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Chapter 1 Preface

Chapter 1
Preface

1.1 Overview

The primary objective of this document is to define the functionality of the MPC5646C microcontroller
for use by software and hardware developers. The MPC5646C is built on Power Architecture® technology
and integrates technologies that are important for today’s automotive vehicle body applications.

The information in this book is subject to change without notice, as described in the disclaimers on the title
page. 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/.

1.2 Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the MPC5646C 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.

1.3 Guide to this reference manual

Table 1-1. Guide to this reference manual

Chapter
Description Functional group

# Title

2 | Introduction General overview, family description, feature list and Introductory
information on how to use the reference manual in material
conjunction with other available documents.

3 | Memory Map Memory map of all peripherals and memory. Memory map

4 | Signal Description Pinout diagrams and descriptions of all pads. Signals

5 | Microcontroller Boot Boot

e Microcontroller Boot ¢ Describes what configuration is required by the

user and what processes are involved when the
microcontroller boots from flash memory or serial
boot modes.

* Describes censorship.

* Boot Assist Module (BAM) | Features of BAM code and when it's used.

e System Status and Reports information about current state and
Configuration Module configuration of the microcontroller.
(SSCM)

MPC5646C Microcontroller Reference Manual, Rev. 5
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Chapter 1 Preface

Table 1-1. Guide to this reference manual (continued)

Chapter
Description Functional group
# Title
6 | Clock Description * Covers configuration of all of the clock sources in | Clocks and power
the system.
* Describes the Clock Monitor Unit (CMU). (includes operating
- - - - mode configuration
7 | Clock Generation Module Determ'lr'les how the clock sources are used (including and how to wake up
(MC_CGM) clock dividers) to generate the reference clocks for all from low power
of the modules and peripherals. mode)
8 | Mode Entry Module (MC_ME) | Determines the clock source, memory, power and
peripherals that are available in each operating mode.
9 | Reset Generation Module Manages the process of entering and exiting reset,
(MC_RGM) allows reset sources to be configured (including
LVD's) and provides status reporting.
10 | Power Control Unit (MC_PCU) | Controls the power to different power domains within
the microcontroller (allowing SRAM to be selectively
powered in STANDBY mode).
11 | Voltage Regulators and Power | Information on voltage regulator implementation.
Supplies Includes enable bit for 5 V LVD (see also MC_RGM).
12 | Wakeup Unit (WKPU) Always-active analog block. Details configuration of 2
internal (API/RTC) and 30 external (pin) low power
mode wakeup sources.
13 | Real Time Clock / Autonomous | Details configuration and operation of timers that are
Periodic Interrupt (RTC/API) predominately used for system wakeup.
14 | CAN Sampler Details on how to configure the CAN sampler which is

used to capture the identifier frame of a CAN message
when the microcontroller is in low power mode.

MPC5646C Microcontroller Reference Manual, Rev. 5
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Table 1-1. Guide to this reference manual (continued)

Chapter 1 Preface

Chapter
Description Functional group
# Title
15 |e200z0h Core Overview on cores. For more details consult the core Core platform
reference manuals available on www.freescale.com. modules
16 |e200z4d Core
17 | Enhanced Direct Memory Operation and configuration information on the
Access (eDMA) 32-channel direct memory access that can be used to
transfer data between any memory mapped locations.
Certain peripherals have eDMA triggers that can be
used to feed configuration data to, or read results from
the peripherals.
18 | eDMA Channel Multiplexer Operation and configuration information for the eDMA
(DMA_MUX) multiplexer, which takes the 56 possible eDMA
sources (triggers from the DSPI, eMIOS, [2C, ADC
and LINFlexD_) and multiplexes them onto the 32
eDMA channels.
19 |Interrupt Controller (INTC) Provides the configuration and control of all of the
external interrupts (non-core) that are then routed to
the IVOR4 core interrupt vector.
20 | Crossbar Switch (XBAR) The 8-way Master / Slave crossbar switch can be
highly configured to maximize performance based on
your application requirements.
21 | Memory protection unit (MPU) | The MPU sits on the slave side of the XBAR and
allows highly configurable control over all master
accesses to the memory.
22 | Semaphores Semaphores can be configured as described in this
section to ensure memory coherency in multi core
microcontrollers.
23 | Performance Optimization Details the configurations that are possible in order to Performance
maximize the performance of the cores and system.
24 | System Integration Unit Lite How to configure the pins or ports for input or output Ports
(SIUL) functions including external interrupts and DSI
serialization.
25 |Inter-Integrated Circuit Bus These chapters describe the configuration and Communication
Controller Module (12C) operation of the various communication modules. modules
Some of these modules support DMA requests to fill /
26 | LIN Controller (LINFlexD) empty buffer queues to minimize CPU overhead.
27 |FlexCAN
28 | Deserial Serial Peripheral
Interface (DSPI)
29 |FlexRay Communication
Controller (FLEXRAY)
30 |Fast Ethernet Controller (FEC)

