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Preface

Overview

The primary objective of this document is to define the functionality of the Qorivva MPC5643L
microcontroller for use by software and hardware developers. The MPC5643L is built on

Power Architecture® technology and integrates technologies that are important for today’s electric power
steering, chassis, and safety applications that require a high safety integrity level.

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/.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the MPC5643L 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.

Information about different device versions (“cuts”)

The MPC5643L device is available in three silicon versions, or “cuts”. These are referred to as “cutl”
,“cut2” and “cut3” throughout this document. Functional differences between the cuts are clearly identified
with the labels “cutl” ,“cut2” and “cut3”. The mask identification corresponding to each cut is listed here
for reference:

e Mask OM78X - Cut 1.0
* Mask ON28C - Cut 2.0
e Mask ON89D - Cut 3.0
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* Mask 2N89D - Cut 3.1

All cut2 functionalities are applicable for cut3 except for the following :
* BAM code (cut2 uses ROM and Shadow Flash, cut3 ROM only)
« Chip ID's (MINOR_MASK_ID, JTAG_ID)
* POR and LVD flag behavioral

Acronyms and abbreviations

The following table lists some acronyms and abbreviations used in this document.

Term Meaning
AUTOSAR | Automotive Open System Architecture
GPIO General-purpose 1/0
IEEE Institute for Electrical and Electronics Engineers
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
Mux Multiplex
Rx Receive
SAG Safety Application Guide
TBD To be determined
Tx Transmit
UART Universal asynchronous receiver transmitter
References

In addition to this reference manual, the following documents provide additional information on the
operation of the MPC5643L.:

* |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
* Power Architecture Book E V1.0

(http://www.freescale.com/files/32bit/doc/user_guide/BOOK_EUM.pdf)
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Chapter 1 Introduction

Chapter 1
Introduction

1.1 The MPC5643L microcontroller

The Qorivva MPC5643L microcontroller is based on the Power Architecture® and targets the electric
power steering, chassis, and safety applications that require a high safety integrity level. The MPC5643L
is a SafeAssure solution.

All MPC5643L devices are built around a dual-core safety platform with an innovative safety concept
targeting 15026262 ASILD!. To minimize additional software and module level features to reach this
target, on-chip redundancy is provided for the critical components of the microcontroller (CPU core,
eDMA controller, interrupt controller, crossbar bus system, memory protection unit, flash-memory
controller and SRAM controllers, peripheral bus bridge, system timers, and watchdog timer). Lock step
Redundancy Checking Units are implemented at each output of this Sphere of Replication (SoR). ECC is
available for on-chip SRAM and flash memories. A programmable fault collection and control unit
monitors the integrity status of the device and provides flexible safe state control.

The device’s host processor core is a member of the e200z4 Power Architecture® compatible core family.
The device’s 5-stage pipeline dual issue core provides a high efficiency allowing high performance with
minimum power dissipation.

The peripheral set is compatible with the MPC5604P device family and provides high-end electrical motor
control capability with very low CPU intervention due to the on-chip cross-triggering unit.

The MPC5643L is developed with high-performance 90-nm embedded flash-memory technology that
provides substantial cost reduction per feature and significant performance improvement.

1.2 MPC5643L device summary

Table 1-1 summarizes the MPC5643L microcontroller.

1.All statements on functional safety in this chapter are under the condition that the requirements given in the Safety
Application Guide are followed.
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Table 1-1. MPC5643L device summary

Feature MPC5643L
CPU Type 2 x e200z4
(in lock-step or decoupled operation)
Architecture Harvard
Execution speed 0-120 MHz (+2% FM)
DMIPS intrinsic performance >240 MIPS
SIMD (DSP + FPU) Yes
MMU 16 entry
Instruction set PPC Yes
Instruction set VLE Yes
Instruction cache 4 KB, EDC
MPU-16 regions Yes, replicated module
Semaphore unit (SEMA4) Yes
Buses Core bus AHB, 32-bit address, 64-bit data
Internal periphery bus 32-bit address, 32-bit data
Crossbar Master x slave ports Lock Step Mode: 4 x 3
Decoupled Parallel Mode: 6 x 3
Memory Flash 1 MB, ECC, RWW
Static RAM (SRAM) 128 KB, ECC
Modules Interrupt Controller (INTC) 16 interrupt levels, replicated module

Periodic Interrupt Timer (PIT)

1 x 4 channels

System Timer Module (STM)

1 x 4 channels, replicated module

Software Watchdog Timer (SWT)

Yes, replicated module

eDMA 16 channels, replicated module
FlexRay 1 x 64 message buffers, dual channel
FlexCAN 2 x 32 message buffers
LINFlexD (UART and LIN with DMA support) 2

Clock out Yes

Fault Collection and Control Unit (FCCU) Yes

Cross Triggering Unit (CTU) Yes

eTimer

3 x 6 channels®

FlexPWM

2 Module 4 x (2 + 1) channels?

Analog-to-Digital Converter (ADC)

2 x 12-bit ADC, 16 channels per ADC
(3 internal, 4 shared and 9 external)

Sine Wave Generator (SWG)

32 point
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Chapter 1 Introduction

Table 1-1. MPC5643L device summary (continued)

Feature MPC5643L
Modules Deserial Serial Peripheral Interface (DSPI) 3 x DSPI
(cont.) as many as 8 chip selects
Cyclic Redundancy Checker (CRC) unit Yes
Junction temperature sensor (TSENS) Yes, replicated module
Digital I/Os >16
Supply Device power supply 3.3 Vwith integrated bypassable ballast transistor
External ballast transistor not needed for bare die
Analog reference voltage 30V-36Vand45V-55V
Clocking Frequency-modulated phase-locked loop (FMPLL) 2
Internal RC oscillator 16 MHz
External crystal oscillator 4 — 40 MHz
Debug Nexus Level 3+
Packages LQFP 144 pins
MAPBGA 257 MAPBGA
Temperature | Temperature range (junction) -40t0 150 °C
Ambient temperature range using external ballast -40t0 125 °C
transistor (LQFP)
Ambient temperature range using external ballast -40t0 125 °C
transistor (BGA)

! The third eTimer (eTimer_2) is available with external I/O access only in the BGA package, on the LQFP package
eTimer_2 is available internally only without any external I/O access.

2 The second FlexPWM module is available only in the BGA package.

1.3

Device block diagram

Figure 1-1 shows a top-level block diagram of the MPC5643L.
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ADC — Analog-to-Digital Converter LINFlexD - LIN controller with DMA support
BAM — Boot Assist Module MC — Mode Entry, Clock, Reset, & Power
CMuU — Clock Monitoring Unit PBRIDGE - Peripheral bridge
CRC — Cyclic Redundancy Check unit PIT — Periodic Interrupt Timer
CTU — Cross Triggering Unit PMU — Power Management Unit
DSPI — Serial Peripherals Interface RC — Redundancy Checker
ECC — Error Correction Code RTC — Real Time Clock
ECSM — Error Correction Status Module SEMA4 - Semaphore Unit
eDMA — Enhanced Direct Memory Access controller SIUL — System Integration Unit Lite
FCCU — Fault Collection and Control Unit SSCM — System Status and Configuration Module
FlexCAN - Controller Area Network controller STM — System Timer Module
FMPLL - Frequency Modulated Phase Locked Loop SWG — Sine Wave Generator
INTC — Interrupt Controller SWT — Software Watchdog Timer
IRCOSC - Internal RC Oscillator TSENS  — Temperature Sensor
JTAG — Joint Test Action Group interface X0SsC — Crystal Oscillator

Figure 1-1. MPC5643L block diagram

14 Feature summary
» High-performance e200z4d dual core
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Chapter 1 Introduction

— 32-bit Power Architecture® technology CPU
— Core frequency as high as 120 MHz
— Dual issue five-stage pipeline core
— Variable Length Encoding (VLE)
— Memory Management Unit (MMU)
— 4 KB instruction cache with error detection code
— Signal processing engine (SPE)
* Memory available
— 1 MB flash memory with ECC
— 128 KB on-chip SRAM with ECC
— Built-in RWW capabilities for EEPROM emulation
» SIL3/ASILD innovative safety concept: LockStep mode and Fail-safe protection
— Sphere of replication (SoR) for key components (such as CPU core, eDMA, crossbar switch)
— Fault collection and control unit (FCCU)
— Redundancy control and checker unit (RCCU) on outputs of the SoR connected to FCCU
— Boot-time Built-In Self-Test for Memory (MBIST) and Logic (LBIST) triggered by hardware
— Boot-time Built-In Self-Test for ADC and flash memory triggered by software
— Replicated safety enhanced watchdog
— Replicated junction temperature sensor
— Non-maskable interrupt (NMI)
— 16-region memory protection unit (MPU)
— Clock monitoring units (CMU)
— Power management unit (PMU)
— Cyclic redundancy check (CRC) unit
» Decoupled Parallel mode for high-performance use of replicated cores
* Nexus Class 3+ interface
* Interrupts
— Replicated 16-priority controller
— Replicated 16-channel eDMA controller
* GPIOs individually programmable as input, output or special function
» Three 6-channel general-purpose eTimer units
* 2 FlexPWM units
— Four 16-bit channels per module
» Communications interfaces
— 2 LINFlexD channels
— 3 DSPI channels with automatic chip select generation
— 2 FlexCAN interfaces (2.0B Active) with 32 message objects
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1.5

1.5.1

— FlexRay module (V2.1 Rev. A) with 2 channels, 64 message buffers and data rates up to 10
Mbit/s

Two 12-bit analog-to-digital converters (ADCs)
— 16 input channels

— Programmable cross triggering unit (CTU) to synchronize ADCs conversion with timer and
PWM

Sine wave generator (D/A with low pass filter)
On-chip CAN/UART bootstrap loader

Single 3.0 V to 3.6 V voltage supply

Ambient temperature range —40 °C to 125 °C
Junction temperature range —40 °C to 150 °C

Feature details

High-performance e200z4d core

The 200z4d Power Architecture® core provides the following features:

2 independent execution units, both supporting fixed-point and floating-point operations
Dual issue 32-bit Power Architecture technology compliant

— b-stage pipeline (IF, DEC, EX1, EX2, WB)

— In-order execution and instruction retirement

Full support for Power Architecture instruction set and Variable Length Encoding (VLE)
— Mix of classic 32-bit and 16-bit instruction allowed

— Optimization of code size possible

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

Harvard bus (32-bit address, 64-bit data)

— |-Bus interface capable of one outstanding transaction plus one piped with no wait-on-data
return

— D-Bus interface capable of two transactions outstanding to fill AHB pipe
I-cache and I-cache controller

— 4 KB, 256-bit cache line (programmable for 2- or 4-way)

No data cache

16-entry MMU

8-entry branch table buffer

Branch look-ahead instruction buffer to accelerate branching

Dedicated branch address calculator

3 cycles worst case for missed branch

Load/store unit
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— Fully pipelined
— Single-cycle load latency
— Big- and little-endian modes supported
— Misaligned access support
— Single stall cycle on load to use
» Single-cycle throughput (2-cycle latency) integer 32 x 32 multiplication
* 4 -14 cycles integer 32 x 32 division (average division on various benchmark of nine cycles)
» Single precision floating-point unit
— 1 cycle throughput (2-cycle latency) floating-point 32 x 32 multiplication
— Target 9 cycles (worst case acceptable is 12 cycles) throughput floating-point 32 x 32 division
— Special square root and min/max function implemented
» Signal processing support: APU-SPE 1.1
— Support for vectorized mode: as many as two floating-point instructions per clock
» \ectored interrupt support
* Reservation instruction to support read-modify-write constructs
» Extensive system development and tracing support via Nexus debug port

1.5.2 Crossbar switch (XBAR)

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

The crossbar allows four concurrent transactions to occur from any master port to any slave port, although
one of those transfers must be an instruction fetch from internal flash memory. 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.

The crossbar provides the following features:

» 4 masters and 3 slaves supported per each replicated crossbar

— Masters allocation for each crossbar: e200z4d core with two independent bus interface units
(BIU) for I and D access (2 masters), one eDMA, one FlexRay

— Slaves allocation for each crossbar: a redundant flash-memory controller with 2 slave ports to
guarantee maximum flexibility to handle Instruction and Data array, one redundant SRAM
controller with 1 slave port each and 1 redundant peripheral bus bridge

» 32-bit address bus and 64-bit data bus
» Programmable arbitration priority

— Requesting masters can be treated with equal priority and are granted access to a slave port in
round-robin method, based upon the ID of the last master to be granted access or a priority
order can be assigned by software at application run time

» Temporary dynamic priority elevation of masters
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The XBAR is replicated for each processing channel.

1.5.3 Memory Protection Unit (MPU)

The Memory Protection Unit splits the physical memory into 16 different regions. Each master (€DMA,
FlexRay, CPU) can be assigned different access rights to each region.

» 16-region MPU with concurrent checks against each master access
» 32-byte granularity for protected address region

The memory protection unit is replicated for each processing channel.

1.54 Enhanced Direct Memory Access (eDMA)

The enhanced direct memory access (eDMA) controller is a second-generation module capable of
performing complex data movements via 16 programmable channels, with minimal intervention from the
host processor. The hardware microarchitecture 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 used
to minimize the overall block size.
The eDMA module provides the following features:

» 16 channels supporting 8-, 16-, and 32-bit value single or block transfers

» Support variable sized queues and circular buffered queue

» Source and destination address registers independently configured to post-increment or stay
constant

e Support major and minor loop offset

e Support minor and major loop done signals

* DMA task initiated either by hardware requestor or by software

» Each DMA task can optionally generate an interrupt at completion and retirement of the task
» Signal to indicate closure of last minor loop

» Transfer control descriptors mapped inside the SRAM

The eDMA controller is replicated for each processing channel.

1.5.5 On-chip flash memory with ECC

This device includes programmable, non-volatile flash memory. The non-volatile memory (NVM) can be
used for instruction storage or data storage, or both. The flash memory module interfaces with the system
bus through a dedicated flash memory array controller. 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 four 128-bit prefetch
buffers. Prefetch buffer hits allow no-wait responses. Buffer misses incur a 3 wait state response at

120 MHz.
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The flash memory module provides the following features

1.5.6

1 MB of flash memory in unique multi-partitioned hard macro

Sectorization: 16 KB +2 x 48 KB + 16 KB + 2 x 64 KB + 2 x 128 KB + 2 x 256 KB
EEPROM emulation (in software) within same module but on different partition

16 KB test sector and 16 KB shadow block for test, censorship device and user option bits
Wait states:

— 3 wait states for frequencies =< 120 MHz

— 2 wait states for frequencies =< 80 MHz

— 1 wait state for frequencies =< 60 MHz

Flash memory line 128-bit wide with 8-bit ECC on 64-bit word (total 144 bits)
Accessed via a 64-bit wide bus for write and a 128-bit wide array for read operations
1-bit error correction, 2-bit error detection

On-chip SRAM with ECC

The MPC5643L SRAM provides a general-purpose single port memory.

ECC handling is done on a 32-bit boundary for data and it is extended to the address to have the highest
possible diagnostic coverage including the array internal address decoder.

The SRAM module provides the following features:

1.5.7

System SRAM: 128 KB

ECC on 32-bit word (syndrome of 7 bits)
— ECC covers SRAM bus address

1-bit error correction, 2-bit error detection
Wait states:

— 1 wait state for frequencies =< 120 MHz
— 0 wait states for frequencies =< 80 MHz

Platform flash memory controller

The following list summarizes the key features of the flash memory controller:

Single AHB port interface supports a 64-bit data bus. All AHB aligned and unaligned reads within
the 32-bit container are supported. Only aligned word writes are supported.

Array interfaces support a 128-bit read data bus and a 64-bit write data bus for each bank.
Code flash (bankO0) interface provides configurable read buffering and page prefetch support.

— Four page-read buffers (each 128 bits wide) and a prefetch controller support speculative
reading and optimized flash access.

Single-cycle read responses (0 AHB data-phase wait states) for hits in the buffers. The buffers
implement a least-recently-used replacement algorithm to maximize performance.
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» Programmable response for read-while-write sequences including support for stall-while-write,
optional stall notification interrupt, optional flash operation abort , and optional abort notification
interrupt.

» Separate and independent configurable access timing (on a per bank basis) to support use across a
wide range of platforms and frequencies.

» Support of address-based read access timing for emulation of other memory types.
» Support for reporting of single- and multi-bit error events.
» Typical operating configuration loaded into programming model by system reset.

The platform flash controller is replicated for each processor.

1.5.8 Platform Static RAM Controller (SRAMC)

The SRAMC module is the platform SRAM array controller, with integrated error detection and
correction.

The main features of the SRAMC provide connectivity for the following interfaces:
» XBAR Slave Port (64-bit data path)
 ECSM (ECC Error Reporting, error injection and configuration)
*  SRAM array

The following functions are implemented:
» ECC encoding (32-bit boundary for data and complete address bus)

e ECC decoding (32-bit boundary and entire address)
» Address translation from the AHB protocol on the XBAR to the SRAM array

The platform SRAM controller is replicated for each processor.

1.5.9 Memory subsystem access time

Every memory access the CPU performs requires at least one system clock cycle for the data phase of the
access. Slower memories or peripherals may require additional data phase wait states. Additional data
phase wait states may also occur if the slave being accessed is not parked on the requesting master in the
crosshar.

Table 1-2 shows the number of additional data phase wait states required for a range of memory accesses.

Table 1-2. Platform memory access time summary

AHB transfer Dat_a phase Description
wait states
€200z4d instruction fetch 0 Flash memory prefetch buffer hit (page hit)
€200z4d instruction fetch 3 Flash memory prefetch buffer miss
(based on 4-cycle random flash array access time)
€200z4d data read 0-1 SRAM read
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Table 1-2. Platform memory access time summary (continued)

AHB transfer Dat_a phase Description
wait states
€200z4d data write 0 SRAM 32-bit write
€200z4d data write 0 SRAM 64-bit write (executed as 2 x 32-bit writes)
€200z4d data write 0-2 SRAM 8-,16-bit write
(Read-modify-Write for ECC)
€200z4d flash memory read 0 Flash memory prefetch buffer hit (page hit)
€200z4d flash memory read 3 Flash memory prefetch buffer miss (at 120 MHz; includes 1 cycle
of program flash memory controller arbitration)

1.5.10 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. A detected error (double error for
flash memory or SRAM) is also reported to the FCCU. 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

» ECC error reporting for SRAM

e ECC error injection for SRAM

1.5.11 Peripheral bridge (PBRIDGE)

The PBRIDGE implements the following features:
* Duplicated periphery
» Master access privilege level per peripheral (per master: read access enable; write access enable)
» Checker applied on PBRIDGE output toward periphery
» Byte endianess swap capability

1.5.12 Interrupt Controller (INTC)

The INTC provides priority-based preemptive scheduling of interrupt requests, suitable for statically
scheduled hard real-time systems.

For high-priority interrupt requests, the time from the assertion of the interrupt request from the peripheral
to when the processor is executing the interrupt service routine (ISR) has been minimized. The INTC
provides a unique vector for each interrupt request source for quick determination of which ISR needs to
be executed. It also provides an ample number of priorities so that lower priority ISRs do not delay the
execution of higher priority ISRs. To allow the appropriate priorities for each source of interrupt request,
the priority of each interrupt request is software configurable.
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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.
The INTC provides the following features:
* Duplicated periphery
» Unique 9-bit vector per interrupt source
» 16 priority levels with fixed hardware arbitration within priority levels for each interrupt source
» Priority elevation for shared resource

The INTC is replicated for each processor.

1.5.13 System clocks and clock generation

The following list summarizes the system clock and clock generation on this device:
» Lock status continuously monitored by lock detect circuitry
» Loss-of-clock (LOC) detection for reference and feedback clocks

*  On-chip loop filter (for improved electromagnetic interference performance and fewer external
components required)

* Programmable output clock divider of system clock (=1, +2, +4, +8)

* FlexPWM module and as many as three eTimer modules running on an auxiliary clock
independent from system clock (with max frequency 120 MHz)

*  On-chip crystal oscillator with automatic level control
» Dedicated internal 16 MHz internal RC oscillator for rapid start-up

— Supports automated frequency trimming by hardware during device startup and by user
application
» Auxiliary clock domain for motor control periphery (FlexPWM, eTimer, CTU, ADC, and SWG)

1.5.14 Frequency-Modulated Phase-Locked Loop (FMPLL)
Each device has two FMPLLs.

Each FMPLL allows the user to generate high speed system clocks starting from a minimum reference of
4 MHz input clock. Further, the FMPLL supports programmable frequency modulation of the system
clock. The FMPLL multiplication factor, output clock divider ratio are all software configurable. The
FMPLLs have the following major features:

* Input frequency: 4-40 MHz continuous range (limited by the crystal oscillator)

» \oltage controlled oscillator (VCO) range: 256-512 MHz

* Frequency modulation via software control to reduce and control emission peaks
— Modulation depth +2% if centered or 0% to —4% if downshifted via software control register
— Modulation frequency: triangular modulation with 25 kHz nominal rate

» Option to switch modulation on and off via software interface
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e Output divider (ODF) for reduced frequency operation without re-lock
» 3 modes of operation
— Bypass mode
— Normal FMPLL mode with crystal reference (default)
— Normal FMPLL mode with external reference
» Lock monitor circuitry with lock status
» Loss-of-lock detection for reference and feedback clocks
» Self-clocked mode (SCM) operation
*  On-chip loop filter
* Auxiliary FMPLL
— Used for FlexRay due to precise symbol rate requirement by the protocol

— Used for motor control periphery and connected IP (A/D digital interface CTU) to allow
independent frequencies of operation for PWM and timers and jitter-free control

— Option to enable/disable modulation to avoid protocol violation on jitter and/or potential
unadjusted error in electric motor control loop

— Allows to run motor control periphery at different (precisely lower, equal or higher as required)
frequency than the system to ensure higher resolution

1.5.15 Main oscillator

The main oscillator provides these features:
* Input frequency range 4-40 MHz
e Crystal input mode
» External reference clock (3.3 V) input mode
* FMPLL reference

1.5.16 Internal Reference Clock (RC) oscillator

The architecture uses constant current charging of a capacitor. The voltage at the capacitor is compared to
the stable bandgap reference voltage. The RC oscillator is the device safe clock.
The RC oscillator provides these features:

» Nominal frequency 16 MHz

» 5% variation over voltage and temperature after process trim

» Clock output of the RC oscillator serves as system clock source in case loss of lock or loss of clock
is detected by the FMPLL

* RC oscillator is used as the default system clock during startup and can be used as back-up input
source of FMPLL(s) in case XOSC fails
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1.5.17 Clock, reset, power, mode and test control modules (MC_CGM,
MC_RGM, MC_PCU, and MC_ME)

These modules provide the following:
» Clock gating and clock distribution control
» Halt, stop mode control
» Flexible configurable system and auxiliary clock dividers
* \arious execution modes
— HALT and STOP mode as reduced activity low power mode
— Reset, Idle, Test, Safe
— Various RUN modes with software selectable powered modules
— No stand-by mode implemented (no internal switchable power domains)

1.5.18 Periodic Interrupt Timer Module (PIT)

The PIT module implements the following features:
» 4 general purpose interrupt timers
»  32-bit counter resolution
» Can be used for software tick or DMA trigger operation

1.5.19 System Timer Module (STM)

The STM implements the following features:
» Up-counter with 4 output compare registers
» OS task protection and hardware tick implementation per AUTOSAR!? requirement

The STM is replicated for each processor.

1.5.20 Software Watchdog Timer (SWT)

This module implements the following features:

» Fault tolerant output

» Safe internal RC oscillator as reference clock

* Windowed watchdog

* Program flow control monitor with 16-bit pseudorandom key generation
» Allows a high level of safety (SIL3 monitor)

The SWT module is replicated for each processor.

1.Automotive Open System Architecture
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1.5.21 Fault Collection and Control Unit (FCCU)

The FCCU module has the following features:
* Redundant collection of hardware checker results
* Redundant collection of error information and latch of faults from critical modules on the device
e Collection of self-test results
» Configurable and graded fault control
— Internal reactions (no internal reaction, IRQ, Functional Reset, Destructive Reset, or Safe mode
entered)
— External reaction (failure is reported to the external/surrounding system via configurable
output pins)

1.5.22 System Integration Unit Lite (SIUL)

The SIUL controls MCU reset configuration, pad configuration, external interrupt, general purpose 1/0
(GP10), internal peripheral multiplexing, and system reset operation. The reset configuration block
contains the external pin boot configuration logic. The pad configuration block controls the static electrical
characteristics of 1/0 pins. The GPIO block provides uniform and discrete input/output control of the 1/0

pins of the MCU.
The SIU provides the following features:
» Centralized pad control on a per-pin basis
— Pin function selection
— Configurable weak pull-up/down
— Configurable slew rate control (slow/medium/fast)
— Hysteresis on GPIO pins
— Configurable automatic safe mode pad control
* Input filtering for external interrupts

1.5.23 Non-Maskable Interrupt (NMI)

The non-maskable interrupt with de-glitching filter supports high-priority core exceptions.

1.5.24 Boot Assist Module (BAM)

The BAM is a block of read-only memory with hard-coded content. The BAM program is executed only
if serial booting mode is selected via boot configuration pins.
The BAM provides the following features:

» Enables booting via serial mode (FlexCAN or LINFlex-UART)

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

» Supports serial bootloading of either Power Architecture code (default) or Freescale VLE code

» Automatic switch to serial boot mode if internal flash memory is blank or invalid
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1.5.25 System Status and Configuration Module (SSCM)
The SSCM on this device features the following:

System configuration and status
Debug port status and debug port enable

Multiple boot code starting locations out of reset through implementation of search for valid Reset
Configuration Half Word

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

Triggering of device self-tests during reset phase of device boot

1.5.26 FlexCAN

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.

