA data bus
8 Only supported for case of 64-bit internal AMBA data bus
4 SBL =1 (2-word burst case)

In most cases, the timing for small accesses is the same as for normal single-beat and burst accesses, except
that multiple back-to-back external transfers are executed for each internal request. These transfers have
no additional dead cycles in-between that are not present for back-to-back stand-alone transfers except for
the case of writes with an internal request size of > 64 bits, discussed in Section Example 2., “Small access
example #2: 32-byte write with external TA.

A few examples of small access are provided on the following pages. The timing for the remaining cases
in Table 95 can be extrapolated from these and the other timing diagrams in this document.

MPC5634M Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor 323



h

Example 1. Small access example #1: 32-bit write to 16-bit port

Figure 101 shows an example of a 32-bit write to a 16-bit port, requiring two 16-bit external transactions.

CLKOUT B [ U [ O B
ADDR[3:31] X A X A+2 X

TS DATA is valid DATA is valid

<> S S
DATA[0:31] X_ABCDXXXX X X EFGHXXXX X

L A A N
csin |\ /
we O\ / T\ /

Figure 101. Single beat 32-bit write cycle, 16-bit port size, basic timing
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Example 2. Small access example #2: 32-byte write with external TA

Figure 102 shows an example of a 32-byte write to a non-chip-select device using external TA, requiring
eight 32-bit external transactions. Note that due to the use of external TA, RD_WR does not toggle
between the accesses unless that access is the end of a 64-bit boundary. In this case, an extra cycle is
required between TA and the next TS in order to get the next 64-bits of write data internally and RD_WR
negates during this extra cycle.

CLKOUT \_l u I—l u u I—I

ADDR[3:31] X A X A+4 X A+8 X A+oxc

RD_WR _\ /T

A

TS 1 / DATA is valid 2/ DATAis valid~ 3 / DATA is valid 4"
<> <> <>

DATA[0:31] X X X X X X X
/S o /L

CS[nl

WE

*This extra cycle is required after accesses 2, 4, and 6 to get the next 64-bits of internal write data.

** Four more external accesses (not shown) are required to complete the internal 32-byte request.
The timing of these is the same as accesses 1—4 shown in this diagram.

Figure 102. 32-byte write cycle with external TA, basic timing
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Example 3. Small access example #3: 32-byte read to 32-bit port with BL = 1

Figure 103 shows an example of a 32-byte read to a 32-bit burst enabled port with burst length of 4 words,
requiring two 4-word (16-byte) external transactions. For this case, the address for the second 4-word burst
access is calculated by adding 0x10 to the lower 5 bits of the first address (no carry), and then masking out
the lower 4 bits to fix them at zero.

Table 96. Examples of 4-word burst addresses

1st address Lower 5 bits of 1st address + Final 2_nd address (§ﬂer
0x10 (no carry) masking lower 4 bits)
0x000 0x10 0x10
0x008 0x18 0x10
0x010 0x00 0x00
0x018 0x08 0x00
0x020 0x30 0x30
0x028 0x38 0x30
0x030 0x20 0x20
0x038 0x28 0x20

CLKOUT u u u I—I u

ADDR[3:31] X ADDR[29:31] = ‘000’ X ADDR[28:31] = ‘0000’ X

RD_WR / \

s\
BDIP
DATA[0:31] O X O X X e Xy Xy

DATA is valid DATA is valid

TA N e— A BN ——

<—>»  Expects more data <«——F——>

csim -\
OE \

Figure 103. 32-byte read with back-to-back 4-word bursts to 32-bit port, zero wait states

455
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Example 4. Small access example #4: 64-bit read to 16-bit port

Figure 104 shows an example of a 64-bit read to a 16-bit port, requiring four 16-bit external transactions.

CLKOUT ‘ ‘

oorest AT e N e e

RD_WR

DATAjisvalid | DATA s valld DATA is valld DATA is valld

* Or DATA[16:31], based on D16_31 bit in EBI_MCR.