MPC5646C Microcontroller Reference Manual, Rev. 5
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Chapter 1 Preface

Table 1-1. Guide to this reference manual (continued)

Chapter
Description Functional group
# Title
31 |Timers Timer modules
e Technical overview Gives an overview of the available system timer
modules showing links to other modules as well as
tables detailing the external pins associated with
eMIOS timer channels.
e System Timer Module A simple 32-bit free running counter with 4 compare
(STM) channels with interrupt on match. It can be read at any
time; this is very useful for measuring execution times.
e Enhanced Modular IO Highly configurable timer module(s) supporting PWM,
Subsystem (eMIOS) output compare and input capture features. Includes
interrupt and eDMA support.
* Periodic Interrupt Timer with | Set of 32-bit count down timers that provide periodic
Real-Time Interrupt events (which can trigger an interrupt) with automatic
(PIT_RTI) re-load. The RTI can be used for generating a periodic
system wakeup event.
32 | Analog-to-Digital Converter Details the configuration and operation of the ADC ADC system
(ADC) modules as well as detailing the channels that are
shared between the 10-bit and 12-bit ADC. The ADC
is tightly linked to the INTC, eDMA, PIT_RTland CTU.
When used in conjunction with these other modules,
the CPU overhead for an ADC conversion is
significantly reduced.
33 | Cross Triggering Unit (CTU) The CTU allows an ADC conversion to be
automatically triggered based on an eMIOS event (like
a PWM output going high) or a PIT_RTI event with no
CPU intervention.
35 | Flash Memory Details the code and data flash memory structure Memory
(with ECC), block sizes and the flash memory port
configuration, including wait states, line buffer
configuration and pre-fetch control.
34 | Static RAM (SRAM) Details the structure of the SRAM (with ECC). There

are no user configurable registers associated with the
SRAM.
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Table 1-1. Guide to this reference manual (continued)

Chapter 1 Preface

Chapter
Description Functional group
# Title
36 | Register Protection Certain registers in each peripheral can be protected Integrity
from further writes using the register protection
mechanism detailed in this section. Registers can
either be configured to be unlocked via a soft lock bit
or locked unit the next reset.
37 | Software Watchdog Timer The SWT offers a selection of configurable modes that
(SWT) can be used to monitor the operation of the
microcontroller and /or reset the device or trigger an
interrupt if the SWT is not correctly serviced. The SWT
is enabled out of reset.
38 | Error Correction Status Module | Provides information about the last reset, general
(ECSM) device information, system fault information and
detailed ECC error information.
39 | Self-Test Control Unit (STCU) | Details how to configure the Memory Built In Self Test
(MBIST), which checks the operational status of the
memories at system boot time (according to SIL
requirements) and reports accordingly.
40 | Cryptographic Services Engine | Implements security features as defined by the SHE
(CSE) specification, providing secure boot authentication
and additional AES security features.
41 | JTAG Controller (JTAGC) Used for boundary scan as well as device debug. Debug
42 | Nexus Development Interface | Provides advanced debug features including non
(NDI) intrusive trace capabilities.
A | Revision History Summarizes the changes between each successive Revision history
revision of this reference manual information

1.4

Register description conventions

The register information for MPC5646C is presented in:
e Memory maps containing:
— An offset from the module’s base address
— The name and acronym/abbreviation of each register
— The page number on which each register is described
* Register figures
» Field-description tables
» Associated text

The register figures show the field structure using the conventions in Figure 1-1.