The FlexCAN module provides the following features:

Full implementation of the CAN protocol specification, version 2.0B
— Standard data and remote frames

— Extended data and remote frames

— 0 to 8 bytes data length

— Programmable bit rate as fast as 1Mbit/s

32 message buffers of 0 to 8 bytes data length

Each message buffer configurable as receive or transmit buffer, all supporting standard and
extended messages

Programmable loop-back mode supporting self-test operation

3 programmable mask registers

Programmable transmit-first scheme: lowest ID or lowest buffer number
Time stamp based on 16-bit free-running timer

Global network time, synchronized by a specific message

Maskable interrupts

Independent of the transmission medium (an external transceiver is assumed)
High immunity to EMI

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

— Supports configuration of multiple mailboxes to form message queues of scalable depth
— Arbitration scheme according to message ID or message buffer number
— Internal arbitration to guarantee no inner or outer priority inversion
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— Transmit abort procedure and notification
* Receive features
— Individual programmable filters for each mailbox
— 8 mailboxes configurable as a 6-entry receive FIFO
— 8 programmable acceptance filters for receive FIFO
* Programmable clock source
— System clock
— Direct oscillator clock to avoid FMPLL jitter

1.5.27 FlexRay

The FlexRay module provides the following features:
* Full implementation of FlexRay Protocol Specification 2.1 Rev. A
» 64 configurable message buffers can be handled
» Dual channel or single channel mode of operation, each as fast as 10 Mbit/s data rate
» Message buffers configurable as transmit or receive
» Message buffer size configurable
* Message filtering for all message buffers based on Frame ID, cycle count, and message 1D
» Programmable acceptance filters for receive FIFO
» Message buffer header, status, and payload data stored in system memory (SRAM)
* Internal FlexRay memories have error detection and correction

1.5.28 Serial communication interface module (LINFlexD)

The LINFlexD module (LINFlex with DMA support) on this device features the following:
e Supports LIN Master mode, LIN Slave mode and UART mode
* LIN state machine compliant to LIN1.3, 2.0, and 2.1 specifications
* Manages LIN frame transmission and reception without CPU intervention
* LIN features
— Autonomous LIN frame handling
— Message buffer to store as many as 8 data bytes
— Supports messages as long as 64 bytes

— Detection and flagging of LIN errors (Sync field, delimiter, ID parity, bit framing, checksum
and Time-out errors)

— Classic or extended checksum calculation

— Configurable break duration of up to 50-bit times

— Programmable baud rate prescalers (13-bit mantissa, 4-bit fractional)
— Diagnostic features (Loop back, LIN bus stuck dominant detection)
— Interrupt driven operation with 16 interrupt sources
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LIN slave mode features

— Autonomous LIN header handling

— Autonomous LIN response handling

UART mode

— Full-duplex operation

— Standard non return-to-zero (NRZ) mark/space format

— Data buffers with 4-byte receive, 4-byte transmit

— Configurable word length (8-bit, 9-bit, 16-bit, or 17-bit words)
— Configurable parity scheme: none, odd, even, always 0

— Speed as fast as 2 Mbit/s

— Error detection and flagging (Parity, Noise and Framing errors)
— Interrupt driven operation with four interrupt sources

— Separate transmitter and receiver CPU interrupt sources

— 16-bit programmable baud-rate modulus counter and 16-bit fractional
— Two receiver wake-up methods

Support for DMA enabled transfers

1.5.29 Deserial Serial Peripheral Interface (DSPI)

The DSPI modules provide a synchronous serial interface for communication between the MPC5643L and
external devices.

A DSPI module provides these features:

Full duplex, synchronous transfers

Master or slave operation

Programmable master bit rates

Programmable clock polarity and phase

End-of-transmission interrupt flag

Programmable transfer baud rate

Programmable data frames from 4 to 16 bits

As many as 8 chip select lines available, depending on package and pin multiplexing
4 clock and transfer attributes registers

Chip select strobe available as alternate function on one of the chip select pins for de-glitching
FIFOs for buffering as many as 5 transfers on the transmit and receive side
Queueing operation possible through use of the eDMA

General purpose 1/O functionality on pins when not used for SPI
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1.5.30 FlexPWM

The pulse width modulator module (FlexPWM) contains four PWM channels, each of which is configured
to control a single half-bridge power stage. Two modules are included on 257 MAPBGA devices; on the
144 LQFP package, only one module is present. Additionally, four fault input channels are provided per
FlexPWM module.

This PWM is capable of controlling most motor types, including:

AC induction motors (ACIM)

Permanent Magnet AC motors (PMAC)

Brushless (BLDC) and brush DC motors (BDC)
Switched (SRM) and variable reluctance motors (VRM)
Stepper motors

A FlexPWM module implements the following features:

16 bits of resolution for center, edge aligned, and asymmetrical PWMs
Maximum operating frequency as high as 120 MHz

— Clock source not modulated and independent from system clock (generated via secondary
FMPLL)

Fine granularity control for enhanced resolution of the PWM period

PWM outputs can operate as complementary pairs or independent channels

Ability to accept signed numbers for PWM generation

Independent control of both edges of each PWM output

Synchronization to external hardware or other PWM supported

Double buffered PWM registers

— Integral reload rates from 1 to 16

— Half cycle reload capability

Multiple ADC trigger events can be generated per PWM cycle via hardware

Fault inputs can be assigned to control multiple PWM outputs

Programmable filters for fault inputs

Independently programmable PWM output polarity

Independent top and bottom deadtime insertion

Each complementary pair can operate with its own PWM frequency and deadtime values
Individual software control for each PWM output

All outputs can be forced to a value simultaneously

PWMX pin can optionally output a third signal from each channel

Channels not used for PWM generation can be used for buffered output compare functions
Channels not used for PWM generation can be used for input capture functions
Enhanced dual edge capture functionality

Option to supply the source for each complementary PWM signal pair from any of the following:
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— External digital pin

— Internal timer channel

— External ADC input, taking into account values set in ADC high- and low-limit registers
*  DMA support

1.5.31 eTimer module

The MPC5643L provides three eTimer modules on the 257 MAPBGA device, and two eTimer modules
on the 144 LQFP package. Six 16-bit general purpose up/down timer/counters per module are
implemented with the following features:

* Maximum clock frequency of 120 MHz
* Individual channel capability
— Input capture trigger
— OQutput compare
— Double buffer (to capture rising edge and falling edge)
— Separate prescaler for each counter
— Selectable clock source
— 0-100% pulse measurement
— Rotation direction flag (Quad decoder mode)
* Maximum count rate
— Equals peripheral clock divided by 2 for external event counting
— Equals peripheral clock for internal clock counting
» Cascadeable counters
* Programmable count modulo
* Quadrature decode capabilities
» Counters can share available input pins
» Count once or repeatedly
» Preloadable counters
* Pins available as GP1O when timer functionality not in use
*  DMA support

1.5.32 Sine Wave Generator (SWG)

A digital-to-analog converter is available to generate a sine wave based on 32 stored values for external
devices (ex: resolver).

» Frequency range from 1 kHz to 50 kHz

» Sine wave amplitude from 0.47 V to 2.26 V
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1.5.33 Analog-to-Digital Converter module (ADC)
The ADC module features include:

Analog part:
» 2 on-chip ADCs
— 12-bit resolution SAR architecture
— Same digital interface as in the MPC5604P family
— A/D Channels: 9 external, 3 internal and 4 shared with other A/D (total 16 channels)
— One channel dedicated to each T-sensor to enable temperature reading during application
— Separated reference for each ADC
— Shared analog supply voltage for both ADCs
— One sample and hold unit per ADC
— Adjustable sampling and conversion time
Digital part:
* 4 analog watchdogs comparing ADC results against predefined levels (low, high, range) before
results are stored in the appropriate ADC result location
* 2 modes of operation: CPU Mode or CTU Mode
* CPU mode features
— Register based interface with the CPU: one result register per channel

— ADC state machine managing three request flows: regular command, hardware injected
command, software injected command

— Selectable priority between software and hardware injected commands
— 4 analog watchdogs comparing ADC results against predefined levels (low, high, range)
— DMA compatible interface
» CTU mode features
— Triggered mode only
— 4 independent result queues (1 x 16 entries, 2 x 8 entries, 1 x 4 entries)
— Result alignment circuitry (left justified; right justified)
— 32-bit read mode allows to have channel ID on one of the 16-bit parts
— DMA compatible interfaces
» Built-in self-test features triggered by software

1.5.34 Cross Triggering Unit (CTU)

The ADC cross triggering unit allows automatic generation of ADC conversion requests on user selected
conditions without CPU load during the PWM period and with minimized CPU load for dynamic
configuration.
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The CTU implements the following features:

Cross triggering between ADC, FlexPWM, eTimer, and external pins

Double buffered trigger generation unit with as many as 8 independent triggers generated from
external triggers

Maximum operating frequency less than or equal to 120 MHz
Trigger generation unit configurable in sequential mode or in triggered mode
Trigger delay unit to compensate the delay of external low pass filter

Double buffered global trigger unit allowing eTimer synchronization and/or ADC command
generation

Double buffered ADC command list pointers to minimize ADC-trigger unit update
Double buffered ADC conversion command list with as many as 24 ADC commands
Each trigger capable of generating consecutive commands

ADC conversion command allows control of ADC channel from each ADC, single or synchronous
sampling, independent result queue selection

DMA support with safety features

1.5.35 Cyclic Redundancy Checker (CRC) Unit

The CRC module is a configurable multiple data flow unit to compute CRC signatures on data written to
its input register.

The CRC unit has the following features:

3 sets of registers to allow 3 concurrent contexts with possibly different CRC computations, each
with a selectable polynomial and seed

Computes 16- or 32-bit wide CRC on the fly (single-cycle computation) and stores result in
internal register.
The following standard CRC polynomials are implemented:

— x84+ x* +x3 + x% + 1 [8-bit CRC] (supported on cut2/3 only)

— x16 4+ x12 4+ x5+ 1 [16-bit CRC-CCITT]

(324426423 322 16,12 W11 10 L 8 T L5 A2
[32-bit CRC-ethernet(32)]

Key engine to be coupled with communication periphery where CRC application is added to allow
implementation of safe communication protocol

Offloads core from cycle-consuming CRC and helps checking configuration signature for safe
start-up or periodic procedures

CRC unit connected as peripheral bus on internal peripheral bus
DMA support
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1.5.36 Redundancy Control and Checker Unit (RCCU)
The RCCU checks all outputs of the sphere of replication (addresses, data, control signals). It has the
following features:

* Duplicated module to guarantee highest possible diagnostic coverage (check of checker)

» Multiple times replicated IPs are used as checkers on the SoR outputs

1.5.37 Junction temperature sensor

The junction temperature sensor provides a value via an ADC channel that can be used by software to
calculate the device junction temperature.
The key parameters of the junction temperature sensor include:

* Nominal temperature range from —40 to 150 °C

» Software temperature alarm via analog ADC comparator possible

1.5.38 Nexus Port Controller (NPC)

The NPC module provides real-time development support capabilities for this device in compliance with
the IEEE-ISTO 5001-2003. This development support is supplied for MCUs without requiring external
address and data pins for internal visibility.

The NPC block interfaces to the host processor and internal buses to provide development support as per
the IEEE-ISTO 5001-2003 Class 3+, including selected features from Class 4 standard.

The development support provided includes program trace, data trace, watchpoint trace, ownership trace,
run-time access to the MCUs internal memory map and access to the Power Architecture internal registers
during halt. The Nexus interface also supports a JTAG only mode using only the JTAG pins. The following
features are implemented:

* Full and reduced port modes

*  MCKO (message clock out) pin

« 40r12 MDO (message data out) pinst

« 2 MSEO (message start/end out) pins

« EVTO (event out) pin
— Auxiliary input port

« EVTI (event in) pin

e 5-pin JTAG port (JCOMP, TDI, TDO, TMS, and TCK)
— Supports JTAG mode

» Host processor (e200) development support features
— Data trace via data write messaging (DWM) and data read messaging (DRM). This allows the

development tool to trace reads or writes, or both, to selected internal memory resources.

1. 4 MDO pins on 144 LQFP package, 12 MDO pins on 257 MAPBGA package.
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— Ownership trace via ownership trace messaging (OTM). OTM facilitates ownership trace by
providing visibility of which process ID or operating system task is activated. An ownership
trace message is transmitted when a new process/task is activated, allowing development tools
to trace ownership flow.

— 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 messaging (WPM) via the auxiliary port
— Watchpoint trigger enable of program and/or data trace messaging
— Data tracing of instruction fetches via private opcodes

1.5.39 IEEE 1149.1 JTAG Controller (JTAGC)

The JTAGC block provides the means to test chip functionality and connectivity while remaining
transparent to system logic when not in test mode. All data input to and output from the JTAGC block is
communicated in serial format. The JTAGC block is compliant with the IEEE standard.

The JTAG controller provides the following features:

IEEE Test Access Port (TAP) interface with 5 pins:

— TDI

— TMS

— TCK

— TDO

— JCOMP

Selectable modes of operation include JTAGC/debug or normal system operation
5-bit instruction register that supports the following IEEE 1149.1-2001 defined instructions:
— BYPASS

— IDCODE

— EXTEST

— SAMPLE

— SAMPLE/PRELOAD

3 test data registers: a bypass register, a boundary scan register, and a device identification register.
The size of the boundary scan register is parameterized to support a variety of boundary scan chain
lengths.

TAP controller state machine that controls the operation of the data registers, instruction register
and associated circuitry
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1.5.40 Voltage regulator / Power Management Unit (PMU)

The on-chip voltage regulator module provides the following features:
» Single external rail required
» Single high supply required: nominal 3.3 V both for packaged and Known Good Die option

— Packaged option requires external ballast transistor due to reduced dissipation capacity at high
temperature but can use embedded transistor if power dissipation is maintained within package
dissipation capacity (lower frequency of operation)

— Known Good Die option uses embedded ballast transistor as dissipation capacity is increased
to reduce system cost

» All I/Os are at same voltage as external supply (3.3 VV nominal)

» Duplicated Low-\Voltage Detectors (LVD) to guarantee proper operation at all stages (reset,
configuration, normal operation) and, to maximize safety coverage, one LD can be tested while
the other operates (on-line self-testing feature)

1.5.41 Built-In Self-Test (BIST) capability

This device includes the following protection against latent faults:
* Boot-time Memory Built-In Self-Test (MBIST)
* Boot-time scan-based Logic Built-In Self-Test (LBIST)
* Run-time ADC Built-In Self-Test (BIST)
* Run-time Built-In Self Test of LVDs
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Chapter 2
Memory Map

Table 2-1 shows the memory map for the MPC5643L.

All addresses on the MPC5643L, including those that are reserved, are identified in the table. The
addresses represent the physical addresses assigned to each region or module name. The table also
identifies the associated peripheral control register (PCTL) number and mode (LS, DP, or both).

All memory not listed in this table is reserved, and access to those locations may produce undesirable
results.

Table 2-1. MPC5643L memory map, ordered by start address

Start Address | Size (KB) nzgll;:r Mode Region / Module Name

Flash memory

0x0000_0000 16 — LS/DP | Flash-memory array partition 1 (low address) or
test flash memory’
0x0000_4000 48 — LS/DP | Flash-memory array partition 1 (low address)
0x0001_0000 48 — LS/DP | Flash-memory array partition 1 (low address)
0x0001_C000 16 — LS/DP | Flash-memory array partition 1 (low address)
0x0002_0000 64 — LS/DP | Flash-memory array partition 2 (low address)
0x0003_0000 64 — LS/DP | Flash-memory array partition 2 (low address)
0x0004_0000 128 — LS/DP | Flash-memory array partition 3 (mid address)
0x0006_0000 128 — LS/DP | Flash-memory array partition 3 (mid address)
0x0008_0000 256 — LS/DP | Flash-memory array partition 4 (high address)
0x000C_0000 256 — LS/DP | Flash-memory array partition 4 (high address)
0x00F0_0000 1024 — LS/DP | Shadow block
0x0100_0000 507904 — LS/DP | Flash-memory emulation mapping
Static RAM

0x4000_0000 64 — DP SRAM

128 — LS SRAM
0x5000_0000 64 — DP SRAM?

On-platform 1 peripherals3

0x8FF0_0000 16 — DP PBRIDGE_1
0x8FF0_4000 16 — DP XBAR_1

0x8FF1_0000 16 — DP MPU_1

0x8FF2_4000 16 — DP Semaphores (SEMA4_1)
0x8FF3_8000 16 — DP SWT_1
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Table 2-1. MPC5643L memory map, ordered by start address (continued)

Start Address | Size (KB) nE::LI;r Mode Region / Module Name
0x8FF3_C000 16 — DP STM_1
0x8FF4_0000 16 — DP ECSM_1
0x8FF4_8000 16 — DP INTC_1
Off-platform peripherals (mirrored to memory range 0xFFE8_0000—0xFFEF_FFFF)

0xC3F8_8000 16 66 LS/DP | Flash 0 configuration (FLASHO)
0xC3F9_0000 16 68 LS/DP | System integration unit lite (SIUL)
0xC3F9_4000 16 69 LS/DP | Wakeup unit (WKPU)
0xC3FD_8000 16 86 LS/DP | System status and configuration module (SSCM)
0xC3FD_C000 16 87 LS/DP | Mode entry module (MC_ME)
0xC3FE_0000 16 88 LS/DP | Clock generation module (MC_CGM)
0xC3FE_4000 16 89 LS/DP | Reset generation module (MC_RGM)
0xC3FE_8000 16 90 LS/DP | Power control unit (MC_PCU)
0xC3FF_0000 16 92 LS/DP | Periodic interrupt timer (PIT)
0xC3FF_4000 16 93 LS/DP | Self-test control unit (STCU)

Off-platform peripherals
O0xFFEO_0000 16 32 LS/DP | Analog-to-digital converter 0 (ADC_0)
OxFFEO0_4000 16 33 LS/DP | Analog-to-digital converter 1 (ADC_1)
OxFFEO_CO000 16 35 LS/DP | Cross triggering unit (CTU)
OxFFE1_8000 16 38 LS/DP |eTimer_0
OxFFE1_CO000 16 39 LS/DP |eTimer_1
O0xFFE2_0000 16 40 LS/DP |eTimer_2
OxFFE2_4000 16 41 LS/DP | FlexPWM_0
OxFFE2_8000 16 42 LS/DP | FlexPWM_1
O0xFFE4_0000 16 48 LS/DP | LINFlexD_0
OxFFE4_4000 16 49 LS/DP | LINFlexD_1
OxFFE6_8000 16 58 LS/DP | Cyclic redundancy check unit (CRC)
OxFFE6_C000 16 59 LS/DP | Fault collection and control unit (FCCU)
OxFFE7_8000 16 62 LS/DP | Sine wave generator (SWG)

On Platform 0 Peripherals

O0xFFF0_0000 16 — LS PBRIDGE_0, PBRIDGE _1

DP PBRIDGE_0
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Table 2-1. MPC5643L memory map, ordered by start address (continued)

Start Address | Size (KB) nE::LI;r Mode Region / Module Name
O0xFFF0_4000 16 — LS XBAR_0, XBAR_1
DP XBAR_0O
OxFFF1_0000 16 — LS MPU_0, MPU_A1
DP MPU_O
OxFFF2_4000 16 — DP Semaphores (SEMA4_0)
OxFFF3_8000 16 — LS SWT_0, SWT_1
DP SWT_0
OxFFF3_C000 16 — LS STM_0, STM_1
DP STM_0
0xFFF4_0000 16 — LS ECSM_0, ECSM_1
DP ECSM_0
OxFFF4_4000 16 — LS eDMA_0, eDMA _1
DP eDMA_0
O0xFFF4_8000 16 — LS INTC_0, INTC_1
DP INTC_O
Off Platform Peripherals
O0xFFF9_0000 16 4 LS/DP |DSPI_0
O0xFFF9_4000 16 5 LS/DP |DSPI_1
O0xFFF9_8000 16 6 LS/DP |DSPI_2
OxFFFC_0000 16 16 LS/DP |FlexCAN_O
OxFFFC_4000 16 17 LS/DP | FlexCAN_1
OxFFFD_CO000 16 23 LS eDMA channel multiplexer (DMA_MUX)
DP eDMA channel multiplexer (DMA_MUX)4
OxFFFE_0000 16 24 LS/DP | FlexRay controller (FlexRay)
OxFFFF_CO000 16 31 LS/DP | Boot Assist Module (BAM)

T Testflash memory is mapped to this address if the SCTR[TFE] bit in the SSCM is set (see Section 48.3.1.8, SSCM
Control Register (SCTR)).

2 This range cannot be accessed by DMA_0.
3 These peripherals are not accessible to DMA_0 in DP mode.
4 DMA_MUX_1 is disabled in DP mode.
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Table 2-2. MPC5643L memory map, ordered by module nhame

Start Address | Size (KB) nzgll;tr Mode Region / Module Name
OxFFEO_0000 16 32 LS/DP | Analog-to-digital converter 0 (ADC_0)
OxFFEO_4000 16 33 LS/DP | Analog-to-digital converter 1 (ADC_1)
OxFFFF_CO000 16 31 LS/DP | Boot assist module (BAM)
0xC3FE_0000 16 88 LS/DP | Clock generation module (MC_CGM)
OxFFEO_CO000 16 35 LS/DP | Cross triggering unit (CTU)
OxFFE6_8000 16 58 LS/DP | Cyclic redundancy check unit (CRC)
OxFFF9_0000 16 4 LS/DP |DSPI_0
OxFFF9_4000 16 5 LS/DP |DSPI_1
OxFFF9_8000 16 6 LS/DP |DSPI_2
0x8FF4_0000 16 — DP ECSM_1
O0xFFF4_0000 16 — LS ECSM_0, ECSM_1

DP ECSM_0
OxFFF4_4000 16 — LS eDMA_0, eDMA _1

DP eDMA_O
OxFFFD_CO000 16 23 LS eDMA channel multiplexer (DMA_MUX)

DP eDMA channel multiplexer (DMA_MUX)'
OxFFE1_8000 16 38 LS/DP |eTimer_0
OxFFE1_C000 16 39 LS/DP |eTimer_1
OxFFE2_0000 16 40 LS/DP |eTimer_2
OxFFE6_CO000 16 59 LS/DP | Fault collection and control unit (FCCU)
0xC3F8_8000 16 66 LS/DP | Flash 0 configuration (FLASHO)
0x0000_0000 16 — LS/DP | Flash-memory array partition 1 (low address) or

test flash memory?

0x0000_4000 48 — LS/DP | Flash-memory array partition 1 (low address)
0x0001_0000 48 — LS/DP | Flash-memory array partition 1 (low address)
0x0001_C000 16 — LS/DP | Flash-memory array partition 1 (low address)
0x0002_0000 64 — LS/DP | Flash-memory array partition 2 (low address)
0x0003_0000 64 — LS/DP | Flash-memory array partition 2 (low address)
0x0004_0000 128 — LS/DP | Flash-memory array partition 3 (mid address)
0x0006_0000 128 — LS/DP | Flash-memory array partition 3 (mid address)
0x0008_0000 256 — LS/DP | Flash-memory array partition 4 (high address)
0x000C_0000 256 — LS/DP | Flash-memory array partition 4 (high address)
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Table 2-2. MPC5643L memory map, ordered by module name (continued)

Start Address | Size (KB) nE::LI;r Mode Region / Module Name
0x0100_0000 507904 — LS/DP | Flash-memory emulation mapping
OxFFFC_0000 16 16 LS/DP | FlexCAN_O
OxFFFC_4000 16 17 LS/DP | FlexCAN_1
OxFFE2_4000 16 41 LS/DP | FlexPWM_0
OxFFE2_8000 16 42 LS/DP | FlexPWM_1
OxFFFE_0000 16 24 LS/DP | FlexRay controller (FlexRay)
0x8FF4_8000 16 — DP INTC_1
OxFFF4_8000 16 — LS INTC_0, INTC_1
DP INTC_O
O0xFFE4_0000 16 48 LS/DP | LINFlexD_0
OxFFE4_4000 16 49 LS/DP | LINFlexD_1
0x8FF1_0000 16 — DP MPU_1
OxFFF1_0000 16 — LS MPU_0, MPU_A1
DP MPU_O
0xC3FD_C000 16 87 LS/DP | Mode entry module (MC_ME)
0xC3FF_0000 16 92 LS/DP | Periodic interrupt timer (PIT)
0xC3FE_8000 16 90 LS/DP | Power control unit (MC_PCU)
0x8FF0_0000 16 — DP PBRIDGE_1
0xFFF0_0000 16 — LS PBRIDGE_0, PBRIDGE_1
DP PBRIDGE_0
0xC3FE_4000 16 89 LS/DP | Reset generation module (MC_RGM)
0xC3FF_4000 16 93 LS/DP | Self-test control unit (STCU)
0x8FF2_4000 16 — DP Semaphores (SEMA4_1)
OxFFF2_4000 16 — DP Semaphores (SEMA4_0)
0x00F0_0000 1024 — LS/DP | Shadow block
OxFFE7_8000 16 62 LS/DP | Sine wave generator (SWG)
0x8FF3_8000 16 — DP SWT_1
O0xFFF3_8000 16 — LS SWT_0, SWT_1
DP SWT_0
0x4000_0000 64 — DP SRAM
128 — LS SRAM
0x5000_0000 64 — DP SRAM?
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Table 2-2. MPC5643L memory map, ordered by module name (continued)

Start Address | Size (KB) nE::LI;r Mode Region / Module Name
0x8FF3_C000 16 — DP STM_1
OxFFF3_C000 16 — LS STM_0, STM_1

DP STM_0
0xC3F9_0000 16 68 LS/DP | System integration unit lite (SIUL)
0xC3FD_8000 16 86 LS/DP | System status and configuration module (SSCM)
0xC3F9_4000 16 69 LS/DP | Wakeup unit (WKPU)
0x8FF0_4000 16 — DP XBAR_1
O0xFFF0_4000 16 — LS XBAR_0, XBAR_1

DP XBAR_0

' DMA_MUX_1 is disabled in DP mode.

2 Testflash memory is mapped to this address if the SCTR[TFE] bit in the SSCM is set (see Section 48.3.1.8, SSCM
Control Register (SCTR)).

This range cannot be accessed by eDMA_0.

Table 2-3. SRAM map for MPC5643L in LSM

Start address End address Size (KB) Region'
0x4000_0000 0x4001_FFFF 128 SRAM
0x4002_0000 Ox5FFF_FFFF 524160 Reserved

T Access to reserved memory space can cause unexpected behavior. The MPU must be configured to
force a deterministic action for accesses to reserved memory space.

Table 2-4. SRAM map for MPC5643L in DPM

Start address End address Size (KB) Region'
0x4000_0000 0x4000_FFFF 64 SRAM
0x4001_0000 Ox4FFF_FFFF 262080 Reserved
0x5000_0000 0x5000_FFFF 64 SRAM?
0x5001_0000 Ox5FFF_FFFF 262080 Reserved

T Access to reserved memory space can cause unexpected behavior. The MPU must be configured to
force a deterministic action for accesses to reserved memory space.

2 This range cannot be accessed by eDMA_0.
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Chapter 3
Signal Description

This chapter describes the signals of the MPC5643L.