Figure 104. Single beat 64-bit read cycle, 16-bit port size, basic timing
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Example 5. Small access example #5: 32-byte read to 32-bit port with SBL = 1

Figure 103 shows an example of a 32-byte read to a 32-bit burst enabled port with burst length of 2 words,
requiring four 8-byte external transactions. For this case, the address for the second—fourth 2-word burst
accesses is calculated by adding 0x08 to the lower 5 bits of the first address (no carry), and then masking
out the lower 3 bits to fix them at zero.

Table 97. Examples of 2-word burst addresses

1st address Lower 5 bits of 1st address + Final 2nd—.4th addresse:s
0x08 (no carry) (after masking lower 3 bits)

0x000 0x08 0x08, 0x10, 0x18

0x008 0x10 0x10, 0x18, 0x00

0x010 0x18 0x18, 0x00, 0x08

0x018 0x00 0x00, 0x8, 0x10

0x020 0x28 0x28, 0x30, 0x38

0x028 0x30 0x30, 0x38, 0x20

0x030 0x38 0x38, 0x20, 0x28

0x038 0x20 0x20, 0x28, 0x30
cwour [ | L[ L L[ L LI L LI L LI [
ADDR][3:31] :X ADDR[29:31] = ‘000’ >< ADDRJ[28:31] = ‘0000’ X:

RD_WR / \

s\
BDIP
DATA[0:31] O X O X X e Xy Xy

DATA is valid DATA is valid

ﬁ—\—c{ O O ;o—/—\—o{ O O ;o—/_

<—>»  Expects more data <«——F——>

st |\ a
oE a

Figure 105. 32-byte read with 4 back-to-back 2-word bursts to 32-bit port, zero wait states (SBL = 1)

12.5.2.7 Size, alignment and packaging on transfers

Table 98 shows the allowed sizes that an internal master can request from the EBI. The behavior of the
EBI for request sizes not shown below is undefined. No error signal is asserted for these erroneous cases.
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Table 98. Transaction sizes supported by EBI

Number of bytes (internal master) Number of bytes (external master)

1 1

2 2
4 4
31 —
8 J—

322 —

NOTES:

Some misaligned access cases may result in 3-byte writes. These cases are treated as power-of-2
sized requests by the EBI, using WE_BE[0:3] to make sure only the appropriate 3 bytes get written.

2 Only supported for case of 64-bit internal AMBA data bus.

Even though misaligned non-burst transfers from internal masters are supported, the EBI naturally aligns
the accesses when it sends them out to the external bus, splitting them into multiple aligned accesses if
necessary. See Section 12.5.2.11, “Misaligned access support for these cases.

Natural alignment for the EBI means:

* Byte access can have any address

» 16-bit access, address bit 31 must be 0

» 32-bit access, address bits 30—31 must be 0

» For burst accesses of any size, address bits 29-31 must be 0
The EBI never generates a misaligned external access, so a multi-master system with two €200-based
MCUs can never have a misaligned external access from one to the other. In the erroneous case that an

externally-initiated misaligned access does occur, the EBI errors the access (by asserting TEA externally)
and does not initiate the access on the internal bus.

The EBI requires that the portion of the data bus used for a transfer to/from a particular port size be fixed.
A 32-bit port must reside on data bus bits 0—31,and a 16-bit port must reside on bits 0—15.
In the following figures and tables the following convention is adopted:

* The most significant byte of a 32-bit operand is OP0, and OP3 is the least significant byte.

* The two bytes of a 16-bit operand are OP0O (most significant) and OP1, or OP2 (most significant)
and OP3, depending on the address of the access.

» The single byte of a byte-length operand is OP0, OP1, OP2, or OP3, depending on the address of
the access.

This can be seen in Figure 106.
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OPO OP1 OP2 OP3 32-bit
OPO OP1
oP2 OP3 16-bit
OPO
OP1 Byte
oP2
OP3

Figure 106. Internal operand representation

Figure 107 shows the device connections on the DATA[0:31] bus.