MPC5646C Microcontroller Reference Manual, Rev. 5
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Chapter 1 Preface

R| O 1 R | FIELD1 FIELD2 R
FIELD
w w w
Reserved bits Read-only fields Read/write fields
R 0 0 0 R| FIELD
W | FIELD1 FIELD2 W{| wic
Write-only fields “Write 1 to clear” field

(field will always read 0)

Figure 1-1. Register figure conventions

The numbering of register bits and fields on MPC5646C is as follows:

» Register bit numbers, shown at the top of each figure, use the standard Power Architecture bit
ordering (0, 1, 2, ...) where bit 0 is the most significant bit (MSB).

» Multi-bit fields within a register use conventional bit ordering (..., 2, 1, 0) where bit O is the least
significant bit (LSB).

1.5 References
In addition to this reference manual, the following documents provide additional information on the
operation of the MPC5646C:

* |EEE-ISTO 5001-2003 Standard for a Global Embedded Processor Interface (Nexus)

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

e Power Architecture Book E V1.0
(http://www.freescale.com/files/32bit/doc/user _guide/BOOK_EUM.pdf)

1.6 How to use the MPC5646C documents

This section:
» Describes how the MPC5646C documents provide information on the microcontroller
» Makes recommendations on how to use the documents in a system design

1.6.1 The MPC5646C document set

The MPC5646C document set comprises:

» This reference manual (provides information on the features of the logical blocks on the device and
how they are integrated with each other)

» The device data sheet (specifies the electrical characteristics of the device)
* The device product brief

The following reference documents (available online at www.freescale.com) are also available to support
the CPU on this device:
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» Programmer’s Reference Manual for Freescale Embedded Processors
» e200z0 Power Architecture Core Reference Manual
» e200z4 Power Architecture Core Reference Manual
» \Variable-Length Encoding (VLE) Programming Environments Manual

The aforementioned documents describe all of the functional and electrical characteristics of the
MPC5646C microcontroller.

Depending on your task, you may need to refer to multiple documents to make design decisions. However,
in general the use of the documents can be divided up as follows:

» Use the reference manual (this document) during software development and when allocating
functions during system design.

» Use the data sheet when designing hardware and optimizing power consumption.
» Use the CPU reference documents when:

— Configuring CPU memory, branch and cache optimizations

— Doing detailed software development in assembly language

— Debugging complex software interactions

1.6.2 Reference manual content

The content in this document focuses on the functionality of the microcontroller rather than its
performance. Most chapters describe the functionality of a particular on-chip module, such as a CAN
controller or timer. The remaining chapters describe how these modules are integrated into the memory
map, how they are powered and clocked, and the pin-out of the device.

In general, when an individual module is enabled for use all of the detail required to configure and operate
it is contained in the dedicated chapter. In some cases there are multiple implementations of this module,
however, there is only one chapter for each type of module in use. For this reason, the address of registers
in each module is normally provided as an offset from a base address which can be found in Chapter 3,
Memory Map. The benefit of this approach is that software developed for a particular module can be easily
reused on this device and on other related devices that use the same modules.

The steps to enable a module for use varies but typically these require configuration of the integration
features of the microcontroller. The module will normally have to be powered and enabled at system level,
then a clock may have to be explicitly chosen and finally if required the input and output connections to
the external system must be configured.

The primary integration chapters of the reference manual contain most of the information required to
enable the modules. There are special cases where a chapter may describe module functionality and some
integration features for convenience — for example, the microcontroller input/output (SIUL) module.
Integration and functional content is provided in the manual as shown in Table 1-2.