3.1 Package pinouts

Figure 3-1 shows the 144 LQFP pinout.
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Figure 3-1. 144 LQFP pinout

Figure 3-2 shows the 257 MAPBGA ballmap.
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2 pin K3 is NC on cut1 and RDY on cut2/3.

Figure 3-2. 257 MAPBGA ballmap

NC = Not connected (the pin is physically not connected to anything on the device)

Table 3-1 and Table 3-2 provide the pin function summaries for the 144-pin and 257-pin packages,
respectively, listing all the signals multiplexed to each pin.
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Table 3-1. 144 LQFP pin function summary

Pin # Port/function Peripheral Output function Input function
1 NMI —
2 Al6] SIuL GPIO[6] GPIO[6]
DSPI_1 SCK SCK
SIUL — EIRQ[6]
3 D[1] SIUL GPIO[49] GPIO[49]
eTimer_1 ETC[2] ETC[2]
CTU_O EXT_TGR —
FlexRay — CA_RX
4 F[4] SIUL GPIO[84] GPIO[84]
NPC MDO[3] -
5 F[5] SIUL GPIO[85] GPIO[85]
NPC MDO[2] -
6 Vbp_Hv_I0 —
7 Vss_Hv_Io -
8 F[6] SIUL GPIO[86] GPIO[86]
NPC MDOI[1] —
9 MDOO0 —
10 Al7] SIUL GPIO[7] GPIO[7]
DSPI_1 SOouT —
SIUL — EIRQ[7]
11 Cl4] SIUL GPIO[36] GPIO[36]
DSPI_0O CSo CSo
FlexPWM_0 X[1] X[1]
SSCM DEBUGI[4] —
SIUL — EIRQ[22]
12 A[8] SIuL GPIO[8] GPIO[8]
DSPI_1 — SIN
SIUL — EIRQ[8]
13 CI5] SIUL GPIO[37] GPIO[37]
DSPI_0 SCK SCK
SSCM DEBUGI5] —
FlexPWM_0 — FAULT[3]
SIUL — EIRQ[23]
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Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
14 A[5] SIUL GPIO[5] GPIO[5]
DSPI_1 CSo CSo
eTimer_1 ETC[5] ETC[5]
DSPI_0 Cs7 —
SIUL — EIRQ[5]
15 C[7] SIUL GPIO[39] GPIO[39]
FlexPWM_0 Al1] All]
SSCM DEBUG(7] —
DSPI_0 — SIN
16 VbD_HV_REG 0 —
17 Vss_Lv_cor -
18 Vbp_Lv_cor —
19 F[7] SIUL GPIO[87] GPIO[87]
NPC MCKO —
20 F[8] SIUL GPIO[88] GPIO[88]
NPC MSEO[1] —
21 Vbp_Hv_10 —
22 Vss_Hv_io -
23 F[9] SIUL GPIO[89] GPIOI[89]
NPC MSEOI[0] —
24 F[10] SIuL GPIO[90] GPIO[90]
NPC EVTO —
25 F[11] SIuL GPIO[91] GPIO[91]
NPC — EVTI
26 D[9] SIUL GPIO[57] GPIO[57]
FlexPWM_0 X[0] X[0]
LINFlexD_1 TXD —
27 Vbp_Hv_osc —
28 Vss_Hv_osc -
29 XTAL —
30 EXTAL —
31 RESET —
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
32 D[8] SIuL GPIO[56] GPIO[56]
DSPI_1 CS2 —
eTimer_1 ETC[4] ETC[4]
DSPI_0 CS5 —
FlexPWM_0 — FAULTI[3]
33 D[5] SIUL GPIO[53] GPIO[53]
DSPI_0 CS3 —
FlexPWM_0 — FAULT[2]
34 D[6] SIUL GPIO[54] GPIO[54]
DSPI_0 CSs2 —
FlexPWM_0 X[3] X[3]
FlexPWM_0 — FAULT[1]
35 Vss_Lv_PLLO_PLL1 —
36 VbD_Lv_PLLO_PLL1 —
37 D[7] SIUL GPIO[55] GPIO[55]
DSPI_1 CS3 —
DSPI_0 CS4 —
SWG analog output —
38 FCCU_F[0] FCCU F[0] F[0]
39 Vbb_Lv_cor —
40 Vss_Lv_cor -
41 C[1] SIUL — GPIO[33]
ADC_0 — AN[2]
42 E[4] SIUL — GPIO[68]
ADC_0 — AN[7]
43 B[7] SIUL — GPIO[23]
LINFlexD_0 — RXD
ADC_0 — AN[O]
44 E[5] SIUL — GPIO[69]
ADC_0 — AN[8]
45 C[2] SIUL — GPIO[34]
ADC_0 — AN[3]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function

46 E[6] SIUL — GPIOJ[70]
ADC_0 — AN[4]

47 B[8] SIUL — GPIO[24]

eTimer_0 — ETC[5]

ADC_0 — ANI[1]

48 E[7] SIUL — GPIO[71]
ADC_0 — AN[6]

49 E[2] SIUL — GPIO[66]
ADC_0 — ANI[5]

50 Vbp_Hv_ADRO —

51 Vss_Hv_ADRo —

52 B[9] SIUL — GPIO[25]
ADC_0 — AN[11]
ADC_1

53 B[10] SIUL — GPIO[26]
ADC_0 — AN[12]
ADC_1

54 B[11] SIUL — GPI0O[27]
ADC_0 — AN[13]
ADC_1

55 B[12] SIUL — GPIO[28]
ADC_0 — AN[14]
ADC_1

56 VbD_HV_ADRT —

57 Vss_Hv_ADR1 —

58 Vbp_Hv_ADV -

59 Vss_Hv_Apv —

60 B[13] SIUL — GPIO[29]

LINFlexD_1 — RXD

ADC_1 — AN[0]

61 E[9] SIUL — GPIO[73]
ADC_1 — AN[7]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
62 B[15] SIuL — GPIO[31]
SIuL — EIRQ[20]
ADC_1 — AN[2]
63 E[10] SIUL — GPIO[74]
ADC_1 — AN[8]
64 B[14] SIUL — GPIO[30]
eTimer_0 — ETC[4]
SIUL — EIRQ[19]
ADC_1 — AN[1]
65 E[11] SIUL — GPIO[75]
ADC_1 — AN[4]
66 C[0] SIUL — GPIO[32]
ADC_1 — AN[3]
67 E[12] SIUL — GPIO[76]
ADC_1 — AN[6]
68 E[0] SIUL — GPIO[64]
ADC_1 — AN[5]
69 BCTRL —
70 Vbp_Lv_cor —
71 Vss_Lv_cor -
72 Vbp_Hv_PMU —
73 A[O] SIUL GPIO[0] GPIO[0]
eTimer_0 ETCIO] ETC[O]
DSPI_2 SCK SCK
SIUL — EIRQ[O]
74 A[1] SIUL GPIO[1] GPIO[1]
eTimer_0 ETC[1] ETC[1]
DSPI_2 SOuUT —
SIUL — EIRQ[1]
75 G[11] SIUL GPIO[107] GPIO[107]
FlexRay DBG3 —
FlexPWM_0 — FAULT[3]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
76 D[10] SIuL GPIO[58] GPIO[58]
FlexPWM_0 A[0] A[0]
eTimer_0 — ETC[O]
77 G[10] SIUL GPIO[106] GPIO[106]
FlexRay DBG2 —
DSPI_2 CS3 —
FlexPWM_0 — FAULT[2]
78 D[11] SIUL GPIO[59] GPIO[59]
FlexPWM_0 B[O] B[O]
eTimer_0 — ETCI[1]
79 G[9] SIUL GPIO[105] GPIO[105]
FlexRay DBG1 —
DSPI_1 CSH —
FlexPWM_0 — FAULT[1]
SIUL — EIRQ[29]
80 C[11] SIUL GPIO[43] GPIO[43]
eTimer_0 ETC[4] ETC[4]
DSPI_2 CSs2 —
81 G[8] SIUL GPIO[104] GPIO[104]
FlexRay DBGO —
DSPI_0O CSH —
FlexPWM_0 — FAULTI[O]
SIUL — EIRQ[21]
82 C[12] SIUL GPIO[44] GPIO[44]
eTimer_0 ETC[5] ETC[5]
DSPI_2 CS3 —
83 G[7] SIUL GPIO[103] GPIO[103]
FlexPWM_0 B[3] B[3]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
84 A2] SIUL GPIO[2] GPIO[2]
eTimer_0 ETC[2] ETC[2]
FlexPWM_0 A[3] A[3]
DSPI_2 — SIN
MC_RGM — ABS[0]
SIUL — EIRQ[2]
85 GI[5] SIUL GPIO[101] GPIO[101]
FlexPWM_0 X[3] X[3]
DSPI_2 CS3 —
86 B[5] SIUL GPIO[21] GPIO[21]
JTAGC — TDI
87 TMS —
88 TCK —
89 B[4] SIuL GPIO[20] GPIO[20]
JTAGC TDO —
90 Vss_Hv_io -
a1 Vbp_Hv 10 —
92 A[3] SIUL GPIO[3] GPIO[3]
eTimer_0 ETC[3] ETC[3]
DSPI_2 CSo CSo
FlexPWM_0 B[3] B[3]
MC_RGM — ABS[2]
SIUL — EIRQ[3]
93 Vbp_Lv_cor —
94 Vss_Lv_cor -
95 VDD_HV_REG_1 —
96 Vss_Hv_FLA —
97 VDD_HV_FLA —
08 Gl6] SIUL GPIO[102] GPIO[102]
FlexPWM_0 A[3] A3]
99 D[12] SIuL GPIO[60] GPIO[60]
FlexPWM_0 X[1] X[1]
LINFlexD_1 — RXD
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
100 G[4] SIuL GPIO[100] GPIO[100]
FlexPWM_0 B[2] B[2]
eTimer_0 — ETC[5]
101 C[13] SIUL GPIO[45] GPIO[45]
eTimer_1 ETC[1] ETC[1]
CTU_O — EXT_IN
FlexPWM_0 — EXT_SYNC
102 G[2] SIUL GPIO[98] GPIO[98]
FlexPWM_0 X[2] X[2]
DSPI_1 CS1 —
103 C[14] SIUL GPIO[46] GPIO[46]
eTimer_1 ETC[2] ETC[2]
CTU_O EXT_TGR —
104 G[3] SIUL GPIO[99] GPIO[99]
FlexPWM_0 Al2] Al2]
eTimer_0 — ETC[4]
105 D[14] SIUL GPIO[62] GPIO[62]
FlexPWM_0 B[1] B[1]
eTimer_0 — ETCI3]
106 F[12] SIUL GPIO[92] GPI0[92]
eTimer_1 ETCI[3] ETC[3]
SIUL — EIRQ[30]
107 Vep_TEST —
108 Al4] SIUL GPIO[4] GPIO[4]
eTimer_1 ETCI[O] ETC[O]
DSPI_2 CS1 —
eTimer_0 ETC[4] ETC[4]
MC_RGM — FAB
SIUL — EIRQ[4]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
109 B[O] SIUL GPIO[16] GPIO[16]
FlexCAN_O TXD —
eTimer_1 ETC[2] ETC[2]
SSCM DEBUGIO0] —
SIUL — EIRQ[15]
110 B[1] SIUL GPIO[17] GPIO[17]
eTimer_1 ETC[3] ETC[3]
SSCM DEBUGI1] —
FlexCAN_O — RXD
FlexCAN_1 — RXD
SIUL — EIRQ[16]
111 C[10] SIUL GPIO[42] GPIO[42]
DSPI_2 CS2 —
FlexPWM_0 Al3] A[3]
FlexPWM_0 — FAULT[1]
112 F[13] SIUL GPIO[93] GPIO[93]
eTimer_1 ETC[4] ETC[4]
SIUL — EIRQ[31]
113 F[15] SIUL GPIO[95] GPIO[95]
LINFlexD_1 — RXD
114 B[2] SIUL GPIO[18] GPIO[18]
LINFlexD_0 TXD —
SSCM DEBUG[2] —
SIUL — EIRQ[17]
115 F[14] SIUL GPIO[94] GPIO[94]
LINFlexD_1 TXD —
116 B[3] SIUL GPIO[19] GPIO[19]
SSCM DEBUG[3] —
LINFlexD_0 — RXD
117 E[13] SIUL GPIO[77] GPIO[77]
eTimer_0 ETC[5] ETC[5]
DSPI_2 CS3 —
SIUL — EIRQ[25]
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
118 A[10] SIUL GPIO[10] GPIO[10]
DSPI_2 CSo CSo
FlexPWM_0 B[O] B[O]
FlexPWM_0 X[2] X[2]
SIUL — EIRQ[9]
119 E[14] SIUL GPIO[78] GPIO[78]
eTimer_1 ETC[5] ETC[5]
SIUL — EIRQ[26]
120 Al11] SIUL GPIO[11] GPIO[11]
DSPI_2 SCK SCK
FlexPWM_0 A[0] A[0]
FlexPWM_0 Al2] Al2]
SIUL — EIRQ[10]
121 E[15] SIUL GPIO[79] GPIO[79]
DSPI_0O CS1 —
SIUL — EIRQ[27]
122 Al12] SIUL GPIO[12] GPIO[12]
DSPI_2 SOuUT —
FlexPWM_0 Al2] Al2]
FlexPWM_0 B[2] B[2]
SIUL — EIRQ[11]
123 JCOMP — — JCOMP
124 C[15] SIUL GPI0[47] GPIO[47]
FlexRay CA_TR_EN —
eTimer_1 ETCIO] ETC[O]
FlexPWM_0 Al1] All]
CTU_O — EXT_IN
FlexPWM_0 — EXT_SYNC
125 D[O] SIUL GPI0[48] GPI0[48]
FlexRay CA_TX —
eTimer_1 ETC[1] ETC[1]
FlexPWM_0 B[1] B[1]
126 Vbp_Hv 10 —
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
127 Vss Hv o -
128 D[3] SIuL GPIO[51] GPIO[51]
FlexRay CB_TX —
eTimer_1 ETC[4] ETC[4]
FlexPWM_0 Al3] Al3]
129 D[4] SIUL GPIO[52] GPIO[52]
FlexRay CB_TR_EN —
eTimer_1 ETC[5] ETC[5]
FlexPWM_0 B[3] B[3]
130 VDD_HV_REG_2 —
131 Vbp_Lv_cor —
132 Vss_Lv_cor -
133 F[O] SIUL GPIO[80] GPIO[80]
FlexPWM_0 Al1] All]
eTimer_0 — ETC[2]
SIUL — EIRQ[28]
134 A[9] SIUL GPIO[9] GPIO[9]
DSPI_2 CS1 —
FlexPWM_0 B[3] B[3]
FlexPWM_0 — FAULTI[O]
135 Vbb_Lv_cor —
136 A[13] SIUL GPIO[13] GPIO[13]
FlexPWM_0 B[2] B[2]
DSPI_2 — SIN
FlexPWM_0 — FAULTI[O]
SIUL — EIRQ[12]
137 Vss_Lv_cor -
138 B[6] SIUL GPIO[22] GPIO[22]
MC_CGM clk_out —
DSPI_2 CSs2 —
SIUL — EIRQ[18]
139 F[3] SIUL GPIOI[83] GPIOI[83]
DSPI_0O CS6 —
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Chapter 3 Signal Description

Table 3-1. 144 LQFP pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
140 D[2] SIUL GPIO[50] GPIO[50]
eTimer_1 ETC[3] ETC[3]
FlexPWM_0 X[3] X[3]
FlexRay — CB_RX
141 FCCU_FI1] FCCU F[1] F[1]
142 Cl6] SIUL GPIO[38] GPIO[38]
DSPI_0O SOUT —
FlexPWM_0 B[1] B[1]
SSCM DEBUGI6] —
SIUL — EIRQ[24]
143 Al14] SIUL GPIO[14] GPIO[14]
FlexCAN_1 TXD —
eTimer_1 ETC[4] ETC[4]
SIUL — EIRQ[13]
144 A[15] SIUL GPIO[15] GPIO[15]
eTimer_1 ETC[5] ETC[5]
FlexCAN_1 — RXD
FlexCAN_O — RXD
SIUL — EIRQ[14]