0 31
Interface
OPO OP1 OoP2 OP3 Output
Register
DATA[0:7] DATA[8:15] DATA[16:23] DATA[24:31]
OPO OP1 OoP2 OP3 32-bit port size
OPO OP1

16-bit port size
OoP2 OP3

Figure 107. Interface to different port size devices

Table 99 lists the bytes required on the data bus for read cycles. The bytes indicated as “—’ are not required
during that read cycle.
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Table 99. Data bus requirements for read cycles

Trar_1 sfer — Address 32-bit port size 16-bit port size'
size A30 | A31 | DO:D7 | D8:D15 | D16:D23 | D24:D31 D0:D7? D8:D15°
Byte 01 0 0 OPO — — — OPO —

01 0 1 — OP1 — — — OP1
01 1 0 — — OoP2 — OP2 —
01 1 1 — — — OP3 — OP3
16-bit 10 0 0 OPO OP1 — — OPO OP1
10 1 0 — — OP2 OP3 OP2 OP3
32-bit 00 0 0 OPO OP1 OoP2 OP3 OPO/OP2*| OP1/0OP3
NOTES:

1

A WD

Also applies when DBM = 1 for 16-bit data bus mode.
For address/data muxed transfers, DATA[16:23] are used externally, not DATA[0:7].
For address/data muxed transfers, DATA[24:31] are used externally, not DATA[8:15].

This case consists of two 16-bit external transactions, the first fetching OP0 and OP1, the second fetching OP2
and OP3.

Table 100 lists the patterns of the data transfer for write cycles when accesses are initiated by the MCU.
The bytes indicated as ‘— are not driven during that write cycle.

Table 100. Data bus contents for write cycles

Trap sfer — Address 32-bit port size 16-bit port size'
size A30 | A31 | D0:D7 | D8:D15 | D16:D23 | D24:D31 | D0:D72 | D8:D153
Byte 01 0 0 OPO — — — OPO —

01 0 1 — OP1 — — — OP1
01 1 0 — — oP2 — oP2 —
01 1 1 — — — OP3 — OP3
16-bit 10 0 0 OPO OP1 — — OPO OP1
10 1 0 — — oP2 OP3 OP2 OP3
32-bit 00 0 0 OPO OP1 OP2 OP3  |OPo/OP2*| OP1/0P3
NOTES:

T Also applies when DBM = 1 for 16-bit data bus mode.

For address/data muxed transfers, DATA[16:23] are used externally, not DATA[0:7].
For address/data muxed transfers, DATA[24:31] are used externally, not DATA[8:15].

This case consists of two 16-bit external transactions, the first writing OP0 and OP1, the second writing OP2 and
OPs3.

A W N

12.5.2.8 Termination signals protocol

The termination signals protocol was defined in order to avoid electrical contention on lines that can be
driven by various sources. In order to do that, a slave must not drive signals associated with the data
transfer until the address phase is completed and it recognizes the address as its own. The slave must
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disconnect from signals immediately after it acknowledges the cycle and not later than the termination of
the next address phase cycle.

For EBI-mastered non-chip-select accesses, the EBI requires assertion of TA from an external device to
signal that the bus cycle is complete. The EBI uses a latched version of TA (1 cycle delayed) for these
accesses to help make timing at high frequencies. This results in the EBI driving the address and control
signals 1 cycle longer than required, as seen in Figure 108. However, the DATA does not need to be held
1 cycle longer by the slave, because the EBI latches DATA every cycle during non-chip-select accesses.
During these accesses, the EBI does not drive the TA signal, leaving it up to an external device (or weak
internal pullup) to drive TA.

For EBI-mastered chip-select accesses, when the SETA bit is 0, the EBI drives TA the entire cycle,
asserting according to internal wait state counters to terminate the cycle. When the SETA bit is 1, the EBI
samples the TA for the 