MPC5646C Microcontroller Reference Manual, Rev. 5
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Table 1-2. Reference manual integration and functional content

Chapter Integration content Functional content
Introduction * The main features on chip —
¢ A summary of the functions provided by
each module
Memory Map How the memory map is allocated, —
including:

* Internal RAM

* Flash memory

e External memory-mapped resources
and the location of the registers used by
the peripherals’

Signal Description How the signals from each of the modules | —
are combined and brought to a particular
pin on a package

Boot Assist Module CPU boot sequence from reset
Implementation of the boot options if
internal flash memory is not used

Clock Description Clocking architecture of the device (which | Description of operation of different clock
clock is available for the system and each |sources
peripheral)

eDMA Channel Multiplexer | Source values for module eDMA channels | How to connect a module eDMA channel

to the eDMA module

Interrupt Controller Interrupt vector table Operation of the module

Mode Entry Module Module numbering for control and status | Operation of operating modes

System Integration Unit How input signals are mapped to individual | Operation of GPIO

Lite modules including external interrupt pins

Voltage regulators and Power distribution to the MCU —

power supplies

Wakeup Unit Allocation of inputs to the Wakeup Unit Operation of the wakeup feature

' To find the address of a register in a particular module take the start address of the module given in the memory
map and add the offset for the register given in the module chapter.

1.7  Using the MPC5646C

There are many different approaches to designing a system using the MPC5646C so the guidance in this
section is provided as an example of how the documents can be applied in this task.

Familiarity with the MPC5646C modules can help ensure that its features are being optimally used in a
system design. Therefore, the current chapter is a good starting point. Further information on the detailed
features of a module are provided within the module chapters. These, combined with the current chapter,
should provide a good introduction to the functions available on the MCU.

MPC5646C Microcontroller Reference Manual, Rev. 5
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1.7.1 Hardware design

The MPC5646C requires that certain pins are connected to particular power supplies, system functions and
other voltage levels for operation.

The MPC5646C internal logic operates from 1.2 V (nominal) supplies that are normally supplied by the
on-chip voltage regulator from a5 V or 3.3 V supply. The 3.3-5 V (£10%) supply is also used to supply
the input/output pins on the MCU. Chapter 4, Signal Description, describes the power supply pin names,
numbers and their purpose. For more detail on the voltage supply of each pin, see Chapter 11, Voltage
Regulators and Power Supplies. For specifications of the voltage ranges and limits and decoupling of the
power supplies see the MPC5646C data sheet.

Certain pins have dedicated functions that affect the behavior of the MCU after reset. These include pins
to force test or alternate boot conditions and debug features. These are described in Chapter 4, Signal
Description, and a hardware designer should take care that these pins are connected to allow correct
operation.

Beyond power supply and pins that have special functions there are also pins that have special system
purposes such as oscillator and reset pins. These are also described in Chapter 4, Signal Description. The
reset pin is bidirectional and its function is closely tied to the reset generation module [Chapter 9, Reset
Generation Module (MC_RGM)”]. The crystal oscillator pins are dedicated to this function but the
oscillator is not started automatically after reset. The oscillator module is described in Section 6.3, Fast
external crystal oscillator (FXOSC) digital interface, along with the internal clock architecture and the
other oscillator sources on chip.

1.7.2 Input/output pins

The majority of the pins on the MCU are input/output pins which may either operate as general purpose
pins or be connected to a particular on-chip module. The arrangement allows a function to be available on
several pins. The system designer should allocate the function for the pin before connecting to external
hardware. The software should then choose the correct function to match the hardware. The pad
characteristics can vary depending on the functions on the pad. Chapter 4, Signal Description, describes
each pad type (for example, S, M, or J). Two pads may be able to carry the same function but have different
pad types. The electrical specification of the pads is described in the data sheet dependent on the function
enabled and the pad type.