Table 3-2. 257 MAPBGA pin function summary

1 Vpp TEST Should always be tied to ground (Vgg) for normal operations.

Pin # Port/function Peripheral Output function Input function

Al Vss_Hv_I0_RING -

A2 Vss_Hv_I0_RING -

A3 VDD _HV_I10_RING -

A4 H[2] SIUL GPIO[114] GPIO[114]
NPC MDO[5] —

A5 HI[O] SIUL GPIO[112] GPIO[112]
NPC MDO[7] -

A6 G[14] SIUL GPIO[110] GPIO[110]
NPC MDO[9] -
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
A7 D[3] SIuL GPIO[51] GPIO[51]
FlexRay CB_TX —
eTimer_1 ETC[4] ETC[4]
FlexPWM_0 A[3] A[3]
A8 C[15] SIUL GPI0[47] GPI0[47]
FlexRay CA_TR_EN —
eTimer_1 ETCI[O] ETC[O]
FlexPWM_0 Al1] All]
CTU_O — EXT_IN
FlexPWM_0 — EXT_SYNC
A9 Vbp_Hv_I0_RING —
A10 Al12] SIUL GPIO[12] GPIO[12]
DSPI_2 SOuUT —
FlexPWM_0 Al2] Al2]
FlexPWM_0 B[2] B[2]
SIUL — EIRQ[11]
A11 H[10] SIUL GPIO[122] GPIO[122]
FlexPWM_1 X[2] X[2]
eTimer_2 ETC[2] ETC[2]
A12 H[14] SIUL GPIO[126] GPIO[126]
FlexPWM_1 Al3] Al3]
eTimer_2 ETC[4] ETC[4]
A13 A[10] SIUL GPIO[10] GPIO[10]
DSPI_2 CSso Cso
FlexPWM_0 B[O] B[O]
FlexPWM_0 X[2] X[2]
SIUL — EIRQ[9]
A14 B[2] SIUL GPIO[18] GPIO[18]
LINFlexD_0 TXD —
SSCM DEBUG[2] —
SIUL — EIRQ[17]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
A15 C[10] SIuL GPIO[42] GPIO[42]
DSPI_2 CS2 —
FlexPWM_0 A3] A3]
FlexPWM_0 — FAULT[1]
A16 Vss_Hv_I0_RING —
A17 Vss_Hv_I0_RING —
B1 Vss_Hv_I0_RING —
B2 Vss_Hv_I0_RING —
B3 B[6] SIuL GPIO[22] GPIO[22]
MC_CGM clk_out —
DSPI_2 CS2 —
SIUL — EIRQ[18]
B4 A[14] SIUL GPIO[14] GPIO[14]
FlexCAN_1 TXD —
eTimer_1 ETC[4] ETC[4]
SIUL — EIRQ[13]
B5 F[3] SIuL GPIO[83] GPIO[83]
DSPI_0 CSé —
B6 A[9] SIuL GPIO[9] GPIO[9]
DSPI_2 CSH —
FlexPWM_0 B[3] B3]
FlexPWM_0 — FAULTIO]
B7 D[4] SIuL GPIO[52] GPIO[52]
FlexRay CB_TR_EN —
eTimer_1 ETC[5] ETC[5]
FlexPWM_0 B[3] B3]
B8 DI[0] SIUL GPIO[48] GPIO[48]
FlexRay CA_TX —
eTimer_1 ETC[1] ETC[1]
FlexPWM_0 B[1] B[1]
B9 Vss_Hv_I0_RING —
B10 H[12] SIUL GPIO[124] GPIO[124]
FlexPWM_1 B[2] B[2]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
B11 E[15] SIUL GPIO[79] GPIO[79]
DSPI_0 CS1 —
SIUL — EIRQ[27]
B12 E[14] SIUL GPIO[78] GPIO[78]
eTimer_1 ETC[5] ETC[5]
SIUL — EIRQ[26]
B13 B[3] SIUL GPIO[19] GPIO[19]
SSCM DEBUGI3] —
LINFlexD_0 — RXD
B14 F[13] SIUL GPIO[93] GPIO[93]
eTimer_1 ETC[4] ETC[4]
SIUL — EIRQ[31]
B15 B[O] SIUL GPIO[16] GPIO[16]
FlexCAN_O TXD —
eTimer_1 ETC[2] ETC[2]
SSCM DEBUGI0] —
SIUL — EIRQ[15]
B16 Vbp_Hv_I0_RING —
B17 Vss_Hv_I0_RING —
C1 Vbp_Hv_I0_RING —
c2 Not connected —
C3 Vss_Hv_I0_RING —
C4 FCCU_F[1] FCCU F[1] F[1]
C5 D[2] SIUL GPIO[50] GPIO[50]
eTimer_1 ETC[3] ETC[3]
FlexPWM_0 X[3] X[3]
FlexRay — CB_RX
cé A[13] SIUL GPIO[13] GPIO[13]
FlexPWM_0 B[2] B[2]
DSPI_2 — SIN
FlexPWM_0 — FAULTIO]
SIUL — EIRQ[12]
C7 VbD_HV_REG_2 —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
c8 Vbp_Hv_REG 2 —
C9 I[0] SIUL GPIO[128] GPIO[128]
eTimer_2 ETCIO] ETCIO]
DSPI_0O CS4 —
FlexPWM_1 — FAULTI[O]
C10 JCOMP — — JCOMP
C11 H[11] SIUL GPIO[123] GPIO[123]
FlexPWM_1 Al2] Al2]
C12 I[1] SIUL GPIO[129] GPIO[129]
eTimer_2 ETC[1] ETC[1]
DSPI_0O CS5 —
FlexPWM_1 — FAULT[1]
C13 F[14] SIUL GPIO[94] GPIO[94]
LINFlexD_1 TXD —
C14 B[1] SIUL GPIO[17] GPIO[17]
eTimer_1 ETC[3] ETC[3]
SSCM DEBUGI1] —
FlexCAN_O — RXD
FlexCAN_1 — RXD
SIUL — EIRQ[16]
C15 Vss_Hv_I0_RING —
C16 Al4] SIUL GPIO[4] GPIO[4]
eTimer_1 ETCI[O] ETC[O]
DSPI_2 CS1 —
eTimer_0 ETC[4] ETC[4]
MC_RGM — FAB
SIUL — EIRQ[4]
C17 F[12] SIUL GPIO[92] GPIO[92]
eTimer_1 ETC[3] ETC[3]
SIUL — EIRQ[30]
D1 F[5] SIUL GPIO[85] GPIO[85]
NPC MDO[2] -
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
D2 F[4] SIUL GPIO[84] GPIO[84]
NPC MDO[3] —
D3 A[15] SIUL GPIO[15] GPIO[15]
eTimer_1 ETC[5] ETC[5]
FlexCAN_1 — RXD
FlexCAN_O — RXD
SIUL — EIRQ[14]
D4 C[6] SIUL GPIO[38] GPIO[38]
DSPI_0 SOuUT —
FlexPWM_0 B[1] B[1]
SSCM DEBUGI6] —
SIUL — EIRQ[24]
D5 | Vss v _CORE RING —
D6 | Vpp_ Lv_coRE_RING —
D7 F[0] SIUL GPIO[80] GPIO[80]
FlexPWM_0 Al1] Al1]
eTimer_0 — ETC[2]
SIUL — EIRQ[28]
D8 Vbp_Hv_I0_RING —
D9 Vss_Hv_I0_RING —
D10 Not connected —
D11 Al11] SIUL GPIO[11] GPIO[11]
DSPI_2 SCK SCK
FlexPWM_0 A[0O] A[0O]
FlexPWM_0 Al2] Al2]
SIuL — EIRQ[10]
D12 E[13] SIUL GPIO[77] GPIO[77]
eTimer_0 ETC[5] ETC[5]
DSPI_2 CS3 —
SIUL — EIRQ[25]
D13 F[15] SIUL GPIO[95] GPIO[95]
LINFlexD_1 — RXD
D14 VDD _Hv_I0_RING —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
D15 Vep_TEST' —
D16 D[14] SIUL GPIO[62] GPIO[62]
FlexPWM_0 B[1] B[1]
eTimer_0 — ETC[3]
D17 G[3] SIUL GPIO[99] GPIO[99]
FlexPWM_0 Al2] Al2]
eTimer_0 — ETC[4]
E1 MDOO —
E2 F[6] SIUL GPIO[86] GPIO[86]
NPC MDOI[1] —
E3 D[1] SIUL GPIO[49] GPIO[49]
eTimer_1 ETC[2] ETC[2]
CTU_O EXT_TGR —
FlexRay — CA_RX
E4 NMI —
E14 Not connected —
E15 C[14] SIUL GPIO[46] GPIO[46]
eTimer_1 ETC[2] ETC[2]
CTU_O EXT_TGR —
E16 G[2] SIUL GPIO[98] GPIO[98]
FlexPWM_0 X[2] X[2]
DSPI_1 CS1 —
E17 I[3] SIUL GPIO[131] GPIO[131]
eTimer_2 ETC[3] ETC[3]
DSPI_0O Cs7 —
CTU_O EXT_TGR —
FlexPWM_1 — FAULT[3]
F1 H[1] SIUL GPIO[113] GPIO[113]
NPC MDO[6] -
F2 G[12] SIuL GPIO[108] GPIO[108]
NPC MDO[11] —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
F3 Al7] SIUL GPIO[7] GPIO[7]
DSPI_1 SOUT —
SIUL — EIRQ[7]
F4 A8] SIUL GPIO[8] GPIO[8]
DSPI_1 — SIN
SIUL — EIRQ[8]
F6 | Vbp_Lv_CORE RING —
F7 | Vbb_Lv_CORE_RING —
F8 | Vbp_Lv_CORE RING —
F9 | Vbp_Lv_coRE RING —
F10 | Vpp_Lv_CORE RING —
F11 | Vbp_Lv_CORE RING —
F12 | Vpp_Lv_CORE RING —
F14 Not connected —
F15 C[13] SIUL GPIO[45] GPIO[45]
eTimer_1 ETC[1] ETC[1]
CTU_O — EXT_IN
FlexPWM_0O — EXT_SYNC
F16 112] SIUL GPIO[130] GPIO[130]
eTimer_2 ETC[2] ETC[2]
DSPI_0 CSé —
FlexPWM_1 — FAULT[2]
F17 G[4] SIUL GPIO[100] GPIO[100]
FlexPWM_0 B[2] B[2]
eTimer_0 — ETC[5]
G1 H[3] SIUL GPIO[115] GPIO[115]
NPC MDO[4] —
G2 Vbp_Hv_I0_RING —
G3 Cl5] SIuL GPIO[37] GPIO[37]
DSPI_0 SCK SCK
SSCM DEBUGI5] —
FlexPWM_0 — FAULTI3]
SIuL — EIRQ[23]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
G4 Al6] SIuL GPIO[6] GPIO[6]
DSPI_1 SCK SCK
SIUL — EIRQ[6]
G6 | VDD_LV_CORE_RING —
G7 | Vss_Lv_CORE_RING —
G8 | Vss_Lv_CORE_RING —
G9 | Vss Lv_CORE RING —
G10 | Vss_ Lv_CORE RING —
G11 | Vss Lv_CORE RING —
G12 | Vpp_ Lv_CORE RING —
G14 D[12] SIUL GPIO[60] GPIO[60]
FlexPWM_0 X[1] X[1]
LINFlexD_1 — RXD
G15 H[13] SIUL GPIO[125] GPIO[125]
FlexPWM_1 X[3] X[3]
eTimer_2 ETC[3] ETCI3]
G16 H[9] SIUL GPIO[121] GPIO[121]
FlexPWM_1 B[1] B[1]
DSPI_0 Cs7 —
G17 G[6] SIUL GPIO[102] GPIO[102]
FlexPWM_0 A3] A3]
H1 G[13] SIUL GPIO[109] GPIO[109]
NPC MDOI[10] —
H2 Vss_Hv_I0_RING —
H3 Cl4] SIUL GPIO[36] GPIO[36]
DSPI_0 CSo CSo
FlexPWM_0 X[1] X[1]
SSCM DEBUG[4] —
SIUL — EIRQ[22]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
H4 A[5] SIuL GPIO[5] GPIO[5]
DSPI_1 CS0 CSo
eTimer_1 ETC[5] ETC[5]
DSPI_0 Cs7 —
SIUL — EIRQ[5]
H6 Vbp_Lv —
H7 Vss v —
H8 Vss v —
H9 Vss v —
H10 Vss v —
H11 Vss v —
H12 Vbp_Lv —
H14 Vss v —
H15 VbD_HV_REG_1 —
H16 VbDp_Hv_FLA —
H17 H[6] SIUL GPIO[118] GPIO[118]
FlexPWM_1 B[0] BI[O0]
DSPI_0 CS5 —
J1 F[7] SIUL GPIO[87] GPIO[87]
NPC MCKO —
J2 G[15] SIUL GPIO[111] GPIO[111]
NPC MDO[8] —
J3 VDD_HV_REG_0 —
J4 VDD_HV_REG_0 —
J6 Vbp_Lv —
J7 Vss v —
J8 Vss v —
J9 Vss v —
J10 Vss Lv —
J11 Vss Lv —
J12 Vpp_Lv —
J14 Vpp_Lv —
J15 VDD_HV_REG_1 —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
J16 Vss_Hv_FLA —
J17 H[15] SIUL GPIO[127] GPIO[127]
FlexPWM_1 BI[3] BI[3]
eTimer_2 ETC[5] ETC[5]
K1 F[9] SIUL GPIO[89] GPIO[89]
NPC MSEO[0] —
K2 F[8] SIUL GPIO[88] GPIO[88]
NPC MSEOQ[1] —
K3 Not connected —
(cutl)
K3 RDY NPC RDY —
(cut2/3) SIUL GPIO[132] GPIO[132]
K4 C[7] SIUL GPIO[39] GPIO[39]
FlexPWM_0 Al1] All]
SSCM DEBUG[7] —
DSPI_0 — SIN
K6 Vbp_Lv —
K7 Vss v -
K8 Vss v -
K9 Vss v -
K10 Vss v -
K11 Vss v -
K12 Vbp_Lv —
K14 Not connected —
K15 HI[8] SIUL GPIO[120] GPIO[120]
FlexPWM_1 Al1] All]
DSPI_0 CSé6 —
K16 H[7] SIUL GPIO[119] GPIO[119]
FlexPWM_1 X[1] X[1]
eTimer_2 ETC[1] ETCI[1]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
K17 A[3] SIUL GPIO[3] GPIO[3]
eTimer_0 ETC[3] ETC[3]
DSPI_2 CSso Cso
FlexPWM_0 B[3] B[3]
MC_RGM — ABS[2]
SIUL — EIRQ[3]
L1 F[10] SIUL GPIO[90] GPIO[90]
NPC EVTO —
L2 F[11] SIUL GPIO[91] GPIO[91]
NPC — EVTI
L3 D[9] SIUL GPIO[57] GPIO[57]
FlexPWM_0 X[0] X[0]
LINFlexD_1 TXD —
L4 Not connected —
L6 Vbp_Lv —
L7 Vss v —
L8 Vss v —
L9 Vss v —
L10 Vss v —
L11 Vss v —
L12 Vbp_Lv —
L14 Not connected —
L15 TCK —
L16 H[4] SIUL GPIO[116] GPIO[116]
FlexPWM_1 X[O0] X[O0]
eTimer_2 ETCI[O] ETC[O]
L17 B[4] SIUL GPIO[20] GPIO[20]
JTAGC TDO —
M1 Vbp_Hv_osc —
M2 Vbp_Hv_I0_RING —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
M3 D[8] SIuL GPIO[56] GPIO[56]
DSPI_1 CSs2 —
eTimer_1 ETC[4] ETC[4]
DSPI_0 CS5 —
FlexPWM_0O — FAULTI3]
M4 Not connected —
M6 Vbp_Lv —
M7 Vbp_Lv —
M8 Vbp_Lv —
M9 Vbp_Lv —
M10 Vbp_Lv —
M11 Vbp_Lv —
M12 Vbp_Lv —
M14 C[11] SIuL GPIO[43] GPIO[43]
eTimer_0 ETC[4] ETC[4]
DSPI_2 CS2 —
M15 B[5] SIuL GPIO[21] GPIO[21]
JTAGC — TDI
M16 TMS —
M17 H[5] SIuL GPIO[117] GPIO[117]
FlexPWM_1 A[O] A[O]
DSPI_0 CS4 —
N1 XTAL —
N2 Vss_Hv_I0_RING —
N3 D[5] SIUL GPIO[53] GPIO[53]
DSPI_0 CS3 —
FlexPWM_0O — FAULT[2]
N4 Vss_Lv_PLLO_PLL1 —
N14 Not connected —
N15 C[12] SIUL GPIO[44] GPIO[44]
eTimer_0 ETC[5] ETC[5]
DSPI_2 CS3 —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
N16 A2] SIUL GPIO[2] GPIO[2]
eTimer_0 ETC[2] ETC[2]
FlexPWM_0 A[3] A[3]
DSPI_2 — SIN
MC_RGM — ABS[0]
SIUL — EIRQ[2]
N17 G[5] SIUL GPIO[101] GPIO[101]
FlexPWM_0 X[3] X[3]
DSPI_2 CS3 —
P1 Vss_Hv_osc -
P2 RESET —
P3 D[6] SIUL GPIO[54] GPIO[54]
DSPI_0 CS2 —
FlexPWM_0 X[3] X[3]
FlexPWM_0O — FAULT[1]
P4 VbD_Lv_PLLO_PLL1 —
P5 | Vbp_Lv_CORE RING —
P6 | Vss v _core RING —
P7 B8] SIUL — GPIO[24]
eTimer_0 — ETC[5]
ADC_0 — AN[1]
P8 Not connected —
P9 Vss_Hv_I0_RING —
P10 Vbp_Hv_I0_RING —
P11 B[14] SIUL — GPIO[30]
eTimer_0 — ETC[4]
SIUL — EIRQ[19]
ADC_1 — AN[1]
P12 | Vpp_Lv_core_RING —
P13 | Vss Lv_coRe RiNG —
P14 VDD_HV_IO_RING —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
P15 G[10] SIUL GPIO[106] GPIO[1086]
FlexRay DBG2 —
DSPI_2 CS3 —
FlexPWM_0 — FAULT[2]
P16 G[8] SIUL GPIO[104] GPIO[104]
FlexRay DBGO —
DSPI_0O CS1 —
FlexPWM_0 — FAULTI[O]
SIUL — EIRQ[21]
P17 G[7] SIUL GPIO[103] GPIO[103]
FlexPWM_0 B[3] B[3]
R1 EXTAL —
R2 FCCU_FIO0] FCCU F[O] F[O]
R3 Vss_Hv_I0_RING —
R4 D[7] SIUL GPIO[55] GPIO[55]
DSPI_1 CS3 —
DSPI_0O CS4 —
SWG analog output —
R5 B[7] SIUL — GPIO[23]
LINFlexD_0 — RXD
ADC_0 — AN[O]
R6 E[6] SIUL — GPIO[70]
ADC_0 — AN[4]
R7 Vbp_Hv_ADRO —
R8 B[10] SIUL — GPI0[26]
ADC_0 — AN[12]
ADC_1
R9 VDD_HV_ADRT —
R10 B[13] SIUL — GPIO[29]
LINFlexD_1 — RXD
ADC_1 — AN[O0]
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
R11 B[15] SIuL — GPIO[31]
SIUL — EIRQ[20]
ADC_1 — AN[2]
R12 C[0] SIUL — GPIO[32]
ADC_1 — AN[3]
R13 BCTRL —
R14 Al1] SIUL GPIO[1] GPIO[1]
eTimer_0 ETC[1] ETC[1]
DSPI_2 SOuUT —
SIUL — EIRQ[1]
R15 Vss_Hv_I0_RING —
R16 D[11] SIUL GPIO[59] GPIO[59]
FlexPWM_0 B[O] B[O]
eTimer_0 — ETC[1]
R17 G[9] SIUL GPIO[105] GPIO[105]
FlexRay DBG1 —
DSPI_1 CS1 —
FlexPWM_0 — FAULT[1]
SIUL — EIRQ[29]
T Vss_Hv_I0_RING -
T2 Vbp_Hv_I0_RING —
T3 Not connected —
T4 C[1] SIUL — GPIO[33]
ADC_0 — AN[2]
T5 E[5] SIUL — GPIO[69]
ADC_0 — AN[8]
T6 E[7] SIUL — GPIO[71]
ADC_0 — AN[6]
T7 Vss_Hv_ADRo —
T8 B[11] SIUL — GPIO[27]
ADC_0 — AN[13]
ADC_1
9 Vss_Hv_ADR1 -
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
T10 E[9] SIUL — GPIO[73]
ADC_1 — AN[7]
T11 E[10] SIUL — GPIO[74]
ADC._1 — AN[8]
T12 E[12] SIuL — GPIO[76]
ADC._1 — AN[6]
T13 E[0] SIUL — GPIO[64]
ADC_1 — AN[5]
T14 A[0] SIUL GPIO[0] GPIO[0]
eTimer_0 ETCIO] ETC[O]
DSPI_2 SCK SCK
SIUL — EIRQ[O]
T15 D[10] SIUL GPIO[58] GPIO[58]
FlexPWM_0 A0O] AO]
eTimer_0 — ETC[O]
T16 Vbp_Hv_I0_RING —
7 Vss_Hv_I0_RING —
Ut Vss_Hv_I0_RING —
U2 Vss_Hv_I0_RING —
u3 Not connected —
U4 E[4] SIUL — GPIO[68]
ADC_0 — AN[7]
us C[2] SIUL — GPIO[34]
ADC_0 — AN[3]
U6 E[2] SIUL — GPIO[66]
ADC_0 — AN[5]
u7 B[9] SIUL — GPIO[25]
ADC_0 — AN[11]
ADC_1
us B[12] SIUL — GPIO[28]
ADC_0 — AN[14]
ADC_1
U9 VbD_Hv_ADV —
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Chapter 3 Signal Description

Table 3-2. 257 MAPBGA pin function summary (continued)

Pin # Port/function Peripheral Output function Input function
u10 Vss_Hv_ADv —
Ut E[11] SIUL — GPIO[75]
ADC_1 — AN[4]
ui2 Not connected —
uU13 Not connected —
U14 Vbp_Hv_PMU —
uts G[11] SIUL GPIO[107] GPIO[107]
FlexRay DBG3 —
FlexPWM_0 — FAULT[3]
u16 Vss_Hv_I0_RING —
u17 Vss_Hv_I0_RING —
1 Vpp TEST Should always be tied to ground (Vgg) for normal operations.
3.2  Supply pins
Table 3-3. Supply pins
Supply Pin #
Symbol Description :):; rz)i;
VREG control and power supply pins
BCTRL Voltage regulator external NPN ballast base control pin 69 R13
Vpp_Lv cor | Core logic supply 70 | vDD_LV!
Vss v cor |Core regulator ground 71 | VSS_LV?
Vpp_Hv pmu | Voltage regulator supply 72 ui4
ADC_0/ADC_1 reference voltage and ADC supply
Vpp_Hv_apro |ADC_O high reference voltage 50 R7
Vss Hv apro |ADC_O low reference voltage 51 T7
Vpp_Hv_apr1 |ADC_1 high reference voltage 56 R9
Vss Hv apri1 |ADC_1 low reference voltage 57 T9
Vpp_Hv apv | ADC voltage supply for ADC_0 and ADC_1 58 U9
Vss Hv apv | ADC ground for ADC_0 and ADC_1 59 u1o
Power supply pins (3.3 V)
Vpp Hv 10 |3-3 V Input/Output supply voltage 6 |VDD_HV®
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Chapter 3 Signal Description

Table 3-3. Supply pins (continued)

Supply Pin #
I 144 257
Symbol Description
y P pkg | pkg
Vss Hv 1o |3-3V Input/Output ground 7 | VSS_HV*4
Vpp Hv ReG o | VYDD_HV_REG_0 16 J3
Vpp Hv 10 |3-3 V Input/Output supply voltage 21 |VDD_HV®
Vss Hv 1o |3-3V Input/Output ground 22 | VSS_HV*
Vpp_Hv osc | Crystal oscillator amplifier supply voltage 27 M1
Vss Hv osc | Crystal oscillator amplifier ground 28 P1
Vss Hv 10 |3-3 V Input/Output ground 90 |VSS_HV*4
Vpp Hv 10 |3-3 V Input/Output supply voltage 91 |VDD_HV3
Vop_Hv_Rec_1 |VDD_HV_REG_1 95 H15
Vss Hv FLa | VSS_HV_FLA 96 J16
Vpp Hv FLa | VDD_HV_FLA 97 H16
Vpp Hv 10 |VDD_HV_IO 126 |VDD_HV®
Vss v 1o | VSS_HV_IO 127 | VSS_HV*
Vpp Hv Reg 2 | VDD_HV_REG_2 130 Cc7
Power supply pins (1.2 V)
Vss v cor |VSS_LV_COR 17 | VSS_HV?
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor Pin.
Vpp_ v cor |VDD_LV_COR 18 | vDD_LV'
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vgg |y cor pin.
Vgg 1V2 VSS_LV_PLLO_PLL1/ 35 N4
1.2 V Decoupling pins for on-chip FMPLL modules. Decoupling
capacitor must be connected between this pin and Vpp |y pi.
Vpp 1V2 VDD_LV_PLLO_PLLA1 36 P4
Decoupling pins for on-chip FMPLL modules. Decoupling capacitor must
be connected between this pin and Vgg v piL.
Vpp_ v cor |VDD_LV_COR 39 |vDD_LV'
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vgg |y cor pin.
Vss v cor | VSS_LV_COR 40 | VSS_LV?
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor pin.
Vpp_ v cor | VDD_LV_COR 70 | vDD_LV'
Decoupling pins for core logic and Regulator feedback. Decoupling
capacitor must be connected between this pins and Vgs |v ReGCOR.
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Chapter 3 Signal Description

Table 3-3. Supply pins (continued)

Supply Pin #
Symbol Description :):; rz)i;
Vss v cor | VSS_LV_REGCORO 71 | VSS_LV?

Decoupling pins for core logic and Regulator feedback. Decoupling
capacitor must be connected between this pins and Vpp |v REGCOR.

Vpp_ v cor |VDD_LV_COR 93 | vDD_LV!
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vgg |y cor pin.

Vss v cor |VSS_LV_COR 94 | VSS_LV?
/1.2 V Decoupling pins for core logic. Decoupling capacitor must be
connected between these pins and the nearest Vpp |v_coR pin.

Vpp 1V2 VDD_LV_COR 131 | vDD_LV!
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor Pin.

Vgg 1V2 VSS_LV_COR 132 | VSS_LV?
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor Pin.

Vpp 1V2 VDD_LV_COR/ 135 | vDD_LV'
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor pin.

Vgg 1V2 VSS_LV_COR/ 137 | VSS_LV?
Decoupling pins for core logic. Decoupling capacitor must be connected
between these pins and the nearest Vpp |y cor Pin.

VDD_LV balls are tied together on the 257 MAPBGA substrate.
VSS_LV balls are tied together on the 257 MAPBGA substrate.
VDD_HV balls are tied together on the 257 MAPBGA substrate.
VSS_HV balls are tied together on the 257 MAPBGA substrate.

AW N =

3.3 System pins

Table 3-4. System pins

Pin #
Symbol Description Direction 144 | 257
Pkg | pkg
Dedicated pins
MDOO' Nexus Message Data Output — line Output only 9 E1
NMP2 Non Maskable Interrupt Input only 1 E4
XTAL Input for oscillator amplifier circuit and internal clock generator Input only 29 N1
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Chapter 3 Signal Description

Table 3-4. System pins (continued)

Pin #
Symbol Description Direction 144 | 257
Pkg | pkg
EXTALS Oscillator amplifier output Input/Output* 30 | R1
TMS? JTAG state machine control Input only 87 | M16
TCK? JTAG clock Input only 88 | L15
JCOMP® JTAG compliance select Input only 123 | C10
Reset pin
RESET Bidirectional reset with Schmitt-Trigger characteristics and noise filter. | Bidirectional 31 P2
This pin has medium drive strength. Output drive is open drain and
must be terminated by an external resistor of value 1KOhm.®
Test pin
VPP TEST | Pin for testing purpose only. To be tied to ground in normal 107 | D15
operating mode.

This pad is configured for Fast (F) pad speed.
This pad contains a weak pull-up.
EXTAL is an "Output” in "crystal" mode, and is an "Input" in "ext clock" mode.

In XOSC Bypass Mode, the analog portion of crystal oscillator (amplifier) is disabled. An external clock can be applied
at EXTAL as an input. In XOSC Normal Mode, EXTAL is an output

This pad contains a weak pull-down.
RESET output shall be considered valid only after the 3.3V supply reaches its stable value.

N I N R

o o

NOTE
None of system pins (except RESET) provides an open drain output.

3.4 Pin muxing
Table 3-5 defines the pin list and muxing for this device.

Each entry of Table 3-5 shows all the possible configurations for each pin, via the alternate functions. The
default function assigned to each pin after reset is indicated by ALTO.

NOTE

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 “Reserved” are to be tied to ground. Not doing so may cause
unpredictable device behavior.

MPC5643L Microcontroller Reference Manual, Rev. 9

112 Freescale Semiconductor



1019NpUODIWSS 8|eoS98I

€L

6 "AaY ‘lenuepy asualaydy J9[|0JJUOI0IIIN TEFISIHIN

Table 3-5. Pin muxing

Weak pull | Pad speed’ Pin #
Alternate ;
Port PCR Peripheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
Port A
A[0] PCR[0] SIUL GPIOI0] ALTO GPIO[0] — — M S 73 | T14
eTimer_0 ETC[O] ALT1 ETC[0] PSMI[35];
PADSEL=0
DSPI_2 SCK ALT2 SCK PSMI[1];
PADSEL=0
SIUL — — EIRQ[O] —
Al1] PCR[1] SIUL GPIO[1] ALTO GPIO[1] — — M S 74 | R14
eTimer_0 ETC[1] ALTA1 ETC[1] PSMI[36];
PADSEL=0
DSPI_2 SOUT ALT2 — —
SIUL — — EIRQ[1] —
Al2] PCR[2] SIUL GPIO[2] ALTO GPIO[2] — Pull down M S 84 | N16
eTimer_0 ETC[2] ALTA1 ETC[2] PSMI[37];
PADSEL=0
FlexPWM_0 A[3] ALT3 A[3] PSMI[23];
PADSEL=0
DSPI_2 — — SIN PSMI[2];
PADSEL=0
MC_RGM — — ABS[0] —
SIUL — — EIRQ[2] —

Buixnw uid



141

1010NpUODIWSS 8[BdS98l

6 "\3Y ‘|ENUB 99U3I3J9Y 49]|0JUOI0IIN TEFISIHIN

Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
A[3] PCRI[3] SIUL GPIO[3] ALTO GPIO[3] — Pull down M S 92 | K17
eTimer_0 ETC[3] ALTA1 ETC[3] PSMI[38];
PADSEL=0
DSPI_2 CSo ALT2 CSo PSMI[3];
PADSEL=0
FlexPWM_0 B[3] ALT3 B[3] PSMI[27];
PADSEL=0
MC_RGM — — ABS[2] —
SIUL — — EIRQ[3] —
Al4] PCR[4] SIUL GPIO[4] ALTO GPIO[4] — Pull down M S 108 | C16
eTimer_1 ETC[0] ALTA1 ETC[0] PSMI[9];
PADSEL=0
DSPI_2 CS1 ALT2 — —
eTimer_0 ETC[4] ALT3 ETC[4] PSMI[7];
PADSEL=0
MC_RGM — — FAB —
SIUL — — EIRQ[4] —
A[5] PCRI[5] SIUL GPIO[5] ALTO GPIO[5] — — M S 14 | H4
DSPI_1 CSo ALT1 CSo —
eTimer_1 ETC[5] ALT2 ETC[5] PSMI[14];
PADSEL=0
DSPI_0O CS7 ALT3 — —
SIUL — — EIRQ[5] —
A[6] PCRI[6] SIUL GPIO[6] ALTO GPIO[6] — — M S 2 G4
DSPI_1 SCK ALT1 SCK —
SIUL — — EIRQ[6] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
Al7] PCR[7] SIUL GPIO[7] ALTO GPIO[7] — — M S 10 | F3
DSPI_1 SOUT ALT1 — —
SIUL — — EIRQ[7] —
A[8] PCRI[8] SIUL GPIOI[8] ALTO GPIO[8] — — M S 12 | F4
DSPI_1 — — SIN —
SIUL — — EIRQ[8] —
A[9] PCRI[9] SIUL GPIO[9] ALTO GPIO[9] — — M S 134 | B6
DSPI_2 CS1 ALT1 — —
FlexPWM_0 B[3] ALT3 B[3] PSMI[27];
PADSEL=1
FlexPWM_0 — — FAULTI[O] PSMI[16];
PADSEL=0
A[10] | PCR[10] SIUL GPIO[10] ALTO GPIO[10] — — M S 118 | A13
DSPI_2 CSo ALTA1 CSo PSMI[3];
PADSEL=1
FlexPWM_0 B[0] ALT2 B[0] PSMI[24];
PADSEL=0
FlexPWM_0 X[2] ALT3 X[2] PSMI[29];
PADSEL=0
SIUL — — EIRQ[9] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
A[11] | PCR[11] SIUL GPIO[11] ALTO GPIO[11] — — M S 120 | D11
DSPI_2 SCK ALTAH SCK PSMI[1];
PADSEL=1
FlexPWM_0 A[O] ALT2 A[0] PSMI[20];
PADSEL=0
FlexPWM_0 Al2] ALT3 Al2] PSMI[22];
PADSEL=0
SIUL — — EIRQ[10] —
A[12] | PCR[12] SIUL GPIO[12] ALTO GPIO[12] — — M S 122 | A10
DSPI_2 SOUT ALT1 — —
FlexPWM_0 Al2] ALT2 Al2] PSMI[22];
PADSEL=1
FlexPWM_0 B[2] ALT3 B[2] PSMI[26];
PADSEL=0
SIUL — — EIRQ[11] —
A[13] | PCR[13] SIUL GPIO[13] ALTO GPIO[13] — — M S 136 | C6
FlexPWM_0 B[2] ALT2 B[2] PSMI[26];
PADSEL=1
DSPI_2 — — SIN PSMI[2];
PADSEL=1
FlexPWM_0 — — FAULT[O] PSMI[16];
PADSEL=1
SIUL — — EIRQ[12] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
A[14] | PCR[14] SIUL GPIO[14] ALTO GPIO[14] — — M S 143 | B4
FlexCAN_1 TXD ALTAH — —
eTimer_1 ETC[4] ALT2 ETC[4] PSMI[13];
PADSEL=0
SIUL — — EIRQ[13] —
A[15] | PCR[15] SIUL GPIO[15] ALTO GPIO[15] — — M S 144 | D3
eTimer_1 ETCI[5] ALT2 ETCI[5] PSMI[14];
PADSEL=1
FlexCAN_1 — — RXD PSMI[34];
PADSEL=0
FlexCAN_O — — RXD PSMI[33];
PADSEL=0
SIUL — — EIRQ[14] —
Port B
B[0] PCR[16] SIUL GPIO[16] ALTO GPIO[16] — — M S 109 | B15
FlexCAN_O TXD ALTAH — —
eTimer_1 ETC[2] ALT2 ETC[2] PSMI[11];
PADSEL=0
SSCM DEBUGIO0] ALT3 — —
SIUL — — EIRQ[15] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
B[1] PCR[17] SIUL GPIO[17] ALTO GPIO[17] — — M S 110 | C14
eTimer_1 ETC[3] ALT2 ETC[3] PSMI[12];
PADSEL=0
SSCM DEBUG[1] ALT3 — —
FlexCAN_O — — RXD PSMI[33];
PADSEL=1
FlexCAN_1 — — RXD PSMI[34];
PADSEL=1
SIUL — — EIRQ[16] —
B[2] PCR[18] SIUL GPIO[18] ALTO GPIO[18] — — M S 114 | A14
LINFlexD_0 TXD ALT1 — —
SSCM DEBUGI2] ALT3 — —
SIUL — — EIRQ[17] —
B[3] PCR[19] SIUL GPIO[19] ALTO GPIO[19] — — M S 116 | B13
SSCM DEBUGI3] ALT3 — —
LINFlexD_0 — — RXD PSMI[31];
PADSEL=0
B[4]?> | PCR[20] SIUL GPIO[20] ALTO GPIO[20] — — F S 89 | L17
JTAGC TDO ALT1 — —
B[5] PCR[21] SIUL GPIO[21] ALTO GPIO[21] — Pull up M S 86 | M15
JTAGC — — TDI —
B[6] PCR[22] SIUL GPIO[22] ALTO GPIO[22] — — F S 138 | B3
MC_CGM clk_out ALTA — —
DSPI_2 CSs2 ALT2 — —
SIUL — EIRQ[18] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
B[7] PCR[23] SIUL — ALTO GPI[23] — — — — 43 | R5
LINFlexD_0 — — RXD PSMI[31];
PADSEL=1
ADC_0 — — AN[0}® —
B[8] PCR[24] SIUL — ALTO GPI[24] — — — — 47 | P7
eTimer_0 — — ETC[5] PSMI[8];
PADSEL=2
ADC_0 — — AN[1]® —
B[9] PCR[25] SIUL — ALTO GPI[25] — — — — 52 | U7
ADC_0 — — AN[11]3 —
ADC_1
B[10] | PCRI[26] SIUL — ALTO GPI[26] — — — — 53 | R8
ADC_0 — — AN[12]3 —
ADC_1
B[11] | PCR[27] SIUL — ALTO GPI[27] — — — — 54 | T8
ADC_0 — — AN[13]3 —
ADC_1
B[12] | PCRI[28] SIUL — ALTO GPI[28] — — — — 55 | U8
ADC_0 — — AN[14]3 —
ADC_1
B[13] | PCRI[29] SIUL — ALTO GPI[29] — — — — 60 | R10
LINFlexD_1 — — RXD PSMI[32];
PADSEL=0
ADC_1 — — AN[0}® —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
B[14] | PCRI[30] SIUL — ALTO GPI[30] — — — — 64 | P11
eTimer_0 — — ETC[4] PSMI[7];
PADSEL=2
SIUL — — EIRQ[19] —
ADC_1 — — AN[1]® _
B[15] | PCR[31] SIUL — ALTO GPI[31] — — — — 62 | R11
SIUL — — EIRQ[20] —
ADC_1 — — AN[2]3 —
Port C
C[0] PCR[32] SIUL — ALTO GPI[32] — — — — 66 | R12
ADC_1 — — AN[3]® —
C[1] PCR[33] SIUL — ALTO GPI[33] — — — — 41 | T4
ADC_0 — — AN[2]3 —
Cl[2] PCR[34] SIUL — ALTO GPI[34] — — — — 45 | U5
ADC_0 — — AN[3]® —
C[4] PCR[36] SIUL GPIO[36] ALTO GPIO[36] — — M S 11 H3
DSPI_0 CSo ALTAH CSo —
FlexPWM_0 X[1] ALT2 X[1] PSMI[28];
PADSEL=0
SSCM DEBUGI[4] ALT3 — —
SIUL — — EIRQ[22] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
C[5] PCR[37] SIUL GPIO[37] ALTO GPIO[37] — — M S 13 | G3
DSPI_0O SCK ALT1 SCK —
SSCM DEBUGI5] ALT3 — —
FlexPWM_0 — — FAULT[3] PSMI[19];
PADSEL=0
SIUL — — EIRQ[23] —
C[6] PCR[38] SIUL GPIO[38] ALTO GPIO[38] — — M S 142 | D4
DSPI_0 SOUT ALT1 — —
FlexPWM_0 B[1] ALT2 B[1] PSMI[25];
PADSEL=0
SSCM DEBUGI6] ALT3 — —
SIUL — — EIRQ[24] —
C[7] PCR[39] SIUL GPIO[39] ALTO GPIO[39] — — M S 15 | K4
FlexPWM_0 Al1] ALT2 A[1] PSMI[21];
PADSEL=0
SSCM DEBUGI[7] ALT3 — —
DSPI_O — — SIN —
C[10] | PCR[42] SIUL GPIO[42] ALTO GPIO[42] — — M S 111 | A15
DSPI_2 CSs2 ALT1 — —
FlexPWM_0 A[3] ALT3 A[3] PSMI[23];
PADSEL=1
FlexPWM_0 — — FAULT[1] PSMI[17];
PADSEL=0
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
C[11] | PCR[43] SIUL GPIO[43] ALTO GPIO[43] — — M S 80 | M14
eTimer_0 ETC[4] ALTA1 ETC[4] PSMI[7];
PADSEL=1
DSPI_2 Cs2 ALT2 — —
C[12] | PCR[44] SIUL GPIO[44] ALTO GPI0O[44] — — M S 82 | N15
eTimer_0 ETCI[5] ALTH ETCI5] PSMI[8];
PADSEL=0
DSPI_2 CS3 ALT2 — —
C[13] | PCR[45] SIUL GPIO[45] ALTO GPIO[45] — — M S 101 | F15
eTimer_1 ETC[1] ALTA1 ETC[1] PSMI[10];
PADSEL=0
CTU_O — — EXT_IN PSMI[O];
PADSEL=0
FlexPWM_0 — — EXT_SYNC PSMI[15];
PADSEL=0
C[14] | PCR[46] SIUL GPIO[46] ALTO GPIO[46] — — M S 103 | E15
eTimer_1 ETC[2] ALTA1 ETC[2] PSMI[11];
PADSEL=1
CTU_O EXT_TGR ALT2 — —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
C[15] | PCR[47] SIUL GPIO[47] ALTO GPIO[47] — — SYM| S 124 | A8
FlexRay CA_TR_EN ALT1 — —
eTimer_1 ETC[O] ALT2 ETC[O] PSMI[9];
PADSEL=1
FlexPWM_0 A[1] ALT3 Al1] PSMI[21];
PADSEL=1
CTU_O — — EXT_IN PSMI[O];
PADSEL=1
FlexPWM_0 — — EXT_SYNC PSMI[15];
PADSEL=1
Port D
D[0] PCR[48] SIUL GPIO[48] ALTO GPIO[48] — — SYM| S 125 | B8
FlexRay CA_TX ALT1 — —
eTimer_1 ETC[1] ALT2 ETC[1] PSMI[10];
PADSEL=1
FlexPWM_0 B[1] ALT3 B[1] PSMI[25];
PADSEL=1
D[1] PCR[49] SIUL GPIO[49] ALTO GPIO[49] — — M S 3 E3
eTimer_1 ETC[2] ALT2 ETC[2] PSMI[11];
PADSEL=2
CTU_O EXT_TGR ALT3 — —
FlexRay — — CA_RX —

Buixnw uid



el

1010NpUODIWSS 8[BdS98l

6 "\3Y ‘|ENUB 99U3I3J9Y 49]|0JUOI0IIN TEFISIHIN

Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
D[2] PCR[50] SIUL GPIO[50] ALTO GPIO[50] — — M S 140 | C5
eTimer_1 ETC[3] ALT2 ETC[3] PSMI[12];
PADSEL=1
FlexPWM_0 X[3] ALT3 X[3] PSMI[30];
PADSEL=0
FlexRay — — CB_RX —
D[3] PCR[51] SIUL GPIO[51] ALTO GPIO[51] — — SYM| S 128 | A7
FlexRay CB_TX ALT1 — —
eTimer_1 ETC[4] ALT2 ETC[4] PSMI[13];
PADSEL=1
FlexPWM_0 A[3] ALT3 A[3] PSMI[23];
PADSEL=2
D[4] PCR[52] SIUL GPIO[52] ALTO GPIO[52] — — SYM| S 129 | B7
FlexRay CB_TR_EN ALT1 — —
eTimer_1 ETC[5] ALT2 ETC[5] PSMI[14];
PADSEL=2
FlexPWM_0 B[3] ALT3 B[3] PSMI[27];
PADSEL=2
D[5] PCR[53] SIUL GPIO[53] ALTO GPIO[53] — — M S 33 | N3
DSPI_0 CS3 ALT1 — —
FlexPWM_0 — — FAULT[2] PSMI[18];
PADSEL=0
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
D[6] PCR[54] SIUL GPIO[54] ALTO GPIO[54] — — M S 34 | P3
DSPI_0O CSs2 ALT1 — —
FlexPWM_0 X[3] ALT3 X[3] PSMI[30];
PADSEL=1
FlexPWM_0 — — FAULT[1] PSMI[17];
PADSEL=1
D[7] PCR[55] SIUL GPIO[55] ALTO GPIO[55] — — M S 37 | R4
DSPI_1 CS3 ALT1 — —
DSPI_0 CS4 ALT3 — —
SWG analog output — — —
D[8] PCR[56] SIUL GPIO[56] ALTO GPIO[56] — — M S 32 | M3
DSPI_1 CSs2 ALT1 — —
eTimer_1 ETC[4] ALT2 ETC[4] PSMI[13];
PADSEL=2
DSPI_0 CS5 ALT3 — —
FlexPWM_0 — — FAULT[3] PSMI[19];
PADSEL=1
D[9] PCR[57] SIUL GPIO[57] ALTO GPIO[57] — — M S 26 | L3
FlexPWM_0 X[0] ALT1 X[0] —
LINFlexD_1 TXD ALT2 — —
D[10] | PCR[58] SIUL GPIO[58] ALTO GPIO[58] — — M S 76 | T15
FlexPWM_0 A[O] ALT1 A[0] PSMI[20];
PADSEL=1
eTimer_0 — — ETC[O] PSMI[35];
PADSEL=1
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
D[11] | PCRI[59] SIUL GPIO[59] ALTO GPIO[59] — — M S 78 | R16
FlexPWM_0 B[0] ALT1 B[0] PSMI[24];
PADSEL=1
eTimer_0 — — ETC[1] PSMI[36];
PADSEL=1
D[12] | PCRI[60] SIUL GPI0[60] ALTO GPIO[60] — M S 99 | G14
FlexPWM_0 X[1] ALT1 X[1] PSMI[28];
PADSEL=1
LINFlexD_1 — — RXD PSMI[32];
PADSEL=1
D[14] | PCR[62] SIUL GPI10[62] ALTO GPIO[62] — — M S 105 | D16
FlexPWM_0 B[1] ALTAH B[1] PSMI[25];
PADSEL=2
eTimer_0 — — ETCI[3] PSMI[38];
PADSEL=1
Port E
E[0] PCR[64] SIUL — ALTO GPI[64] — — — — 68 | T13
ADC_1 — — AN[5]3 —
E[2] PCR[66] SIUL — ALTO GPI[66] — — — — 49 | Ue
ADC_0 — — AN[5]3 —
E[4] PCR[68] SIUL — ALTO GPI[68] — — — — 42 | U4
ADC_0 — — AN[7]3 —
E[5] PCR[69] SIUL — ALTO GPI[69] — — — — 44 | T5
ADC_0 — — AN[8]® —
E[6] PCR[70] SIUL — ALTO GPI[70] — — — — 46 | R6
ADC_0 — — AN[4]3 —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
E[7] PCR[71] SIUL — ALTO GPI[71] — — — — 48 | T6
ADC_0 — — AN[6]3 —
E[9] PCR[73] SIUL — ALTO GPI[73] — — — — 61 | T10
ADC_1 — — AN[7]3 —
E[10] | PCR[74] SIUL — ALTO GPI[74] — — — — 63 | T11
ADC_1 — — AN[8]3 —
E[11] | PCR[75] SIUL — ALTO GPI[75] — — — — 65 | U1t
ADC_1 — — AN[4]3 —
E[12] | PCR[76] SIUL — ALTO GPI[76] — — — — 67 | T12
ADC _1 — — AN[6]3 —
E[13] | PCR[77] SIUL GPIO[77] ALTO GPIO[77] — — M S 117 | D12
eTimer_0 ETC[5] ALTA1 ETC[5] PSMI[8];
PADSEL=1
DSPI_2 CS3 ALT2 — —
SIUL — — EIRQ[25] —
E[14] | PCR[78] SIUL GPIO[78] ALTO GPIO[78] — — M S 119 | B12
eTimer_1 ETC[5] ALTAH ETC[5] PSMI[14];
PADSEL=3
SIUL — — EIRQ[26] —
E[15] | PCRI[79] SIUL GPIO[79] ALTO GPIO[79] — — M S 121 | B11
DSPI_0 CSt ALT1 — —
SIUL — — EIRQ[27] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Port PCR Peripheral Agj{;ﬁ:e Output Inp.ut Input mux con_fig
name function mux sel functions select during SRC | SRC 144 | 257
reset =1 =0 pkg | pkg
Port F
F[0] PCR(80] SIUL GPI0[80] ALTO GPIOI[80] — — M S 133 | D7
FlexPWM_0 Al1] ALT1 Al1] PSMI[21];
PADSEL=2
eTimer_0 — — ETC[2] PSMI[37];
PADSEL=1
SIUL — — EIRQ[28] —
F[3] PCR[83] SIUL GPIO[83] ALTO GPIO[83] — — M S 139 | B5
DSPI_0 CS6 ALT1 — —
Fl4] | PCR[84] SIUL GPIO[84] ALTO GPIO[84] — — F S 4 | D2
NPC MDOI[3] ALT2 — —
F[5] PCR[85] SIUL GPIO[85] ALTO GPIOI[85] — — F S 5 D1
NPC MDO[2] ALT2 — —
F[6] PCR[86] SIUL GPIO[86] ALTO GPIOI[86] — — F S 8 E2
NPC MDO[1] ALT2 — —
F[7] | PCR[87] SIUL GPIO[87] ALTO GPIO[87] — — F S 19 | A
NPC MCKO ALT2 — —
F[8] PCR[88] SIUL GPI0[88] ALTO GPIO[88] — — F S 20 | K2
NPC MSEO[1] ALT2 — —
F[9] PCR[89] SIUL GPIO[89] ALTO GPIO[89] — — F S 23 | K1
NPC MSEO[0] ALT2 — —
F[10] | PCR[90] SIUL GPIO[90] ALTO GPIO[90] — — F S 24 | L1
NPC EVTO ALT2 — —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
F[11] | PCR[91] SIUL GPIO[91] ALTO GPIO[91] — — M S 25 | L2
NPC EVTI ALT2 — —
F[12] | PCR[92] SIUL GPIO[92] ALTO GPIO[92] — — M S 106 | C17
eTimer_1 ETC[3] ALTA1 ETC[3] PSMI[12];
PADSEL=2
SIUL — — EIRQ[30] —
F[13] | PCR[93] SIUL GPIO[93] ALTO GPIO[93] — — M S 112 | B14
eTimer_1 ETC[4] ALTH ETC[4] PSMI[13];
PADSEL=3
SIUL — — EIRQ[31] —
F[14] | PCR[94] SIUL GPIO[94] ALTO GPIO[94] — — M S 115 | C13
LINFlexD_1 TXD ALTA1 — —
F[15] | PCR[95] SIUL GPIO[95] ALTO GPIO[95] — — M S 113 | D13
LINFlexD_1 — — RXD PSMI[32];
PADSEL=2
FCCU
FCCU_ — FCCU F[O] ALTO F[O] — — S S 38 | R2
F[0]
FCCU_ — FCCU F[1] ALTO F[1] — — S S 141 | C4
F1]
Port G
G[2] PCR[98] SIUL GPIO[98] ALTO GPIO[98] — — M S 102 | E16
FlexPWM_0 X[2] ALT1 X[2] PSMI[29];
PADSEL=1
DSPI_1 CS1 ALT2 — —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
G[3] PCR[99] SIUL GPIO[99] ALTO GPIO[99] — — M S 104 | D17
FlexPWM_0 Al2] ALT1 Al2] PSMI[22];
PADSEL=2
eTimer_0 — — ETC[4] PSMI[7];
PADSEL=3
G[4] |PCR[100] SIUL GPIO[100] ALTO GPIO[100] — — M S 100 | F17
FlexPWM_0 B[2] ALT1 B[2] PSMI[26];
PADSEL=2
eTimer_0 — — ETC[5] PSMI[8];
PADSEL=3
G[5] |PCR[101] SIUL GPIO[101] ALTO GPIO[101] — — M S 85 | N17
FlexPWM_0 X[3] ALT1 X[3] PSMI[30];
PADSEL=2
DSPI_2 CS3 ALT2 — —
G[6] |PCR[102] SIUL GPIO[102] ALTO GPIO[102] — — M S 98 | G17
FlexPWM_0 A[3] ALT1 A[3] PSMI[23];
PADSEL=3
G[7] |PCR[103] SIUL GPIO[103] ALTO GPIO[103] — M S 83 | P17
FlexPWM_0 B[3] ALT1 B[3] PSMI[27];
PADSEL=3
G[8] |PCR[104] SIUL GPI0O[104] ALTO GPIO[104] — — M S 81 | P16
FlexRay DBGO ALTH — —
DSPI_0 CSH ALT2 — —
FlexPWM_0 — — FAULT[O] PSMI[16];
PADSEL=2
SIUL — — EIRQ[21] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 =0 pkg | pkg
G[9] |PCR[105] SIUL GPIO[105] ALTO GPIO[105] — — M S 79 | R17
FlexRay DBGH1 ALTH — —
DSPI_1 CS1 ALT2 — —
FlexPWM_0 — — FAULT[1] PSMI[17];
PADSEL=2
SIUL — — EIRQ[29] —
G[10] |PCR[106] SIUL GPIO[106] ALTO GPIO[106] — — M S 77 | P15
FlexRay DBG2 ALTH — —
DSPI_2 CS3 ALT2 — —
FlexPWM_0 — — FAULT[2] PSMI[18];
PADSEL=1
G[11] | PCR[107] SIUL GPIO[107] ALTO GPIO[107] — — M S 75 | U15
FlexRay DBG3 ALT1 — —
FlexPWM_0 — — FAULT[3] PSMI[19];
PADSEL=2
G[12] | PCR[108] SIUL GPIO[108] ALTO GPIO[108] — — F S — | F2
NPC MDOJ[11] ALT2 — —
G[13] | PCR[109] SIUL GPIO[109] ALTO GPIO[109] — — F S — | H1
NPC MDOI10] ALT2 — —
G[14] | PCR[110] SIUL GPIO[110] ALTO GPIO[110] — — F S — | A6
NPC MDOI[9] ALT2 — —
G[15] |PCR[111] SIUL GPIO[111] ALTO GPIO[111] — — F S — | J2
NPC MDOI8] ALT2 — —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Port PCR Peripheral Acl)tstr;lal:e Output Inp.ut Input mux con_fig
name function mux sel functions select during SRC | SRC 144 | 257
reset =1 =0 pkg | pkg
Port H
H[0] |PCR[112] SIUL GPIO[112] ALTO GPIO[112] — — F S — | A5
NPC MDO[7] ALT2 — —
H[1] |PCR[113] SIUL GPIO[113] ALTO GPIO[113] — — F S — F1
NPC MDO[6] ALT2 — —
H[2] |PCR[114] SIUL GPIO[114] ALTO GPIO[114] — — F S — | A4
NPC MDO[5] ALT2 — —
H[3] |PCR[115] SIUL GPIO[115] ALTO GPIO[115] — — F S — | G1
NPC MDO[4] ALT2 — —
H[4] |PCR[116] SIUL GPIO[116] ALTO GPIO[116] — — M S — | L16
FlexPWM_1 X[0] ALT1 X[0] —
eTimer_2 ETCIO] ALT2 ETCIO] PSMI[39];
PADSEL=0
H[5] |PCR[117] SIUL GPIO[117] ALTO GPIO[117] — — M S — | M17
FlexPWM_1 A[0] ALT1 A[0] —
DSPI_0 CS4 ALT3 — —
H[6] |PCR[118] SIUL GPIO[118] ALTO GPIO[118] — — M S — | H17
FlexPWM_1 B[0] ALT1 B[0] —
DSPI_0 CS5 ALT3 — —
H[7] |PCR[119] SIUL GPIO[119] ALTO GPIO[119] — — M S — | K16
FlexPWM_1 X[1] ALT1 X[1] —
eTimer_2 ETC[1] ALT2 ETC[1] PSMI[40];
PADSEL=0
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Port PCR Peripheral Acl)tstr;lal:e Output Inp.ut Input mux con_fig
name function mux sel functions select during SRC | SRC 144 | 257
reset =1 =0 pkg | pkg
H[8] | PCR[120] SIUL GPIO[120] ALTO GPIO[120] — — M S — | K15
FlexPWM_1 Al1] ALT1 Al1] —
DSPI_0O CS6 ALT3 — —
H[9] |PCRI[121] SIUL GPIO[121] ALTO GPIO[121] — — M S — | G16
FlexPWM_1 B[1] ALT1 B[1] —
DSPI_0O CS7 ALT3 — —
H[10] | PCR[122] SIUL GPIO[122] ALTO GPIO[122] — — M | S — | AN
FlexPWM_1 X[2] ALT1 X[2] —
eTimer_2 ETC[2] ALT2 ETC[2] —
H[11] |PCR[123] SIUL GPIO[123] ALTO GPIO[123] — — M S — | C11
FlexPWM_1 Al2] ALT1 Al2] —
H[12] |PCR[124] SIUL GPIO[124] ALTO GPIO[124] — — M S — | B10
FlexPWM_1 B[2] ALT1 B[2] —
H[13] |PCR[125] SIUL GPIO[125] ALTO GPIO[125] — — M S — | G15
FlexPWM_1 X[3] ALT1 X[3] —
eTimer_2 ETC[3] ALT2 ETC[3] PSMI[42];
PADSEL=0
H[14] | PCR[126] SIUL GPIO[126] ALTO GPIO[126] — — M | S — | A2
FlexPWM_1 A3] ALT1 Al3] —
eTimer_2 ETC[4] ALT2 ETC[4] —
H[15] | PCR[127] SIUL GPIO[127] ALTO GPIO[127] — — M | S — | J17
FlexPWM_1 B[3] ALT1 B[3] —
eTimer_2 ETCI5] ALT2 ETCI5] —
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Table 3-5. Pin muxing (continued)

Weak pull | Pad speed’ Pin #
Alternate -
Port PCR Perioheral output Output Input Input mux config
name P P mux sel functions select during SRC | SRC 144 | 257
function
reset =1 | =0 pkg | pkg
Port |
1[0] PCR[128] SIUL GPIO[128] ALTO GPIO[128] — — M S — | C9
eTimer_2 ETC[O] ALTA1 ETC[O] PSMI[39];
PADSEL=1
DSPI_0 CS4 ALT2 — —
FlexPWM_1 — — FAULT[O] —
I[1] PCRI[129] SIUL GPIO[129] ALTO GPIO[129] — — M S — | C12
eTimer_2 ETC[1] ALTA1 ETC[1] PSMI[40];
PADSEL=1
DSPI_0 CS5 ALT2 — —
FlexPWM_1 — — FAULT[1] —
I12] PCR[130] SIUL GPIO[130] ALTO GPIO[130] — — M S — | F16
eTimer_2 ETC[2] ALTA1 ETC[2] PSMI[41];
PADSEL=1
DSPI_0 CSé6 ALT2 — —
FlexPWM_1 — — FAULT[2] —
I[3] PCR[131] SIUL GPIO[131] ALTO GPIO[131] — — M S — | E17
eTimer_2 ETC[3] ALTA1 ETC[3] PSMI[42];
PADSEL=1
DSPI_0O CS7 ALT2 — —
CTU_O EXT_TGR ALT3 — —
FlexPWM_1 — — FAULT[3] —
RDY |PCR[132] SIUL GPIO[132] ALTO GPIO[132] — — F S — | K3
(cut2/3 | (cut2/3 p— (cut2
only) only) NPC RDY ALT2 — — /3
only)

Buixnw uid



1019NpUODIWSS 8|eoS98I

sel

6 "AaY ‘lenuepy asualaydy J9[|0JJUOI0IIIN TEFISIHIN

1 Programmabile via the SRC (Slew Rate Control) bit in the respective Pad Configuration Register; S = Slow, M = Medium, F = Fast, SYM =
Symmetric (for FlexRay)

2 The default function of this pin out of reset is ALT1 (TDO).

3 Analog

NOTE

Open Drain can be configured by the PCRn for all pins used as output (except FCCU_F[0] and
FCCU_F[1]).
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3.5

Mapping of ports to PGPDO/I registers

Table 3-6. Mapping of ports to PGPDO registers

Port PGPDO field’ Absolute address
A PPDOI[0] 0xC3F9_0C00
B PPDOI[1] 0xC3F9_0C02
C PPDOI[2] 0xC3F9_0C04
D PPDOI[3] 0xC3F9_0C06
E PPDO[4] 0xC3F9_0C08
F PPDO[5] 0xC3F9_0CO0A
G PPDOI6] 0xC3F9_0C0C
H PPDO[7] 0xC3F9_0COE
| —2 0xC3F9_0680°

1 All fields are 16 bits.

2 Port | does not have an associated PGPDO register or field. To write data to port I, execute a 32-bit
write access to GPDO128_131 at the absolute address shown.

Table 3-7. Mapping of ports to PGPDI registers

Port PGPDI field' Absolute address
A PPDI[0] 0xC3F9_0C40
B PPDI[1] 0xC3F9_0C42
c PPDI[2] 0XC3F9_0C44
D PPDI[3] 0xC3F9_0C46
E PPDI[4] 0xC3F9_0C48
F PPDI[5] 0XC3F9_0C4A
G PPDI[6] 0XC3F9_0C4C
H PPDI[7] 0XC3F9_0C4E
[ —2 0xC3F9_0880°

1 All fields are 16 bits.

2 Port | does not have an associated PGPDI register or field. To read data from port |, execute a 32-bit
read access from GPDI128_131 at the absolute address shown.
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Chapter 4
Operating Modes

4.1 Overview

MPC5643L devices can operate in two modes of operation:
* Lock Step Mode (LSM)
» Decoupled Parallel Mode (DPM)

One of these two operating modes is statically selected at power-up (see Section 4.4, Selecting LSM or
DPM). The selected operating mode may be changed only when going through a full power-on reset.

Both operating mode support a number of chip modes which are controlled by the Mode Entry Module
(MC_ME). These chip modes differ from one another in:

» Which peripherals are enabled

* How the pins are configured

» How the clocks are configured

* Their relative safety status

* Their relative power consumption

See Section 32.1, Introduction, for a complete description of the chip modes.

4.2 Lock Step Mode (LSM)

This operating mode takes its name from the execution of the same commands by both cores in
synchronicity (lock step). It has been implemented to allow reaching SIL3 with minimal software
overhead and is the only operating mode of MPC5643L for which a SIL3 capability certificate has been
planned.

In LSM, the Sphere of Replication (SoR) plays a major role. It contains all hardware elements which have
been replicated for safety reasons resulting in the SoR being a collection of pairs. Each member of such a
pair will execute the same operations or transactions as its partner resulting in lock step behavior. The
compliance with this behavior expectation is checked only on the boundary of the SoR, minimizing
checker effort.

This boundary check is based on a modified version of the fault isolation concept. Fault isolation requires
that a fault must not cause failures outside a marked area, in this case the SoR. A failure in the SoR, as long
as it does not propagate to the outside of the SoR and potentially cause a fault there, does not influence the
effective operability of the periphery (and so the ECU). Thus it can not cause a hazard.