There are three modules that configure the various functions available:

» System Integration Unit Lite (SIUL)

»  Wakeup Unit (WKPU)

» 32 KHz oscillator (SXOSC)
The SIUL configures the digital pin functions. Each pin has a register (PCR) in the module that allows
selection of the output functions that is connected to the pin. The available settings for the PCR are
described in Section 4.7, Functional ports. Inputs are selected using the PSMI registers; these are described

in Chapter 24, System Integration Unit Lite (SIUL). (PSMI registers connect a module to one of several
pins, whereas the PCR registers connect a pin to one of several modules).

MPC5646C Microcontroller Reference Manual, Rev. 5
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The WKPU provides the ability to cause interrupts and wake the MCU from low power modes and
operates independently from the SIUL.

In addition to digital 1/0 functions, the SXOSC is a ""special function™ that provides a slow external crystal.
The SXOSC is enabled independently from the digital I/0 which means that the digital function on the pin
must be disabled when the SXOSC is active.

The ADC functions are enabled using the PCRs.

1.7.3 Software design

Certain modules provide system integration functions, and other modules (such as timers) provide specific
functions.

From reset, the modules involved in configuring the system for application software are:
* Boot Assist Module (BAM) — determines the selected boot source

* Reset Generation Module (MC_RGM) — determines the behavior of the MCU when various reset
sources are triggered and reports the source of the reset

* Mode Entry Module (MC_ME) — controls which operating mode the MCU is in and configures
the peripherals and clocks and power supplies for each of the modes

» Power Control Unit (MC_PCU) — determines which power domains are active

» Clock Generation Module (MC_CGM) — chooses the clock source for the system and many
peripherals

After reset, the MCU will automatically select the appropriate reset source and begin to execute code. At
this point the system clock is the 16 MHz FIRC oscillator, the CPU is in supervisor mode and all the
memory is available. Initialization is required before most peripherals may be used and before the SRAM
can be read (since the SRAM is protected by ECC, the syndrome will generally be uninitialized after reset
and reads would fail the check). Accessing disabled features causes error conditions or interrupts.

A typical startup routine would involve initializing the software environment including stacks, heaps,
variable initialization and so on and configuring the MCU for the application.

The MMU translates physical memory addresses for use by the CPU and it must be configured before any
peripherals or memories are available for use by the CPU. See the e200z4 Power Architecture Core
Reference Manual for details on how to configure the MMU.

The MC_ME module enables the modules and other features like clocks. It is therefore an essential part
of the initialization and operation software. In general, the software will configure an MC_ME mode to
make certain peripherals, clocks, and memory active and then switch to that mode.

Chapter 6, Clock Description, includes a graphic of the clock architecture of the MCU. This can be used
to determine how to configure the MC_CGM module. In general software will configure the module to
enable the required clocks and PLLs and route these to the active modules.

After these steps are complete it is possible to configure the input/output pins and the modules for the
application.
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1.7.4 Other features

The MC_ME module manages low power modes and so it is likely that it will be used to switch into
different configurations (module sets, clocks) depending on the application requirements.

The MCU includes two other features to improve the integrity of the application:
» ltis possible to enable a software watchdog (SWT) immediately at reset or afterwards to help
detect code runaway.

» Individual register settings can be protected from unintended writes using the features of the
Register Protection module. The protected registers are shown in Chapter 36, Register Protection

Other integration functionality is provided by the System Status and Configuration Module (SSCM).

MPC5646C Microcontroller Reference Manual, Rev. 5
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Chapter 2
Introduction

2.1 The MPC5646C microcontroller family

The MPC5646C is a family of Power Architecture® based microcontrollers that target automotive vehicle
body and gateway applications such as:

» Central body controller

* Smart junction boxes

* Front modules

* High end gateway

e Combined body controller and gateway
The MPC5646C family expands the range of the MPC560xB microcontroller family. It provides the
scalability needed to implement platform approaches and delivers the performance required by
increasingly sophisticated software architectures. The advanced and cost-efficient host processor cores of
the MPC5646C automotive controller family comply with the Power Architecture embedded category,
which is 100 percent user-mode compatible with the original Power Architecture user instruction set
architecture (UISA). It operates at speeds of up to 120 MHz and offers high performance processing
optimized for low power consumption. It also capitalizes on the nominal available development

infrastructure of current Power Architecture devices and is supported with software drivers, operating
systems and configuration code to assist with users implementations.