For example, an error in the ALU can cause wrong calculation results but as long as these results only
influence core register values, they are not a hazard to the operation of the system. Also, propagation inside
the SoR is of no immediate consequence, e.g. if the wrong register value is written to the INTC, this —
in itself — will not change the overall behavior of the system. But once the registers are written
somewhere external or used as addresses, or once the badly changed interrupt triggers, this 'safeness’
changes because the failure now propagates to the outside of the SoR.
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The Redundancy Control Checker Units (RCCU) at the outputs of the SoR to the periphery bus, to the
Flash subsystem and to the SRAM subsystem detect such propagating failures due to data on the external
busses being inconsistent between both processing units. Thus the RCCUs implement the modified fault
isolation in that they detect but not prevent the propagation of a non-common cause failure at the point
where the two redundant channels are merged into a single actuator or recipient. Isolation of the overall
system is then achieved by the Fault Collection and Control Unit (FCCU) signaling an error, thereby
allowing the device or application to react appropriately.

Several MPC5643L €200 z4d core registers power up in a random state and therefore need to be initialized
with known values before they can be used in the LSM configuration. The MPC5643L SRAM also powers
up in a random state and also therefore needs to be initialized with known values before it can be used in
an LSM configuration. The software is responsible to perform this special initialization.

The following MPC5643L e200z4 core registers require software initialization in LSM mode®:
General Registers — CR, CTR, LR, GPR0-GPR31, ACC
Debug Registers — DBCNT, DVC1-DVC2

Exception Handling — SPRGO0-SPRG7, SPRG8-SPRGY9, USPRGO, SRR0O-SRR1, CSRR0-CSRR1,
DSRR0-DSRR1, MCSRR0O-MCSRR1, IVPR, IVORO-IVOR15, IVOR32-1VOR34, MCAR, DEAR

Timers — DEC, DECAR, TBL, TBU
Memory Management Registers — MAS0-MAS4, MAS6

4.3 Decoupled Parallel Mode (DPM)

In this operating mode, each CPU core and connected channel runs independently from the other core, and
the redundancy checkers (RCCU) are disabled.

At a given frequency, operating the chip in DPM offers a performance increase of approximately 1.6x over
operating the chip in LSM.

In this operating mode, the chip boots with Core_0 enabled and Core_1 disabled directly after most resets.
After a short external or short 'functional’ reset, corel is immediately enabled if it was enabled prior to the
reset. Software running on Core_0 can enable Core_1 at any time, and once corel has been enabled, it
cannot be disabled by software. While Core_1 is disabled, it is not clocked, thus minimizing the chip's
overall current consumption during this time.

See the tables in Chapter 2, Memory Map, for information on how memory is configured and accessed in
DPM.

44  Selecting LSM or DPM

The operating mode (LSM or DPM) on MPC5643L is determined by the LSM_DPM user option bit in the
shadow block of the flash memory. This user option bit is described in Section 23.1.7, User option bits,
and is physically accessed using the UOPS[UOPT] field in the SSCM (see Section 48.3.1.7, User Option
Status Register (UOPS)).

1.Refer to the e200z4 Core RM, Section 2.6, Table 2-16 “Reset Settings”
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Chapter 4 Operating Modes

By default, MPC5643L is configured to start in LSM (LSM_DPM = 1).

4.4.2 Entering DPM

4.4.21 Dual-core boot concepts

Entering DPM implies a dual-core boot. The key concept to a dual-core boot is that it is nothing more than
a typical single-core boot, except that it starts another single-core boot. The initialization of interrupts,
stack, and other parameters needs to be performed on each core. In other words, it is a single-core boot

performed twice.

Figure 4-1 shows a simplification of this boot process.

Core_0

Power-On Reset

Boot in Lock
Step Mode.

Core_0 MMU setup, other
initialization including NMI Vector,
then branch to Main().

Main() runs on Core_0, setting

up the start address for Core_1

Place Reset Vector for Core_1
in register P2BOOT.

Release Reset for Core_1
by writing DPMKEY.

Core_0 is now operational.

Core_1

Core_1 runs MMU setup, other
initialization including NMI Vector.

Core_1 changes the device
mode from DRUN to RUNO.

Both cores manage
their own NML.

Branch to Main()
Core_1 is now operational.

Figure 4-1. Simplified boot process in DPM
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At power-on reset (POR), Core_0 begins operation while Core_1 remains held in reset. At this time,
Core_0 must initialize its set of peripherals, set up its environment (including the NMI routine), then
branch to main. At this point, Core_0 is essentially fully operational. Now Core_0 provides the reset vector
and writes the DPMKEY, thus releasing Core_1 from reset.

Core_1 begins its execution. The first thing that it must do is initialize its set of peripherals and set up its
environment, including its NMI routine.

Core_0 then moves the chip from DRUN mode to RUNO mode. Each core must service its own NMI
routines. It is recommended to always use Core_0 to control the chip modes in order to avoid conflicting
or inconsistent chip mode configuruations and change requests.

4.4.2.2 Software setup

During the boot sequence, Core_0 runs from reset and executes code that sets up and enables Core_1. At
that time, the system then begins operating in DPM.
To make the second core operational, you must configure the following two registers in the SSCM:
 DPMBOOT (see Section 48.3.1.5, DPM Boot Register (DPMBOQT))
» DPMKEY (see Section 48.3.1.6, Boot Key Register (DPMKEY))

Follow this sequence to enable DPM:
*  Write the reset vector into DPMBOOT[P2BOOT].

* Set DPMBOOT[DVLE] to indicate that the second core will be executing in VLE mode.
(Otherwise, the core will operate in Power Architecture mode.)

*  Write 0X5AF0 to DPMKEY[KEY].
*  Write 0XA50F to DPMKEY[KEY].
After the second write to DPMKEY[KEY], Core_1 starts execution from its reset vector. Repeating this

sequence after Core_1 is running will have no effect on Core_1 until the next reset, and only then if the
reset is a short external or short “functional” reset.
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Chapter 5
Device Boot Modes

5.1 Boot mode functionality

The device supports the following boot modes:
» Single Chip (SC) - the device will boot from the first bootable section of the flash memory main
array

» Serial Boot (SBL) - the device will download boot code from either SCI or CAN interface and then
execute it

If booting is not possible with the selected configuration (e.g. if no Boot ID is found in the selected boot
location) then the device will enter static mode (see Section 5.4.6, Static Mode).

5.2 Hardware configuration

The device will detect the boot mode based on external pins and device status. The following sequence
applies:
» If the FAB (Force Alternate Boot Mode) pin is set to boot in serial mode, the device can be forced
into an Alternate Boot Loader Mode. The type of alternate boot mode is selected according to the
ABS (Alternate Boot Selector) pins (see Table 5-1). For details of the serial boot modes please see
Chapter 9, Boot Assist Module (BAM).

» If the device identifies a flash memory sector with a valid boot signature, it will boot from the
lowest sector. (See Figure 5-1.)

» If none of the flash memory sectors contains a valid boot signature, the device will go into static
mode.

Table 5-1. Hardware configuration

FAB ‘\2"303 Sta';i':‘l’;l':QMB Boot ID Boot Mode
1 00 0 — Serial Boot SCI
1 01 0 — Serial Boot CAN
0 — 0 valid SC (Single Chip)
0 — 0 not found Static Mode

5.2.1 Single Chip boot mode

The SSCM performs a sequential search of each bootable sector (starting at sector 0) for a valid BOOT_ID
within the RCHW. If a valid BOOT _ID is found in the RCHW of such a sector , the SSCM reads the VLE
bit and the boot vector address. If a valid BOOT_ID is not found, the microcontroller is put into static
mode.

In order for the e200z4d core to be able to access its program space memory , a valid MMU TLB entry has
to be created. The SSCM does this automatically by reading the reset vector (the word after the RCHW)
and modifying TLB entry 0 to create a 4 KB page containing the reset vector address. The corresponding
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MMU page must be properly aligned , which is achieved by setting the 12 LSB's of the reset vector address
stored into this entry to 0.

The MMU VLE bit of this TLB entry is set depending on the status of the VLE bit within the RCHW. This
means that the most efficient place to put the application code is immediately after the boot sector.

The 4 KB block provides sufficient space to
* Add MMU entries for the remaining program space, SRAM and peripherals
» Perform standard system initialization tasks (initialize the SRAM, setup stack, copy constant data)

» Transfer execution to RAM, re-define the flash memory MMU entry and transfer execution back
to flash memory.

5.2.1.1 Boot and alternate boot

Some applications require an alternate boot sector so that the main boot can be erased and reprogrammed
in the field.

When an alternate boot is needed, user can create two bootable sectors; the lowest sector shall be the main
boot sector and the highest shall be the alternate boot sector. The alternate boot sector does not need to be
consecutive to the main boot sector.

This scheme ensures that there is always one active boot sector by erasing one of the boot sectors only:
» Sector is activated (that is, program a valid BOOT_ID instead of OXFF as initially programmed).

» Sector is deactivated writing to 0 some of the bits BOOT-ID bit field (bit 1 and/or bit 3, and/or bit
4, and/or bit 6).

5.3 Boot-sector search

5.3.1 Potential boot sectors

As shown in Figure 5-1 in single chip mode the device will search several locations for a valid boot ID.
The lowest sector which starts with a valid boot ID will be used to boot the device.

The Flash locations 0x0000 0000, 0x0000_ 4000, 0x0001 0000, 0x0001 C000, 0x0002_0000 and
0x0003 0000 will be searched.
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apps space
51 joc Boot information
apps space
41 o Boot information
apps space
3Joc Boot information
Application
apps space $0000 000C
2" joc Boot information Application
$0000 0008
Application start address
apps space 0000 0004
RCHW
$0000 0000
$0000 0000 Boot information

(18t location)

Figure 5-1. Flash partitioning and RCHW search

5.3.2 Reset Configuration Half-Word

Each boot sector in the flash memory contains at offset 0x00 the Reset Configuration Half-Word (RCHW).
If the RCHW field BOOT _ID holds the value 0x5A then the sector is considered bootable. In addition
there is a flag which indicates that the code is Book E or VLE code. This flag should be set to match the
executable image. All other bits are reserved.

(No BAM code execution in this case, and BAM code will not be visible unless the device is in SBL
mode.)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 | VLE BOOT_ID

RES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ET:

= Reserved

Figure 5-2. Reset Configuration Half Word (RCHW)

Once the device detects that it needs to boot from Flash, and finds a valid BOOT _ID, it will boot from the
application start address at offset 0x04 within the boot sector.

5.3.3 Boot and alternate boot

Some applications require an alternate boot sector so that the main boot can be erased and reprogrammed
in the field.

When an alternate boot is needed, the user can create two bootable sectors; the lowest sector shall be the
main boot sector and the highest shall be the alternate boot sector. The alternate boot sector does not need
to be consecutive to the main boot sector.

This scheme ensures that there is always one active boot sector by erasing one of the boot sectors only:
» Sector is activated (that is, program a valid BOOT _ID instead of OxFF as initially programmed).

» Sector is deactivated writing to 0 some of the bits BOOT-ID bit field (bit 1 and/or bit 3, and/or bit
4, and/or bit 6).

5.4 Device behavior by boot mode

The following describes which security related device features are available in the device boot modes.

5.4.1 Single Chip Mode — Unsecured

In Normal Single Chip Mode, the system boots from the flash memory main array. The device will boot
from the first sector which is marked bootable. The system may be configured to enable the external bus.

* Nexus/JTAG available
* Boot from flash memory main array
— Shadow Block available

5.4.2 Single Chip Mode — Secured

In Secured Single Chip Mode, the system boots from the flash memory main array. The device will boot
from the first sector which is marked bootable.

MPC5643L Microcontroller Reference Manual, Rev. 9

144 Freescale Semiconductor



Chapter 5 Device Boot Modes

* No Nexus/JTAG apart from JTAG info for device and mask ID (major and minor) and commands
to temporarily unlock the device with a valid Flash password.

* Boot from Flash main array
— Shadow Block accessible

5.4.3 Serial Boot Loader Mode — Public Password Enabled

* InSerial Boot Loader Mode, if public serial access is allowed, the MCU executes BAM code which
will check for a valid public password on the chosen interface. The interface will be selected via
FAB and ABS pins.

* Nexus/JTAG available if device is not sensored.
* Boot from BAM
» Flash Main Array and Shadow Block access is disabled if device is censored.

5.4.4 Serial Boot Loader Mode — Flash Memory Password Enabled

It is possible to boot in Serial Boot Loader Mode when serial access with password is selected. The MCU
executes BAM code which will check for a valid flash memory password on the chosen interface. If the
password is known, full access to the device is enabled.

* Nexus/JTAG available once the correct password has been received.
* Boot from BAM
» Flash Main Array and Shadow Block access possible once the correct password has been received.

5.4.5 Standby Boot Mode

In Standby-Boot Mode, the MCU can be configured to boot from internal flash memory (Single Chip
mode) or from Standby RAM. If the MCU boots from Standby RAM the reset sequence can be abridged
- in this case the flash memory will not be available. (See RGM block guide for mode selection).

The device security status will be stored in the SSCM Standby area, so debugging will be possible if the
device is unsecured.

5.4.6 Static Mode

Static mode means the device enters the SAFE mode and the processor executes a wait instruction. It is
needed if the device can not boot in the mode which was selected. Access to Nexus and flash memory is
as defined by the boot mode and the security status. Eventually the SWT will cause a reset and restart the
boot search.
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Chapter 6
Device Security

6.1 Security

The censorship mechanism implemented on the device is intended to increase the protection against
unauthorized access to the device. The mechanisms employed does not provide a guarantee of a secure
device. It can only be deemed effective if used in conjunction with an appropriately robust software and
documentation infrastructure to assist in guarding against unauthorized access to device resources.

When the flash memory is censored, the MCU is in the Secured state. This feature intends to prevent the
unauthorized read and write of memory contents. Which device features are enabled or disabled is
determined by the chip mode and security state in effect. Please refer to Section 5.4, Device behavior by
boot mode, for details.

The user needs to keep in mind that part of the security must lie with the application code. As an extreme
example: it would be possible to generate application code that dumps the contents of the internal program
- obviously this code would defeat the purpose of security. However there may be good reasons to provide
a back door in the application code. Care must be taken when implementing these backdoors, since they
allow paths of attack to break security on the device.

6.1.1 Securing the microcontroller

The device can be secured by programming the flash memory NVSCI register (Figure 6-1; also see
Section 23.1.5.15, Nonvolatile System Censoring Information register (NVVSCI)). This non-volatile
register will keep the device secured even when it is reset or powered down.

0 1 2 3‘4 5 6 7‘8 9 10 11‘12 13 14 15

R
Censorship Control
w
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R .
W Serial Boot Control

Figure 6-1. Nonvolatile System Censorship Information Register (NVSCI) for cuti
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R .
Serial Boot Control
w
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R .
W Censorship Control

Figure 6-2. Nonvolatile System Censorship Information Register (NVSCI) for cut2/3

A value of OxX55AA in the censhorship control word of the NVSCI register determines that the device is
unsecured, any other value determines that the device is secured. The factory default of the NVSCI holds
the value OX55AA55AA. (For the function of the Serial Boot Control word see Section 6.2, Serial access.)

The device supports a backdoor to unsecure the device via the 64 bit password register (NVPWD) in the
flash memory block. The flash memory password can be programmed or modified as long as the device is
unsecured.

In order to modify an already programmed password the shadow block needs to be erased first, and all
other configuration bits re-programmed as well.

To protect against voltage manipulations, each 16-bit halfword needs to contain both 1’s and 0’s. Below
are examples for legal and illegal passwords:

Illegal passwords
0x0000_0000_0000_0000
OXFFFF_FFFF_FFFF_FFFF
OXFFFF_0000_FFFF_FFFF
0x0000_0000_0000_FFFF
OxAAAA_AAAA_AAAA 0000

Legal passwords
0x0001_0010_0100_1000
OXFFFE_FFFE_FFFE_FFFE
OxFFFO_OO0OF_OFFF_OFFF
0x1000_1000_1000_FFFE
OxAAAA_AAAA_AAAA 0001

To deactivate the flash memory password (“swallowing the key”) the register can be programmed with the
value 0x0000_0000_0000_0000. However once this is done neither the manufacturer nor the user can
unlock device security again. Of course, application code can still implement a different backdoor scheme
if there are special requirements which are not covered by the available mechanism.

6.1.2

To unsecure a secured device, the flash memory password needs to be provided. This can be done by
booting in SBL mode and providing the flash memory password via the serial bootloader protocol (see
refer to the BAM chapter) or via JTAG command.

Unsecuring the microcontroller

If SBL mode was used in conjunction with the flash memory password, the password comparison result
will only be known after a delay - this is in order to avoid brute-force attacks. The data can be downloaded
into SRAM during this delay.
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NOTE

The scheme used here does not prohibit a malicious listener from capturing
the password of a valid serial download, since the key is not in encrypted
form. The user must take appropriate measures to protect against access by
third parties during a valid download.

If the password is correct, the device is temporarily unsecured. In this state the a new flash memory
password can be programmed into the NVPWD registers or new application data can be programmed into
the main flash memory array. (In order to modify an already programmed password the shadow block
needs to be erased first, and all other configuration bits re-programmed as well.)

It is also possible to unlock the device via JTAG. For this the device needs to be held in reset by pulling
the external reset input, once the flash memory has completed its internal sequence, the JTAG register
CENSOR_CTRL can be written with the password in bits 63:0 and with bit 64 set to 1. The password
comparator will compare the password and unsecure the device if it is correct, if serial access with the flash
memory password is allowed, and if the device hasn’t swallowed the key. (Only one transition on bit 64
from O to 1 is allowed.) The debugger needs to wait until the device is unlocked, after that a breakpoint
can be set if desired, and the debugger can release the reset. The device will remain unsecured until the
next reset event occurs.

6.1.2.1 Software unsecure

Since the security state of the device is determined solely by a user programmable location in the Shadow
Block, any application may choose to implement a software unsecure method, through any interface.

6.2 Serial access

The device can be accessed via a serial interface, if it is booted in SBL mode (see Section 5.2, Hardware
configuration). It is possible to either use the public password or the flash memory password — this is
decided by programming the Serial Boot Control word in the NVSCI register (see Figure 6-1). If it
contains the value Ox55AA, the flash memory password must be used, if it contains any other value the
public password must be used.

Access to the flash memory depends both on the Serial Boot Control field and the Censorship Control Field
in the NVSCI. An unsecured device always allows access to the flash memory regardless of the Serial Boot
Control field. For a secured device if the public password access is used, the flash memory will not be
visible, if flash memory password access is used then device security is disabled and the flash memory is
visible.

The application may wish to prohibit access via serial line - this can be accomplished by programming
NVSCI to 0x55AA which mandates the use of the flash memory password, and programming NVPWD to
0x0000_0000_0000_0000 which makes the flash memory password invalid.

However it should be carefully evaluated whether this scenario is desirable. If programmed like this there
is no longer the possibility to allow the manufacturer to run diagnostic on a returned device. Similarly it
won’t be possible anymore to update the application. This does not apply if the user decides to implement
an alternative backdoor scheme in software (see Section 6.1.2.1, Software unsecure).
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Chapter 7
Functional Safety

7.1 Overview

This device offers a set of features to support using it for applications which need to fulfill functional safety
requirements as defined by safety integrity levels SIL3 of IEC61508 or ASILD of 1S026262. Also, the
development processes and documentation of this device target these safety standards. This device is
considered a Type B subsystem (“complex”, see IEC 61508-2, section 7.4.3.1. Architectural constraints
on hardware safety integrity) and is assumed to be used in a “High-Demand / Continuous mode of
operation* safety mode (see IEC 61508-1, section 7.6.2, “Requirements”™).

7.2 Redundancy

The main approach used to achieve functional safety requirements is redundancy. Redundancy is applied
in different ways for different modules of this device:

» Processing cores: When used for a safety critical application, the two redundant cores must be used
in lock-step mode. Any difference between the outputs of the cores indicates a fault and triggers
the according reaction to prevent propagation of the fault and to put the device into a Fail-Safe
mode.

* Replicated peripherals, if safety critical for the application, have to be used in a redundant way by
the application software. Details are specified in the Safety Application Guide.

» Non-replicated input peripherals, if safety critical for the application and not self-tested, have to be
read twice by the application software. Details are specified in the Safety Application Guide.

* Non-replicated output peripherals, if safety critical for the application and not read-back, have to
be written twice by the application software. Details are specified in the Safety Application Guide.

7.3 Built-In Self-Test (BIST)

7.3.1 BIST during boot

A device BIST is performed every time a destructive or external reset occurs. The device provides full
reset conditions to the outside world while BIST is executed. The BIST is performed transparently for the
application while the device is still under reset. In case the BIST fails, the device is kept under reset.
Application software can only start to run when BIST finished successfully without detecting a fault. The
boot time BIST comprises:

e Memory BIST for all RAMs and ROM

e Scan-based Logic BIST for three partitions of digital logic (for the contents of the individual
partitions see hierarchy definition).
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7.3.2 Software-triggered BIST during operation

For some modules of this device it is required to run BIST during operation, because testing every 10 hours
(Trip Time) is not sufficient for the targeted safety integrity level. These BIST runs need to be triggered
by application software once within each Process Safety Time (10 ms). Details are specified in the Safety
Application Guide.

Modules which require BIST runs during application are:
» ADC: Software triggers several self-tests implemented in hardware
» Flash memory ECC logic test

7.3.3 Software-triggered self-tests after boot

In order to ensure integrity of flash memory for a safety application, hardware based flash self-test needs
to be triggered by software every time the device is booted. Details are specified in the Safety Application
Guide.

7.4 Memory error detection and correction

RAMs are protected against soft errors by a 7-bit/32 SEC/DED ECC code computed over address and data
at each memory access. Detected faults are reported to the FCCU.

NVM Flash is protected by 8-bit/64 parity SEC/DED.

7.5 Monitoring
All monitoring features react within the so-called Process Safety Time of 10 ms or faster.

Core voltage is equipped with a low voltage detector and a high voltage detector to indicate if voltage is
out of the specified range. 10 voltage is monitored by a low voltage detector. The voltage detectors
themselves have a hardware based self-checking feature.

This device is equipped with two temperature sensors.

Four clocks are monitored:
» Internal oscillator clock
* FMPLL-generated system clock
* FlexRay clock
e SMC clock

A Memory Protection Unit prevents incorrect memory accesses based on 16 possibly overlapping physical
memory regions.

MPC5643L Microcontroller Reference Manual, Rev. 9

152 Freescale Semiconductor



Chapter 7 Functional Safety

7.6 Software measures

The Safety Application Guide specifies several software measures required to achieve safety integrity for
this device. Software has to trigger these test features at least every 10 ms (Process Safety Time). These
are simple checks. No software based self-test routine library is necessary for this device.

The following shows some examples for software checks. The complete list of software measures is
defined in the Safety Application Guide.
Example 1: Modules which require CRC checks during operation are:

» SIUL: System configuration registers checked

» ADC: Configuration registers checked

» eTimer: Configuration registers checked

Example 2: The CTU unit requires the following checks:
» Have all triggers been generated and served (supported by hardware, faults to be handled in SW)?
» Do trigger times match expected behavior?
» Isthere a trigger buffer overrun (supported by hardware, faults to be handled in SW)?
* Does the channel number sequence match expected behavior?
» Are the issued commands valid (supported by hardware, faults to be handled in SW)?

7.7 Fault reaction

All faults detected by hardware measures like the redundancy checkers, self-test features, ECC, voltage

and clock monitors are reported to the central Fault Collection and Control Unit (FCCU). Depending on
the particular fault, the FCCU puts the device into the according configured Fail-Safe state. This prevents
fault propagation to system level. By definition, the Safe State of this chip is either of the following:

e |/Os in tristate when the device is in shutdown or reset
» Device flagging an Error Out for critical errors

The continuous switch between a standard operation state and the reset state without any shut down is not
considered a Safe State.

Safety critical 10s are kept in tri-state when the device is in a Fail-Safe state.

7.8 External measures

This chip requires several external measures to allow safe operation:
» External power supply and monitor
» External watchdog timer
» Error out monitor to handle situations where this device indicates an internal fault
* PWM output monitor that monitors and corrects the PWM outputs
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Chapter 8
Analog-to-Digital Converter (ADC)

8.1 Introduction

The Analog to Digital Converter (ADC) is a 12 bit Successive Approximation register (SAR) ADC with
a mixed capacitive/resistive DAC. Sampling and conversion durations are software programmable, as are
other features such as the conversion characteristics offset. Maximum input frequency is 500KHz, but to
reach a SINAD of 65dB an input frequency of 10KHz maximum is required. The ADC architecture allows
input channel multiplexing. The maximum operating frequency depends on the ADC settings; a clock of
20MHz can be applied regardless of the configuration values. Larger clock frequencies can be applied for
some specific setting values and provided the sampling error is smaller than the requested precision. The
ADC also implements self-test features to detect if the ADC is not operating properly.

This device includes two ADC modules, referred to as ADC_0 and ADC 1.

External ADC channels:

» 9 external channels on ADC_0 (channels 0..8)

* 9external channels on ADC_1 (channels 0..8)

» 4 external channels shared between ADC_0 and ADC_1 (channels 11..14)
The internal connections of peripherals to ADC channels are as follows:

 TSENS_0=ADC_0 channel 15

e TSENS 1=ADC 1channel 15

* VREG_1.2V = ADC_0 channel 10 and ADC_1 channel 10

Note: ADC_0/1 channel 9 is reserved for factory test only.

8.2 Features

The ADC contains advanced features for normal or injected conversion. A conversion can be triggered by
software or hardware (CTU).

The ADC on MPC5643L supports 16 internally-multiplexed precision channels (ANS), all of which have
the same accuracy.

The mask registers present within the ADC can be programmed to configure which channel has to be
converted.

Conversion timing registers are used to configure different sampling and conversion times. On
MPC5643L, two such registers are provided — one for configuring the precision channels (0-14) and one
for the temperature sensor channel.

Analog watchdogs allow continuous hardware monitoring.

Features:
e 12 bit resolution
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» Reference voltage: from 3V to 5.5V

» Supply voltage: from 3V to 3.6V

* Maximum clock frequency: from 20MHz to 60MHz depending on configuration settings
* Minimum clock frequency: from 3MHz to 12MHz depending on configuration settings

» Sampling time @60MHz: programmable from 383ns to 4.25ust

» Conversion time@60MHz: programmable from 1us to 4.87us (sampling time included)1
» Conversion characteristic shift: 0, 1/2 and 1 Lsb

» Software controlled Power-down

o Self test feature.