22 MPC5646C device comparison

Table 2-1 summarizes the MPC5646C family of microcontrollers.
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Table 2-1. MPC5646C family comparison’

Feature MPC5644B MPC5644C MPC5645B MPC5645C MPC5646B MPC5646C
Package 176 | 208 | 176 | 208 | 256 | 176 | 208 | 176 | 208 | 256 | 176 | 208 | 176 | 208 | 256
LQFP | LQFP | LQFP | LQFP | BGA | LQFP | LQFP | LQFP | LQFP | BGA |LQFP | LQFP | LQFP | LQFP | BGA
CPU €200z4d €200z4d + €200z0h e200z4d €200z4d + €200z0h €200z4d €200z4d + €200z0h
Execution speed2 Up to Up to 120 MHz Up to Up to 120 MHz Up to Up to 120 MHz
120 MHz (e200z4d) 120 MHz (e200z4d) 120 MHz (e200z4d)
(e200z4d) Up to 80 MHz (e200z4d) Up to 80 MHz (e200z4d) Up to 80 MHz
(e20020h)3 (e20020h)3 (e20020h)3
Code flash memory 1.5 MB 2 MB 3 MB
Data flash memory 4 x16 KB
SRAM 128 KB 192 KB 160 KB 256 KB 192 KB 256 KB
MPU 16-entry
eDMA* 32ch
10-bit ADC
dedicated®® | 57 o1 | 33.ch | 27 ch 33 ch 27¢ch | 33¢ch | 27 ¢ch 33 ch 27¢h | 33¢ch | 27 ch 33 ch
shared with
12-bit ADC’ 19 ch
12-bit ADC
dedicated®| 5 oy | 10ch | 5ch 10¢ch 5ch |10ch | 5¢h 10 ch 5ch |10ch | 5ch 10 ¢ch
shared with
10-bit ADC” 19 ch
CTU 64 ch
Total timer 1/0° eMIOS 64 ch, 16-bit
SCI (LINFlexD) 10
SPI (DSPI) 8
CAN (FlexCAN)'0 6
FlexRay Yes
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Table 2-1. MPC5646C family comparison1 (continued)

Engine (CSE)

Feature MPC5644B MPC5644C MPC5645B MPC5645C MPC5646B MPC5646C

Package 176 | 208 | 176 | 208 | 256 | 176 | 208 | 176 | 208 | 256 | 176 | 208 | 176 | 208 | 256
LQFP | LQFP | LQFP | LQFP | BGA | LQFP | LQFP | LQFP | LQFP | BGA | LQFP | LQFP | LQFP | LQFP | BGA

sTcu Yes

Ethernet No Yes No Yes No Yes

1>C 1

32 kHz oscillator Yes

(SXOSC)

GPIO"? 147 | 177 | 147 | 177 | 199 | 147 | 177 | 147 | 177 | 199 | 147 | 177 | 147 | 177 | 199

Debug JTAG Nexus JTAG Nexus JTAG Nexus

3+ 3+ 3+
Cryptographic Services Optional

Feature set dependent on selected peripheral multiplexing; table shows example.
Based on 125 °C ambient operating temperature and subject to full device characterisation.

3 The €200z0h can run at speeds up to 80 MHz. However, if system frequency is >80 MHz (e.g., €200z4d running at 120 MHz) the e200z0h needs
to run at 1/2 system frequency. There is a configurable €200z0 system clock divider for this purpose.

DMAMUX also included that allows for software selection of 32 out of a possible 57 sources.
Not shared with 12-bit ADC, but possibly shared with other alternate functions.

6 There are 23 dedicated ANS plus 4 dedicated ANX channels on LQPF176. For higher pin count packages, there are 29 dedicated ANS plus 4

dedicated ANX channels.

7 16x precision channels (ANP) and 3x standard (ANS).
8 Not shared with 10-bit ADC, but possibly shared with other alternate functions.

As a minimum, all timer channels can function as PWM or Input Capture and Output Control. Refer to the eMIOS section of the device reference
manual for information on the channel configuration and functions.

10 CAN Sampler also included that allows ID of CAN message to be captured when in low power mode.
1 STCU controls MBIST activation and reporting.
12 Estimated 1/O count for proposed packages based on multiplexing with peripherals.

2.3 Device block diagram
Figure 2-1 shows a top-level block diagram of the MPC5646C.
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Legend: ADC Analog-to-Digital Converter JTAGC JTAG controller
BAM Boot Assist Module LINFlexD Local Interconnect Network Flexible with DMA support
CSE Cryptographic Services Engine MC_ME  Mode Entry Module
CAN Controller Area Network (FlexCAN) MC_CGM Clock Generation Module
CMU Clock Monitor Unit MC_PCU Power Control Unit
CTU Cross Triggering Unit MC_RGM Reset Generation Module
DMAMUX DMA Channel Multiplexer MPU Memory Protection Unit
DSPI Deserial Serial Peripheral Interface Nexus Nexus Development Interface
eDMA enhanced Direct Memory Access NMI Non-Maskable Interrupt
FlexCAN Controller Area Network controller modules PIT_RTI  Periodic Interrupt Timer with Real-Time Interrupt
FEC Fast Ethenet Controller RTC/API  Real-Time Clock/ Autonomous Periodic Interrupt
eMIOS Enhanced Modular Input Output System SIUL System Integration Unit Lite
ECSM Error Correction Status Module SRAM Static Random-Access Memory
FMPLL Frequency-Modulated Phase-Locked Loop SSCM System Status Configuration Module
FlexRay  FlexRay Communication Controller STM System Timer Module
12C Inter-integrated Circuit Bus SWT Software Watchdog Timer
IMUX Internal Multiplexer STCU Self Test Control Unit
INTC Interrupt Controller WKPU Wakeup Unit
Notes: 1) 10 dedicated channels plus up to 19 shared channels. See the device-comparison table.

2) Package dependent. 27 or 33 dedicated channels plus up to 19 shared channels. See the device-comparison table.
3) 16 x precision channels (ANP) are mapped on input only 1/O cells.

Figure 2-1. MPC5646C block diagram
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2.4 Feature summary

2.4.1 High-performance e200z4d core processor

The €200z4d core includes the following features:
* Dual issue, 32-bit Power Architecture 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 target prefetching using 8-entry BTB

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

» Load/store unit
— 2 cycle load latency
— Fully pipelined
— Big- and little-endian support
— Misaligned access support
» 64-bit General Purpose Register file
» Dual AHB 2.v6 64-bit system buses

* Memory Management Unit (MMU) with 16-entry fully-associative translation lookaside buffer
(TLB) and multiple page size support

» 4 KB, 2/4-way set associative instruction cache

» Embedded Floating-Point APU (EFPU) supporting scalar single-precision floating-point
operations

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

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

* Nexus Class 3+ real-time development unit
* Power management
— Low power design—extensive clock gating
— Power saving modes: nap, sleep, wait
— Dynamic power management of execution units, cache and MMU

MPC5646C Microcontroller Reference Manual, Rev. 5
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2.4.2

€200z0h core processor

The €200z0h core includes the following features:

2.4.3

2.4.4

High performance, low-cost e200z0h core processor for managing peripherals and interrupts
Single issue 4-stage pipelined in-order execution, 32-bit Power Architecture CPU
Variable length encoding (VLE), allowing mixed 16-bit and 32-bit instructions
— Results in efficient code size footprint

— Minimizes impact on performance

Branch processing acceleration using lookahead instruction buffer

Load/store unit

— 1-cycle load latency

— Misaligned access support

— No load-to-use pipeline bubbles

32-bit general purpose registers (GPRS)

Separate instruction bus and load/store bus Harvard architecture

Hardware vectored interrupt support

Reservation instructions for implementing read-modify-write constructs

Multi-cycle divide word (divw) and load multiple word (Imw) store multiple word (smw) multiple
class instructions, can be interrupted to prevent increases in interrupt latency

Extensive system development support through Nexus 3 debug port

Memory Built-In Self Test (MBIST)

User selectable MBIST that can be enabled to run out of various reset conditions. User MBIST can
also be disabled.