8.3 Memory map and register descriptions

Table 8-1. Bit access descriptions

Access type Description

read/write (rw) Software can read and write to these bits.
read-only (r) Software can only read these bits.
write-only (w) Software can only write to these bits.
write 1 to clear (w1c) Software can clear bits by writing ‘1°.

8.3.1 Memory map
Table 8-2. ADC memory map

Address offset Register Location
0x000 Main Configuration Register (MCR) on page 159
0x004 Main Status Register (MSR) on page 161

0x008-0x00C Reserved

0x010 Interrupt Status Register (ISR) on page 162

0x014 Channel Pending Register 0 (CEOCFRO) on page 163

0x018—-0x01C Reserved

0x020 Interrupt Mask Register (IMR) on page 164

0x024 Channel Interrupt Mask Register 0 (CIMRO) on page 164

0x028—-0x02C Reserved

0x030 Watchdog Threshold Interrupt Register (WTISR) on page 165

0x034 Watchdog Threshold Interrupt Mask Register (WTIMR) on page 166

0x038-0x03C Reserved

1.These timings do not consider any variation in the clock frequency such as spread spectrum PLL, jitter controlled
oscillators, etc.
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Table 8-2. ADC memory map (continued)

Address offset Register Location
0x040 DMA Enable Register (DMAE) on page 166
0x044 DMA Channel Select Register 0 (DMARO) on page 167

0x048-0x05C Reserved
0x060 Threshold Register 0 (THRHLRO) on page 167
0x064 Threshold Register 1 (THRHLR1) on page 167
0x068 Threshold Register 2 (THRHLR2) on page 167
0x06C Threshold Register 3 (THRHLR3) on page 167
0x070-0x07C Reserved
0x080 Presampling Control Register (PSCR) on page 168
0x084 Presampling Register 0 (PSRO0) on page 169
0x088—-0x090 Reserved
0x094 Conversion Timing Register 0 (CTRO) on page 169
0x098 Conversion Timing Register 1 (CTR1) on page 170
0x09C-0x0A0 | Reserved
0x0A4 Normal Conversion Mask Register 0 (NCMRO) on page 171
0x0A8—-0x0B0O Reserved
0x0B4 Injected Conversion Mask Register 0 (JCMRO0) on page 172
0x0B8-0x0C4 | Reserved
0x0C8 Power Down Exit Delay Register (PDEDR) on page 172
0x0CC—-0xOFC | Reserved
0x100 Channel 0 Data Register (CDRO0) on page 173
0x104 Channel 1 Data Register (CDR1) on page 173
0x108 Channel 2 Data Register (CDR2) on page 173
0x10C Channel 3 Data Register (CDR3) on page 173
0x110 Channel 4 Data Register (CDR4) on page 173
0x114 Channel 5 Data Register (CDR5) on page 173
0x118 Channel 6 Data Register (CDR6) on page 173
0x11C Channel 7 Data Register (CDR7) on page 173
0x120 Channel 8 Data Register (CDR8) on page 173
0x124 Channel 9 Data Register (CDR9) on page 173
0x128 Channel 10 Data Register (CDR10) on page 173
0x12C Channel 11 Data Register (CDR11) on page 173
0x130 Channel 12 Data Register (CDR12) on page 173
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Table 8-2. ADC memory map (continued)

Address offset Register Location
0x134 Channel 13 Data Register (CDR13) on page 173
0x138 Channel 14 Data Register (CDR14) on page 173
0x13C Channel 15 Data Register (CDR15) on page 173

0x140-0x280 Reserved
0x280 Threshold Register 4 (THRHLR4) on page 167
0x284 Threshold Register 5 (THRHLRS5) on page 167
0x288 Threshold Register 6 (THRHLR®6) on page 167
0x28C Threshold Register 7 (THRHLR?7) on page 167
0x290 Threshold Register 8 (THRHLRS8) on page 167
0x294 Threshold Register 9 (THRHLR9) on page 167
0x298 Threshold Register 10 (THRHLR10) on page 167
0x29C Threshold Register 11 (THRHLR11) on page 167
0x2A0 Threshold Register 12 (THRHLR12) on page 167
0x2A4 Threshold Register 13 (THRHLR13) on page 167
0x2A8 Threshold Register 14 (THRHLR14) on page 167
0x2AC Threshold Register 15 (THRHLR15) on page 167
0x2B0 Channel Watchdog Selection Register 0 (CWSELO) on page 174
0x2B4 Channel Watchdog Selection Register 1 (CWSEL1) on page 174
0x2B8-0x2DC | Reserved
0x2EO0 Channel Watchdog Enable Register 0 (CWENRO) on page 175
0x2E4—0x2EC | Reserved
0x2F0 Analog Watchdog Out of Range Register 0 (AWORRO) on page 175
0x2F4-0x33C Reserved
0x340 Self Test Configuration Register 1 (STCR1) on page 176
0x344 Self Test Configuration Register 2 (STCR2) on page 177
0x348 Self Test Configuration Register 3 (STCR3) on page 179
0x34C Self Test Baud Rate Register (STBRR) on page 180
0x350 Self Test Status Register 1 (STSR1) on page 181
0x354 Self Test Status Register 2 (STSR2) on page 183
0x358 Self Test Status Register 3 (STSR3) on page 183
0x35C Self Test Status Register 4 (STSR4) on page 184
0x360—-0x36C Reserved
0x370 Self Test Data Register 1 (STDR1) on page 184
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Table 8-2. ADC memory map (continued)

Address offset Register Location
0x374 Self Test Data Register 2 (STDR2) on page 185
0x378-0x37C Reserved

0x380 Self Test Analog Watchdog Register 0 (STAWOR) on page 186
0x384 Self Test Analog Watchdog Register 1A (STAW1AR) on page 186
0x388 Self Test Analog Watchdog Register 1B (STAW1BR) on page 187
0x38C Self Test Analog Watchdog Register 2 (STAW2R) on page 187
0x390 Self Test Analog Watchdog Register 3 (STAW3R) on page 188
0x394 Self Test Analog Watchdog Register 4 (STAW4R) on page 189
0x398 Self Test Analog Watchdog Register 5 (STAW5R)

8.3.2

8.3.2.1

Control logic registers

Main Configuration Register (MCR)

The Main Configuration Register (MCR) provides configuration settings for the ADC.

Address: Base + 0x000 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 % 0 0
w |
L = =z
AN | (3|85 ¢8| |&g
%) o B & a pis pd >
= | 2| s 0 Clo || =
L
L
i
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl 4 0 0 0 0 0 0 |x Ez| = e) 0 0 0 0 pd
w| 2 SBIgE S| 3 2
@ 2P125| 2 | < A
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 8-1. Main Configuration Register (MCR)
Table 8-3. MCR field descriptions
Field Description
OWREN Overwrite enable

This bit enables or disables the functionality to overwrite unread converted data.
0 Prevents overwrite of unread converted data; new result is discarded.
1 Enables converted data to be overwritten by a new conversion.
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Table 8-3. MCR field descriptions (continued)

Field

Description

WLSIDE

Write left/right-aligned
0 The conversion data is written right-aligned.
1 Data is left-aligned (from 15 to (15 — resolution + 1)).

MODE

One Shot/Scan

0 One Shot Mode—Configures the normal conversion of one chain.

1 Scan Mode—Configures continuous chain conversion mode; when the programmed
chain conversion is finished it restarts immediately.

NSTART

Normal Start conversion

Setting this bit starts the chain or scan conversion. Clearing this bit during scan mode
causes the current chain conversion to finish, then stops the operation.

This bit stays high while the conversion is ongoing (or pending during injection mode).
0 Causes the current chain conversion to finish and stops the operation.

1 Starts the chain or scan conversion.

JTRGEN

Injection external trigger enable

0 External trigger disabled for channel injection (injected conversion cannot be started
using an external signal).

1 External trigger enabled for channel injection.

JEDGE

Injection trigger edge selection

Edge selection for external trigger, if JTRGEN = 1.
0 Selects falling edge for the external trigger.

1 Selects rising edge for the external trigger.

JSTART

Injection start

Setting this bit will start the configured injected analog channels to be converted by
software. Clearing this bit has no effect, as the injected chain conversion cannot be
interrupted.

REF_RANGE_EXP

This is a control bit programmed by the user, which specifies the expected value of
MSR[REF_RANGE].
If the expected value does not match with the actual value, an ISR bit is set.

CTUEN

Cross Trigger Unit Enable
0 The cross triggering unit is disabled and the triggered injected conversion cannot occur.
1 The cross triggering unit is enabled and the triggered injected conversion can occur.

STCL

Self Testing Configuration Lock

0 No lock

1 The self-testing configuration is locked i.e. STCR1, STCR2, STCR3, STBRR, STAWOR,
STAW1AR, STAW1BR, STAW2R, STAW3R, STAW4R, STAW5R are write-protected. It
can be used only in CPU and SCAN mode. The lock bit is cleared only by a peripheral
reset.

ADCLKSEL

Analog clock frequency selector
If this bit is set the AD_clk frequency is equal to the system clock frequency. Otherwise, it is
half of the system clock frequency. This bit can be written in power-down mode only.

ABORTCHAIN

Abort Chain

When this bit is set, the ongoing chain conversion is aborted. This bit is cleared by hardware
as soon as a new conversion is requested.

0 Conversion is not affected.

1 Aborts the ongoing chain conversion.
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Table 8-3. MCR field descriptions (continued)

Field Description

ABORT Abort Conversion

When this bit is set, the ongoing conversion is aborted and a new conversion is invoked. This
bit is cleared by hardware as soon as a new conversion is invoked.

0 Conversion is not affected.

1 Aborts the ongoing conversion.

ACKO Auto-clock-off enable

If set, this bit enables the Auto clock off feature.
0 Auto clock off is disabled.

1 Auto clock off is enabled.

PWDN Power-down enable

When this bit is set, the analog module is requested to enter Power Down mode. When ADC
status is PWDN, clearing this bit starts ADC transition to idle mode.

0 ADC is in normal mode.

1 ADC has been requested to power down.

8.3.2.2 Main Status Register (MSR)
The Main Status Register (MSR) provides status bits for the ADC.

Address: Base + 0x004 Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R t =

)
|k k| 2 <
ojojojojojo|o0o|E|Q]|]Oo|O0|Z|xz|O0]|O0]|h
()] < 7)) Ll_l )
=2 - ] i (I—-)

i

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 27 28 29 30 31

CHADDR 0 0 0 ADCSTATUS

ACKO|R
o
o

we [ ] [ [ |
Reset 0 O o0 OO0} O0 o0 OO0 O0,0 O O OO o0 o0 1

Figure 8-2. Main Status Register (MSR)

Table 8-4. MSR field descriptions

Field Description
NSTART This status bit is used to signal that a normal conversion is ongoing.
JABORT This status bit is used to signal that an injected conversion has been aborted. This bit is reset

when a new injected conversion starts.

JSTART This status bit is used to signal that an injected conversion is ongoing.
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Table 8-4. MSR field descriptions (continued)

Field Description

REF_RANGE | This bit defines the voltage range for operation of the ADC. It is provided as an output by the

ADC, along with data, after every conversion.

0 Reference voltage is less than or equal to 3.6 V

1 Reference voltage is greater than 4.5 V

Note: If the reference voltage is outside of the ranges specified here, the value of REF_RANGE
can be 0 or 1 depending on the supply, process, and temperature.

CTUSTART This status bit is used to signal that a CTU conversion is ongoing. This bit is set when a CTU
trigger pulse is received and the CTU conversion starts. Otherwise, if Control Mode is enabled
this bit is reset when the CTU is disabled (CTUEN set to ‘0’).

CHADDR Channel under measure address
This status bit is used to signal which channel is under measure.

ACKO Auto-clock-off enable
This status bit is used to signal if the Auto-clock-off feature is on.

ADCSTATUS The value of this parameter depends on ADC status:
000 Idle

001 Power-down

010 Wait state

011 —

100 Sample

101 —

110 Conversion

111 —

8.3.3 Interrupt registers

8.3.3.1 Interrupt Status Register (ISR)
The Interrupt Status Register (ISR) contains interrupt status bits for the ADC.

Address: Base + 0x010 Access: User read/write
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

o
o
o
o
o

Reset 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 w

O]

Z P | JEO | JEC

E;( 0 0 0 0 0 0 0 0 0 0 O EOC | ECH

I le) C H

TR i}

L

o
W| wic wic | wic | wic | wic | wic

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

Figure 8-3. Interrupt Status Register (ISR)
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Interrupt signals EOCTU, JEOC, JECH EOC, and ECH (along with interrupt signals WDG_EOA S,
WDG_EOA _RC and WDG_EOA_C in the STSR1 register) are routed to the INTC as the ADC_EOC
interrupt source. Interrupt signal REF_RANGE (along with interrupt signals WDSERR, WDTERR,
ERR_C, ERR_RC, ERR_S2, ERR_S1, ERR_SO0 in the STSR1 register) is routed to the INTC as the
ADC_ER interrupt source.

Table 8-5. ISR field descriptions

Field Description
REF_RANGE | This bit is set if REF_RANGE output from the ADC does not match with the expected value
programmed in the MCR.
EOCTU End of CTU Conversion interrupt flag. It is the interrupt of the digital end of conversion for the
CTU channel; active when set. When this bit is set, an EOCTU interrupt has occurred.

JEOC End of Injected Channel Conversion interrupt flag. It is the interrupt of the digital end of
conversion for the injected channel; active when set. When this bit is set, a JEOC interrupt has
occurred.

JECH End of Injected Chain Conversion interrupt flag. It is the interrupt of the digital end of chain
conversion for the injected channel; active when set. When this bit is set, a JECH interrupt has
occurred.

EOC End of Channel Conversion interrupt flag. It is the interrupt of the digital end of conversion. When
this bit is set, an EOC interrupt has occurred.

ECH End of Chain Conversion interrupt flag. It is the interrupt of the digital end of chain conversion.
When this bit is set, an ECH interrupt has occurred.

8.3.3.2 Channel Pending Register 0 (CEOCFRO0)
Address: Base + 0x014 Access: User read/write
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
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|EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC | EOC
_CH| _CH| CH| CH| CH| _ CH| CH|_ CH| _CH| _CH| CH| CH| _ CH|_CH|_CH|_CH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
W| wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wilc | wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-4. Channel Pending Register 0 (CEOCFRO)
Table 8-6. CEOCFRO field descriptions
Field Description
EOC_CH | This field indicates the end of conversion.

n 0 The measure of channel nis not complete.
1 The measure of channel nis complete.
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8.3.3.3 Interrupt Mask Register (IMR)

The Interrupt Mask Register (IMR) contains the interrupt enable bits for the ADC.

Address: Base + 0x020

Access: User read/write

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
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
Wi Z 2 lo |
= e lo|s |8 |3
! o | Y | Y o | w
L w ] = > >
e Y | 515 | o | o
1)
< |z |=2|=|2=
%)
=
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-5. Interrupt Mask Register (IMR)
Table 8-7. IMR field descriptions
Field Description
MSK_REF_RANGE | When set interrupt corresponding to REF_RANGE bit in ISR is enabled.
MSKEOCTU Mask bit for EOCTU
When set, the EOCTU interrupt is enabled.
MSKJEOC Mask bit for JEOC
When set, the JEOC interrupt is enabled.
MSKJECH Mask bit for JECH
When set, the JECH interrupt is enabled.
MSKEOC Mask bit for EOC
When set, the EOC interrupt is enabled.
MSKECH Mask bit for ECH
When set, the ECH interrupt is enabled.

8.3.3.4 Channel Interrupt Mask Register 0 (CIMRO)
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Access: User read/write

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
w

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

16 17 18 19 | 20 21 2 23 | 24 25 26 27 | 28 29 30 31

RicM|CIM|CIM|CIM|CIM|CIM|CIM|CIM|CIM|CIM|CIM|CIM | CIM | CIM | CIM | CIM
w!| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

Figure 8-6. Channel Interrupt Mask Register 0 (CIMRO)
Table 8-8. CIMRO field descriptions
Field Description
CIMn | This field enables the interrupt for channel n.

0 Interrupt for channel nis disabled.
1 Interrupt for channel nis enabled.

8.3.4

Address: Base + 0x030

0

1

2

3

4

5

6

7

8

9

10

11

Watchdog Threshold Interrupt Status Register (WTISR)

Access: User read/write

12

13

14

15

R|WDG|WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG | WDG
15H | 15L | 14H | 14L | 13H | 13L | 12H | 12L | 11H | 11L | 1OH | 1OL | 9H | 9L | 8H | 8L
W| wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic
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|WDG|WDG |WDG |WDG|WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG |WDG | WDG
7H | 7L | 6H | 6L | 5H | 5L | 4H | 4L | 3H | 3L | 2H | 2L | 1H | 1L | OH | OL
W| wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-7. Watchdog Threshold Interrupt Status Register (WTISR)
Table 8-9. WTISR field descriptions
Field Description
WDGnL |Reading this field indicates whether an interrupt has been generated due to the converted value being
lower than the programmed lower threshold.
0 Converted value is higher or equal to the programmed lower threshold (no interrupt generated)
1 Converted value is lower than the programmed lower threshold (interrupt is generated)
WDGnH | Reading this field indicates whether an interrupt has been generated due to the converted value being
higher than the programmed higher threshold.
0 Converted value is lower or equal to the programmed higher threshold (no interrupt generated)
1 Converted value is higher than the programmed higher threshold (interrupt is generated)
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8.3.5 Watchdog Threshold Interrupt Mask Register (WTIMR)

Address: Base + 0x034

Access: User read/write

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

w 0] (O] (O] (O] (0] (0] V) V)
8 a 8 a 8 a 8 ol 8 al 8 a o g o g
s |2|2(3|2|2|s|23|s|2|s|2|2|c|2 ¢

< & < & < & < & < & < < X X
%) %) %) %) %) %) %) () n n n n () ‘é’ () g

= = s = s = s b s b s = = =
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 T — I — T — T - T _ T - T - T _
5|6 | 8|38 |8 |38 |3 |3 |8 |3 |86 |6|6 |83
w| 8 g a g a g a g a g a g a g a g
slg|glg|s|gls|g|s|g|g|gls|g8|2|¢
] ] ) ] ) )] ) )] ) N ) N ) N ) n
= = s = s = s = s = s = s = s =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-8. Watchdog Threshold Interrupt Mask Register (WTIMR)

All Watchdog interrrupt signals are routed to the INTC as the ADC_WD interrupt source.

Table 8-10. WTIMR field descriptions

Field Description

lower threshold.
0 Interrupt is not enabled
1 Interrupt is enabled

MSKWDGnL | Mask bit for the interrupt generated due to the converted value being lower than the programmed

lower threshold.
0 Interrupt is not enabled
1 Interrupt is enabled

MSKWDGnH | Mask bit for the interrupt generated due to the converted value being lower than the programmed

8.3.6 DMA Enable Register (DMAE)

Address: Base + 0x040

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rro[oJofJoloJoJo[]o]olo]J]oJ]o]o[o]o]o
W
Rest 0 0 O O 0 O O O0O|O0O O O O] o0 o0 O0 O
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RrolJoJoJoJoJoloJ]oloJoJ]o]o] o] o [pcLlpwa
W R | EN
Rest 0 0 O O 0 O O O0O| 0O O O O] o0 o0 O0 ©

Figure 8-9. DMA Enable Register (DMAE)
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Table 8-11. DMAE field descriptions

Field Description
DCLR | DMA clear sequence enable
0 DMA request is cleared by an acknowledge from DMA controller
1 DMA request is cleared when a read of data registers occurs
DMAEN | DMA global enable
0 The DMA feature is disabled
1 The DMA feature is enabled

8.3.7 DMA Channel Select Register 0 (DMARO)
Address: Base + 0x044 Access: User read/write
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
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| DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA | DMA
wl| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-10. DMA Channel Select Register 0 (DMAROQ)
Table 8-12. DMARO field descriptions
Field Description
DMAn | DMA enable

0 DMA transfer for channel nis disabled
1 Channel nis enabled to transfer data in DMA mode

8.3.8

Address: See Table 8-2

Threshold Registers (THRHLRn)

Access: User read/write

‘12

0 1 2 3 4 5 6 10 1 13 14 15
R[ o 0 0 0
THRH
w
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R[ o 0 0 0
THRL
w
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 8-11. Threshold Registers (THRHLRn)
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Table 8-13. THRHLRn field descriptions

Field Description

THRH | High threshold value for channel n (see Section 8.4.6, “Programmable analog watchdog”)

THRL | Low threshold value for channel n (see Section 8.4.6, “Programmable analog watchdog”)

8.3.9 Presampling registers

8.3.9.1 Presampling Control Register (PSCR)

Address: Base + 0x080 Access: User read/write

o
-
N
w
N
[6)]
[}
~
[e0]
©
-
o
-
g
-
n
-
w
-
N
-
[6)]

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

Rl O 0 0 0 0 0 0 0 0 0 0 PRE
W PREVAL1 | PREVALO |CON
\

Reset O 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Figure 8-12. Presampling Control Register (PSCR)

Table 8-14. PSCR field descriptions

Field Description

PREVALA1 Internal voltage selection for presampling (see Table 8-15)
00 Select the VO internal presampling voltage

01 Select the V1 internal presampling voltage

10 Reserved

11 Reserved

PREVALO Internal voltage selection for presampling (see Table 8-15)
00 Select the VO internal presampling voltage

01 Select the V1 internal presampling voltage

10 Reserved

11 Reserved

PRECONV | Convert presampled value

0 The ADC will perform a sampling followed by a conversion

1 The ADC will perform a presampling followed by a conversion (the sampling is bypassed, so the
conversion result is that of the presampled value)

Table 8-15. Presampling voltages

PSCR[PREVALDO] voltage label Voltage for ADC_0 Voltage for ADC_1
Vo VDD_HV_ADRO VDD_HV_ADR1
V1 VSS_HV_ADRO VSS_HV_ADR1
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8.3.9.2 Presampling Register 0 (PSRO)
Address: Base + 0x084 Access: User read/write
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
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| PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE | PRE
w| S15|S14 | S13 | S12 | S11 | S10| S9 | S8 | S7 | S6 | S5 | S4 | S3 | S2 | S1 | SO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-13. Presampling Register 0 (PSRO0)
Table 8-16. PSRO field descriptions
Field Description
PRESn Presampling enable

0 Presampling for channel nis disabled
1 Presampling for channel nis enabled

8.3.10 Conversion timing registers

8.3.10.1

This register configures the conversion timing for channels 0-14. Timings for channel 15 (the TSENS
channel) are configured using CTRL1 (see Section 8.3.10.2, “Conversion Timing Register 1 (CTR1)™).

Conversion Timing Register 0 (CTRO)

Address: Base + 0x094

Access: User read/write

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
Rlo (25 0 0 0
MR OFFSHIFT INPCMP INPSAMP
-
Reset 0 0 0 0 0 0 1 0 0 0 0 0 ‘ 0 0 1 1

Figure 8-14. Conversion Timing Register 0 (CTRO)

Table 8-17. CTRO field descriptions

Field Description

INPLATCH | Configuration bit for latching phase duration (see Figure 8-15)
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Table 8-17. CTRO field descriptions (continued)

Field Description
OFFSHIFT | Configuration for offset shift characteristic
00 No shift (that is the transition between codes 000h and 001h) is reached when the Ay (analog input
voltage) is equal to 1 LSB.
01 Transition between code 000h and 001h is reached when the Ay is equal to1/2 LSB
10 Transition between code 00h and 001h is reached when the Ay is equal to 0
11 Not used
INPCMP | Configuration bits for comparison phase duration (see Table 8-18)
INPSAMP | Configuration bits for sampling phase duration (see Figure 8-15)
INPCMP =1 =10b =11b =00b

Tbiteval "
| | Tbiteval | p | |
> < | Tbiteval | Thiteval

T T B e

- |
| _l>|1/JT K |1 Tek |L°k|<—
1/2ck L — 1—>
INPLATCH=0 —>L'<7 I |
| | : | I | | ! |
4 | 1 Tck |1-5Tck ¢ | |
_ 1/2TcK o
INPLATCH=1 —>T—<— _’I—!‘_ -, | — P - :
|
*internally forced
Figure 8-15. Conversion timing
Table 8-18. Minimum AD_ck frequency
INPCMP AD_ck min. freq (MHz)
01 3
10 6
11 9
00 12
8.3.10.2 Conversion Timing Register 1 (CTR1)

This register configures the conversion timings for channel 15 (the TSENS channel).
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Access: User read/write

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
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 -
Wia (:E Q=
> E INPCMP INPSAMP Qm
=5 T
)
'_
Reset 0 0 0 0 0 0 1 0 0 0 0 0 ‘ 0 0 1 1
Figure 8-16. Conversion Timing Register 1 (CTR1)
Table 8-19. CTR1 field descriptions
Field Description
INPLATCH | Configuration bit for latching phase duration (see Figure 8-15)
INPCMP Configuration bits for comparison phase duration (see Table 8-18)
INPSAMP | Configuration bits for sampling phase duration (see Figure 8-15)
TSENSOR_ | Select the operating mode of the TSENS module (see Section 50.4, “Modes of operation”)
SEL 0 Select PTAT mode
1 Select CTAT mode

8.3.11

Mask registers

These registers are used to program which of the input channels must be converted during normal and
injected conversion.