Configurable fault response (Critical fault and non-critical fault)

Enhanced Direct Memory Access Controller (eDMA)

The following summarizes the MPC5646C implementation of the eDMA controller:

32 channels support independent 8, 16 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, periodic timer interrupt or eDMA channel request

Peripheral DMA request sources possible from DSPI’s, 1°C, 10-bit ADC, 12-bit ADC, eMIOS,
GPI10s and LINFlexD.

Each eDMA channel can optionally send an interrupt request to the CPU on completion of a single
value or block transfer
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» DMA transfers is possible between system memories and all accessible memory mapped locations
including peripheral and registers.

* Programmable DMA Channel Mux allows assignment of any DMA source to any available DMA
channel with up to a total of 64 potential request sources.

245 Error Correction Status Module (ECSM)

The ECSM on this device manages the ECC configuration and reporting for the platform memories (flash
memory and SRAM). It does not implement the actual ECC calculation. The following errors and
indications are reported into the ECSM dedicated registers:

» ECC error status and configuration for flash memory and SRAM
» ECC error reporting for flash memory

e ECC error reporting for SRAM

e ECC error injection for SRAM

2.4.6 Crossbar Switch (XBAR)

The following summarizes the MPC5646C’s implementation of the crossbar switch:
» Eight master ports

— Masters: e200z0h and €200z4d instruction buses, e200z0h and e200z4d data buses, eDMA,
FlexRay, Ethernet and CSE

» Multiple bus slaves to enable access to flash memory, SRAM, PBridge
» Fully concurrent transfers between independent master and slave port
» Fixed priority and round robin arbitration independently programmable for each slave

24.7 Memory Protection Unit (MPU)

The following list summarizes the MPU features:
» 16 region descriptors for per-master protection
» Start and end address defined with 32-byte granularity
» Overlapping regions supported
* Protection attributes can optionally include process ID
» Protection offered for 5 concurrent read ports
» Read and write attributes for all masters
» Execute and supervisor/user mode attributes for processor masters

2.4.8 Interrupt Controller (INTC)

The MPC5646C implements an interrupt controller that features the following:
* Unique 9-bit vector for each of the 246 separate interrupt sources
» Dual core interrupt controller
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2.4.9

— Each interrupt can be targeted to €200z4d, e200z0h or both

8 software triggerable interrupt sources

16 priority levels with fixed hardware arbitration within priority levels for each interrupt source
Ability to modify the ISR or task priority.

— Maodifying the priority can be used to implement the Priority Ceiling Protocol for accessing
shared resources.

External high priority interrupts directly accessing the e200z0h core and e200z4d core critical
interrupt mechanism

System clocks and clock generation

The following list summarizes the system clock and clock generation on the MPC5646C:

System clock can be derived from the following sources

— External crystal oscillator (4-40 MHz)

— FMPLL

— 16 MHz internal RC oscillator

Programmable divider for output clock

Separate programmable peripheral bus clock dividers for each peripheral domain
Frequency Modulated Phase-Locked Loop (FMPLL)

— Input clock frequency from 4 MHz to 40 MHz

— Selectable clock source from external oscillator or internal 16 MHz RC oscillator
— Lock detect circuitry continuously monitors lock status

— Loss of clock (LOC) detection for reference and feedback clocks

— On-chip loop filter (for improved electromagnetic interference performance and reduces
number of external components required)

— Auxiliary output that can be used to clock FlexRay

— Progressive clock switching to reduce current surge at FMPLL startup

On