8.3.11.1

Address: Base + 0x0A4

Normal Conversion Mask Register 0 (NCMRO)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R ololololololololo o o o lo]o]o
W
Rest 0 0 ©0 0 0 ©0 ©0 o0 .0 0 o0 o0 0 o0 o0 o
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
CH1 1 CH1 | CH1 | CH1 J CH1 1 CHY 1 oo | cHs | CHZ | CH6 | CHB | CH4 | cHa | cH2 | cH1 | cHo
w5l a3l 2]1]o0
Rest 0 0 ©0 0 0 ©0 ©0 0. .0 0 0 0]o0 0o o0 o

Figure 8-17. Normal Conversion Mask Register 0 (NCMRO0)
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Table 8-20. NCMRO field descriptions

Field Description
CHn Sampling enable
0 Sampling is disabled for channel n
1 Sampling is enabled for channel n
8.3.11.2 Injected Conversion Mask Register 0 (JCMRO0)

Address: Base + 0x0B4

Access: User read/write

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
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
CH1 | CH1 | CH1 | CHA | CHT | CHT | o9 | GHe | cH7 | CH6 | CHS | CH4 | CHa | cH2 | CH1 | cHo
wW| 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-18. Injected Conversion Mask Register 0 (JCMRO0)
Table 8-21. JCMRO field descriptions
Field Description
CHn Sampling enable

0 Sampling is disabled for channel n
1 Sampling is enabled for channel n

8.3.12 Power Down Exit Delay Register (PDEDR)

Address: Base + 0x0C8

Access: User read/write

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

17

24

25

30

31

26 27 ’ 28 29

Reset 0 0 0 0 0 0 0 0 0 0 0
Figure 8-19. Power-down Exit Delay Register (PDEDR)
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Table 8-22. PDEDR field descriptions

Field Description

PDED | The delay between the power-down bit reset and the start of conversion
The power down delay is calculated as: PDED x (1/frequency of ADC clock)

8.3.13 Channel Data Registers (CDRn)

Address: See Table 8-2. Access: User read/write
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 VA | OVE| RESULT
W LID | RW [0:1]
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| O 0 0 0 CDATA
w (MCR[WLSIDE] = 0)

Resetoooooooo\oooo\oooo

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

R CDATA 0 0 0 0
W (MCR[WLSIDE] = 1)

Resst 0 0 0 O0/0 ©0 o0 O[O0 o o0 o0/ 0 0 0 O
Figure 8-20. Channel Data Register n (CDRn)

Table 8-23. CDRn field descriptions

Field Description

VALID |Used to notify when the data is valid (a new value has been written). It is automatically cleared when
data is read.

OVERW | Overwrite data

This bit signals that the previous converted data has been overwritten by a new conversion. This
functionality depends on the value of MCR[OWREN]:

—When OWREN = 0, then OVERW is frozen to 0 and CDATA field is protected against being overwritten
until being read.

— When OWREN = 1, then OVERW flags the CDATA field overwrite status.

0 Converted data has not been overwritten

1 Previous converted data has been overwritten before having been read

RESULT | This field reflects the mode of conversion for the corresponding channel.
00 Data is a result of Normal conversion mode.

01 Data is a result of Injected conversion mode.

10 Data is a result of CTU conversion mode.

11 Reserved.

CDATA | Channel nconverted data. Depending on the value of the MCR[WLSIDE] bit, the position of this bitfield
can be changed as shown in Figure 8-20
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8.3.14 Channel Watchdog Selection Registers (CWSELn)

Address: Base + 0x2B0

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
\; WSEL_CH7 WSEL_CH6 WSEL_CH5 WSEL_CH4
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
\; WSEL_CH3 WSEL_CH2 WSEL_CH1 WSEL_CHO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-21. Channel Watchdog Selection Register 0 (CWSELO0)

Address: Base + 0x2B4

0

Access: User read/write

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
W WSEL_CH15 WSEL_CH14 WSEL_CH13 WSEL_CH12
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 3
W WSEL_CH11 WSEL_CH10 WSEL_CH9 WSEL_CH8
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-22. Channel Watchdog Selection Register 1 (CWSEL1)
Table 8-24. CWSELn field descriptions
Field Description
WSEL_CHn

for channel n
0000 THRHLRO register is selected
0001 THRHLR1 register is selected

1110 THRHLR14 register is selected
1111 THRHLR15 register is selected

Selects the threshold register that provides the values to be used for upper and lower thresholds
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8.3.15 Channel Watchdog Enable Register 0 (CWENRO)

Address: Base + Ox2EO Access: User read/write

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
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R|CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE | CWE
w/| N15 | N14 | N13 | N12 | N11 | N10 | N9 N8 N7 | N6 N5 N4 N3 | N2 N1 NO
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-23. Channel Watchdog Enable Register 0 (CWENRO)
Table 8-25. CWENRO field descriptions
Field Description
CWENnN Enables the watchdog feature for channel n

0 The watchdog feature for channel nis disabled
1 The watchdog feature for channel nis enabled

8.3.16 Analog Watchdog Out of Range Register 0 (AWORRO)

Address: Base + 0x2F0

Access: User read/write

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
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
sz |z |z |22 |22z |2|2|f |28 |5 |¢
5 5 5 5 5 5 < < S S S < S S S S
: : : : : ' | | | | | | o | o ||
cls|s|sg|s|glglglglglglg|glg ¢
% % % % % % < < < < < < < < < <
W| wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-24. Analog Watchdog Out of Range Register 0 (AWORRO0)
Table 8-26. AWORRO field descriptions
Field Description
AWOR_ |Out of range indicator
CHn 0 Channel n converted data is in range
1 Channel n converted data is out of range
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8.3.17 Self test registers

8.3.17.1

Self Test Configuration Register 1 (STCR1)
Address: Base + 0x340 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R
W INPSAMP_C INPSAMP_RC
Reset 0 0 0 1 ] 1 0 0 0 0 0 0 1 ] 1 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
T
R 0 0 0 0 0 5
w <
ST S
INPSAMP_S INPCMP | &
!
N
Reset 0 0 1 0 0 1 0 1 0 0 0 0 0 1 1 1

Figure 8-25. Self Test Configuration Register 1 (STCR1)

Table 8-27. STCR1 field descriptions

Field

Description

INPSAMP_C

Sampling phase duration for the test conversions related to the algorithm C. Valid self-test
values for this field are given below.

Minimum: Ox18

Maximum: OxFF

INPSAMP_RC

Sampling phase duration for the test conversions related to the algorithm RC. Valid self-test
values for this field are given below.

Minimum: 0x60

Maximum: OxFF

INPSAMP_S

Sampling phase duration for the test conversions related to the algorithm S. Valid self-test
values for this field are given below.

Minimum: OxFF

Maximum: OxFF

ST_INPCMP

Configuration bits for comparison phase duration for self test channel (as in Table 8-18 for
normal conversion)

ST_INPLATCH

Configuration bits for latching phase duration for self test channel (as in Figure 8-15 for
normal conversion)
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8.3.17.2 Self Test Configuration Register 2 (STCR2)

Address: Base + 0x344

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 O 8 1)
W o o %) < L <
T & ol S| &8 |o
21 |5 u R
s |z |2 0 2o |8
wn 2 ] 2] < ; <
= = = o |5 | @
= | 2| =
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 o c
O |8 |5 |3 |5 o
Wi ||| o | E |9 |& |9
T r ||| EN 212 | < <
¥ olwouy) 5|31z |22
g & %) %) %) <§E g - w -
= = = = = =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Figure 8-26. Self Test Configuration Register 2 (STCR2)
Table 8-28. STCR2 field descriptions
Field Description
MSKWDSERR Interrupt enable (STSR1[WDSERR] status bit)
0 Interrupt disabled
1 Enables the STSR1[WDSERR] status bit to generate an interrupt
SERR Error fault injection control. Setting this bit causes the STSR1[ERRn] status bits to be set.
MSKWDTERR Interrupt enable (STSR1[WDTERR] status bit)
0 Interrupt disabled
1 Enables the STSR1[WDTERR] status bit to generate an interrupt
MSKST_EOC Interrupt Enable bit for STSR1[ST_EOC]

0 Interrupt disabled
1 If IMRIMSKEOC] = 1, enables the STSR1[ST_EOC] status bit to generate an interrupt
indication

MSKWDG_EOA_C

Interrupt enable (STSR1[WDG_EOA_C] status bit)
0 Interrupt disabled
1 Enables the STSR1[WDG_EOA_C] status bit to generate an interrupt

MSKWDG_EOA_RC

Interrupt enable (STSR1[WDG_EOA_RC] status bit)
0 Interrupt disabled
1 Enables the STSR1[WDG_EOA_RC] status bit to generate an interrupt

MSKWDG_EOA_S

Interrupt enable (STSR1[WDG_EOA _S] status bit)
0 Interrupt disabled
1 Enables the STSR1[WDG_EOA_S] status bit to generate an interrupt

MSKERR_C

Interrupt enable (STSR1[ERR_C] status bit)
0 Interrupt disabled
1 Enables the STSR1[ERR_C] status bit to generate an interrupt
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Table 8-28. STCR2 field descriptions (continued)

Field Description

MSKERR_RC Interrupt enable (STSR1[ERR_RC] status bit)
0 Interrupt disabled
1 Enables the STSR1[ERR_RC] status bit to generate an interrupt

MSKERR_S2 Interrupt enable (STSR1[ERR_S2] status bit)
0 Interrupt disabled
1 Enables the STSR1[ERR_S2] status bit to generate an interrupt

MSKERR_S1 Interrupt enable (STSR1[ERR_S1] status bit)
0 Interrupt disabled
1 Enables the STSR1[ERR_S1] status bit to generate an interrupt

MSKERR_SO Interrupt enable (STSR1[ERR_SO0] status bit)
0 Interrupt disabled
1 Enables the STSR1[ERR_SO0] status bit to generate an interrupt

EN Self-test channel enable bit.

It enables the TEST channel only in CPU mode. In CTU trigger/control mode the enable is
provided directly by CTU. This bit should be set before starting the normal conversion and
should not be changed while conversion is ongoing. This bit should be cleared only after end
of conversion for the last self test channel has been received.

0 Test conversions are disabled

1 Test conversions are enabled

FMA_WDSERR Fault mapping for the Watchdog Sequence error.
0 NCF mapping
1 CF mapping

FMA_WDTERR Fault mapping for the Watchdog Timer error.
0 NCF mapping
1 CF mapping

FMA_C Fault mapping for the algorithm C.
0 NCF mapping
1 CF mapping

FMA_RC Fault mapping for the algorithm RC.
0 NCF mapping
1 CF mapping

FMA_S Fault mapping for the algorithm S.
0 NCF mapping
1 CF mapping
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8.3.17.3 Self Test Configuration Register 3 (STCR3)

Address: Base + 0x348 Access: User read/write
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| O 0 0 0 0 0 0 0 0
W ALG MSTEP

Reset 0 0 0 0 0 0 1 1 0 0 0 0 ‘ 0 0 0 0
Figure 8-27. Self Test Configuration Register 3 (STCR3)

Table 8-29. STCR3 field descriptions

Field Description

ALG Algorithm scheduling. This field has different functionality depending on the ADC mode
(one-shot or scan).

For one-shot mode:

00 Algorithm S (single step = MSTEP)
01 Algorithm RC (single step = MSTEP)
10 Algorithm C (single step = MSTEP)
11 Algorithm S

For test/debug purposes

For scan mode:

00 Algorithm S

01 Algorithm RC

10 Algorithm C

11 Algorithm S + algorithm RC + algorithm C

The baud rate for the execution of the selected algorithm is defined by the STBRR register.

MSTEP For one-shot mode, defines the current step for algorithms S, RC, and C as follows:
* For algorithm S: MSTEP =0 to 2

e For algorithm C: MSTEP =0 to 16

* For algorithm RC: MSTEP =0 to 18

For scan mode, this field is not used and should be programmed to 0b00. This is because in
scan mode performs only single-step execution (interleaved mode).
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8.3.17.4 Self Test Baud Rate Register (STBRR)

Address: Base + 0x34C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0
WDT
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R| O 0 0 0 0 0 0 0
BR
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Figure 8-28. Self Test Baud Rate Register (STBRR)
Table 8-30. STBRR field descriptions
Field Description
WDT Watchdog timer value. This value is used to monitor that the algorithm sequence is correctly
executed within the safe time period. The self testing watchdog is enabled by setting the
STAWnNR[WDTE] control bits. A fixed pre-scaler runs on the ADC clock (120 MHz).
000 0.1 ms
001 0.5ms
010 1ms
011 2ms
100 5ms
101 10ms
110 20 ms
111 50 ms
BR Baud rate for the selected algorithm in scan mode (MCR[MODE] = 1). You should program
this field before enabling the self test channel.
0x00 Maximum scheduling rate (nominal rate)
0xFF Minimum scheduling rate (nominal rate scaled by 255)
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8.3.17.5 Self Test Status Register 1 (STSR1)

Address: Base + 0x350 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R OI 8 (D\
o s s O < | <
& Tl = ]|0 o |5 1|90
0 0 0 0 %) 0 = E l-l-ll 0 0 0 0 LlJ| i l-l-"
o) o) S = 10} o
= = |0 | w» a |8 |o
= = =
w wic wic | wic | wic wic | wic | wic
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
RlRo |8 |8 |5 | 8
c |l | od | d L]0 STEP_C STEP_RC
E oc c o o
L L L L
W| wic | wic | wic | wic | wic
Resst 0 O O 0|0 O O O ] 0o o0 0 o0 ] 0o o0 0o o0

Figure 8-29. Self Test Status Register 1 (STSR1)

Self Test End of Algorithm interrupt signals WDG_EOA_S, WDG_EOA_RC and WDG_EOA_C (along
with interrupt signals EOCTU, JEOC, JECH EOC, and ECH in the ISR register) are routed to the INTC
as the ADC_EOC interrupt source. Interrupt signals WDSERR, WDTERR, ERR_C, ERR_RC, ERR_S2,
ERR_S1, ERR_SO (along with REF_RANGE in the ISR register ) are routed to the INTC as the ADC_ER
interrupt source.

Table 8-31. STSR1 field descriptions

Field Description

WDSERR Watchdog sequence error of the ADC sub-system (check for algorithm step sequence). It
generates an interrupt if enabled (STCR2[MSKWDSERR] = 1). It provides the fault indication
to the FCCU, asserting CF or NCF according to the STCR2[FMA_WDSERR] mapping.

0 no failure

1 failure occurred

WDTERR Watchdog timer error of the ADC sub-system (algorithm check for completion within safe
time). It generates an interrupt if enabled (STCR2[MSKWDTERR] = 1). It provides the fault
indication to the FCCU, asserting CF or NCF according to the STCR2[FMA_WDTERR]
mapping.

0 no failure

1 failure occurred

OVERWR Overwrite error. Used to notify when the STSR1[ERRn] bit is overwritten by a newer one. The
new error status is written or discarded according to the MCR[OWREN] bit value. To avoid
OVERWR indication, the ERRn status bit must be cleared (via SW).

ST_EOC Self Test EOC Bit. If IMR[MSKEOC] = 1, this bit is set along with EOC bit when
end_of_conversion signal is received from ADC analog for self test channel. It generates an
interrupt if enabled by STCR2[MSKST_EOQOC].
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Table 8-31. STSR1 field descriptions (continued)

Field Description

WDG_EOA_C This bit indicates that Algorithm C has been completed. This bit is set after the last step of the
algorithm is executed. It generates an interrupt if enabled (STCR2[MSKWDG_EOA_C] =1).
This bit is set only if STAW4AR[WDTE] = 1.

For CTU conversions, this bit is significant only for Burst mode of operation.

WDG_EOA_RC This bit indicates that Algorithm RC has been completed. This bit is set after the last step of
the algorithm is executed. It generates an interrupt if enabled
(STCR2[MSKWDG_EOA_RC] = 1). This bit is set only if STAW3R[WDTE] = 1.

For CTU conversions, this bit is significant only for Burst mode of operation.

WDG_EOA_S This bit indicates that Algorithm S has been completed. This bit is set after the last step of
algorithm S is executed. It generates an interrupt if enabled

(STCR2[MSKWDG_EOA_S] = 1). This bit is set only if STAWOR[WDTE] = 1.

For CTU conversions, this bit is significant only for Burst mode of operation.

ERR_C Indicates an error on the self testing channel (algorithm C). It generates an interrupt if enabled
(STCR2[MSKERR_C] = 1). It provides the fault indication to the FCCU, asserting the
programmed fault line (STCR2[FMAn])

You can also set the ERR_C bit (fault injection) by setting the STCR2[SERR] bit. In this case
the CF or NCF lines are asserted according to the STCR2[FMAn] mapping.

0 No C-algorithm error has occurred

1 A C-algorithm error has occurred

ERR_RC Indicates an error on the self testing channel (algorithm RC). It generates an interrupt if
enabled (STCR2[MSKERR_RC] = 1). It provides the fault indication to the FCCU, asserting
the programmed fault line (STCR2[FMAn])

You can also set the ERR_RC bit (fault injection) by setting the STCR2[SERR] bit. In this case
the CF or NCF lines are asserted according to the STCR2[FMAn] mapping.

0 No RC-algorithm error has occurred

1 An RC-algorithm error has occurred

ERR_S2 Indicates an error on the self testing channel (algorithm SUPPLY, step 2). It generates an
interrupt if enabled (STCR2[MSKERR_S2] = 1). It provides the fault indication to the FCCU,
asserting the programmed fault line (STCR2[FMAn])

You can also set the ERR_S2 bit (fault injection) by setting the STCR2[SERR] bit. In this case
the CF or NCF lines are asserted according to the STCR2[FMAn] mapping.

0 No error has occurred on the sampled signal

1 An error has occurred on the sampled signal

ERR_S1 Indicates an error on the self testing channel (algorithm SUPPLY, step 1). It generates an
interrupt if enabled (STCR2[MSKERR_S1] = 1). It provides the fault indication to the FCCU,
asserting the programmed fault line (STCR2[FMAn])

You can also set the ERR_S1 bit (fault injection) by setting the STCR2[SERR] bit. In this case
the CF or NCF lines are asserted according to the STCR2[FMAn] mapping.

0 No VDD error has occurred

1 A VDD error has occurred

ERR_SO Indicates an error on the self testing channel (algorithm SUPPLY, step 0). It generates an
interrupt if enabled (STCR2[MSKERR_SO] = 1). It provides the fault indication to the FCCU,
asserting the programmed fault line (STCR2[FMAn])

You can also set the ERR_SO bit (fault injection) by setting the STCR2[SERR] bit. In this case
the CF or NCF lines are asserted according to the STCR2[FMAn] mapping.

0 No VREF error has occurred

1 A VREF error has occurred
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Table 8-31. STSR1 field descriptions (continued)

Field Description
STEP_C Step of the algorithm C when an ERR_C has occurred.
0.. (NUM_C_STEPS-1) => algorithm C
STEP_RC Step of the algorithm RC when an ERR_RC has occurred.
0.. (NUM_RC_STEPS-1) => algorithm RC

8.3.17.6 Self Test Status Register 2 (STSR2)

Address: Base + 0x354 Access: User read only

0 1 2 3 4 5 6 7 ’ 8 9 10 11 ’ 12 13 14 15
R[ ov
2 lololo DATAT
w [ [ ] [ [ ]
Resst 0 0 ©0 ©0|0 O 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
RfoJo]o]o DATAO
w | [ [ ] [ [ ]
Resest 0 0 ©0 ©0|0 0 0 0,0 0 0 0 0 0 0 0

Figure 8-30. Self Test Status Register 2 (STSR2)

Table 8-32. STSR2 field descriptions

Field Description
OVFL Overflow bit. This bit is set when the divisor is zero. If this happens, the STSR1[ERR_S1] bit
is also set.
DATA1 Test channel converted data when the ERR_S1 has occurred.
algorithm S (step1) => fractional part of the ratio TEST(step1)/TEST (step0) = VDD/VBGAP
DATAO Test channel converted data when the ERR_S1 has occurred.
- algorithm S (step1) => integer part of the ratio TEST(step1)/TEST (step0) = VDD/VBGAP

8.3.17.7 Self Test Status Register 3 (STSR3)

Address: Base + 0x358 Access: User read only

0 1 2

w
IN
(4]
()

Rl O 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-31. Self Test Status Register 3 (STSR3)
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Table 8-33. STSR3 field descriptions

Field Description

DATA1 Test channel converted data when the ERR_S2 has occurred.
- algorithm S (step2) => TEST channel data = VREF/VREF

DATAO Test channel converted data when the ERR_SO has occurred.
- algorithm S (step0) => TEST channel data = VBGAP/VREF

8.3.17.8 Self Test Status Register 4 (STSR4)

Address: Base + 0x35C Access: User read only
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
Rl O 0 0 0 DATA1
w [ [ [

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

Rl O 0 0 0 DATAO

w L [ [ [ 1 [ |

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-32. Self Test Status Register 4 (STSR4)

Table 8-34. STSR4 field descriptions

Field Description

DATA(1 Test channel converted data when the ERR_C has occurred.
- algorithm C => TEST channel data

DATAO Test channel converted data when the ERR_RC has occurred.
- algorithm RC => TEST channel data

8.3.17.9 Self Test Data Register 1 (STDR1)

Address: Base + 0x370 Access: User read only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R VALI | OVE
0 0 0 0 0 0 0 0 0 0 0 0 D |RWR 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rl O 0 0 0 TCDATA

w L [ [ [ 1 [ |

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-33. Self Test Data Register 1 (STDR1)
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Table 8-35. STDR1 field descriptions

Field Description

VALID Valid data. Used to notify when the data is valid (a new value has been written). It is
automatically cleared when data is read.

OVERWR Overwrite data. Used to notify when a conversion data is overwritten by a newer result. The
new data is written or discarded according to the MCR[OWREN] bit value.

TCDATA Test channel converted data

8.3.17.10 Self Test Data Register 2 (STDR2)

Address: Base + 0x374 Access: User read only
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
R FDATA VgLI F?V\\/IE{ 0 0
we | [ ] [ [ ] [ [ ]
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 IDATA

w [ [ [ [ [ |

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-34. Self Test Data Register 2 (STDR2)

Table 8-36. STDR2 field descriptions

Field Description
FDATA Fractional part of the ratio TEST(step1)/TEST (step0) = VDD/VBGAP for the algorithm S.
VALID Valid data. Used to notify when the data is valid (a new value has been written). It is

automatically cleared when data is read.

OVERWR Overwrite data. Used to notify when a conversion data is overwritten by a newer result. The
new data is written or discarded according to the MCR[OWREN] bit value.

IDATA Integer part of the ratio TEST(step1)/TEST (step0) = VDD/VBGAP for the algorithm S
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8.3.17.11 Self Test Analog Watchdog Register 0 (STAWOR)

Address: Base + 0x380

Access: User read/write

0 1 2 3 4 5 6 7 ‘ 8 9 10 1 ‘ 12 13 14 15
Rl Aw |wDT| O
wl DE | E THRH

Reset 0 0

16 17

31

R| O 0

W

Reset 0 0

0 0 0 1 0

0\1 1 0

Figure 8-35. Self Test Analog Watchdog Register 0 (STAWOR)

Table 8-37. STAWOR field descriptions

Field Description
AWDE Analog watchdog enable
0 The analog watchdog related to the algorithm S (step 0) is disabled
1 The analog watchdog related to the algorithm S (step 0) is enabled
WDTE Watchdog timer enable. The watchdog timer verifies:
¢ Correct sequence of the algorithm (step sequence)
» Execution of the algorithm within the safe time period as defined by STBRR[WDT]
As soon as the watchdog timer is enabled the algorithm starting must be detected within the
safe time period. The watchdog timer is reset each time the algorithm restarts.
Note: This bit should be set only in scan mode.
0 The watchdog timer related to the algorithm S is disabled
1 The watchdog timer related to the algorithm S is enabled
THRH High threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]
status bit is set if STDR1[TCDATA] > THRH.
THRL Low threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]
status bit is set if STDR1[TCDATA] < THRH..

8.3.17.12 Self Test Analog Watchdog Register 1A (STAW1AR)

Address: Base + 0x384

0 1 2

w
~
o
o

Access: User read/write

11 ‘ 12 13 14 15

Rl AW 0 0
w| DE

THRH

Reset 0 0 0 0 0 0 0

16 17 18 19 20 21 22

23 ‘ 24 25 26

Rl O 0 0 0
w

THRL

Reset 0 0 0 0 0 0 0

o\ooo

0\0001

Figure 8-36. Self Test Analog Watchdog Register 1A (STAW1AR)
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Table 8-38. STAW1AR field descriptions

Field Description
AWDE Analog watchdog enable
0 The analog watchdog related to the algorithm S (step 1) is disabled
1 The analog watchdog related to the algorithm S (step 1) is enabled
THRH High threshold value (integer part) for test channel for algorithm S (step 1) (unsigned coding)
THRL Low threshold value (integer part) for test channel for algorithm S (step 1) (unsigned coding)

8.3.17.13 Self Test Analog Watchdog Register 1B (STAW1BR)

Address: Base + 0x388

Access: User read/write

0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R 0 0
THRH
w
Rest 0 0 0 O | 0 0 1 1] 1 1 1 01 o o0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
Rl O 0 0 0
THRL
w
Reset 0 0 0 0 | 1 1 10 | 1 1 0o 1]/0 0 0 O
Figure 8-37. Self Test Analog Watchdog Register 1B (STAW1BR)
Table 8-39. STAW1BR field descriptions
Field Description
THRH High threshold value (fractional part) for test channel for algorithm S (step 1)(unsigned
coding)
THRL Low threshold value (fractional part) for test channel for algorithm S (step 1) (unsigned
coding)

8.3.17.14 Self Test Analog Watchdog Register 2 (STAW2R)

Address: Base + 0x38C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl aw | © 0 0 0 0 0 0 0 0 0
w!| DE
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 0 0 0 0
THRL
w
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 0 0 1

Figure 8-38. Self Test Analog Watchdog Register 2 (STAW2R)
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Table 8-40. STAW2R field descriptions

Field Description
AWDE Analog watchdog enable
0 The analog watchdog related to the algorithm S (step 2) is disabled
1 The analog watchdog related to the algorithm S (step 2) is enabled
THRL Low threshold value for channel n (unsigned coding). If the analog watchdog is enabled, the
STSR1[ERR_S2] status bit is set if STDR1[TCDATA] <THRL.

8.3.17.15 Self Test Analog Watchdog Register 3 (STAW3R)

Address: Base + 0x390

Access: User read/write

0 1 2 3 4 5 6 7 ’ 8 9 10 11 ’ 12 13 14 15
Rl Aw |wDT| O
w!| DE E THRH
Reset 0 0 o0 o0 1 o o o0 1 1 01 1 0 1
16 17 18 19 20 21 22 23 ’ 24 25 26 27 ’ 28 29 30 31
Rl O 0 0 0
THRL
w
Reset 0 0 o o0 0 1|1 1[1 o o 10 0 1 1
Figure 8-39. Self Test Analog Watchdog Register 3 (STAW3R)
Table 8-41. STAW3R field descriptions
Field Description
AWDE Analog watchdog enable
0 The analog watchdog related to the algorithm RC is disabled
1 The analog watchdog related to the algorithm RC is enabled
WDTE Watchdog timer enable. The watchdog timer verifies:
» Correct sequence of the algorithm (step sequence)
* Execution of the algorithm within the safe time period as defined by STBRR[WDT]
As soon as the watchdog timer is enabled the algorithm starting must be detected within the
safe time period. The watchdog timer is reset each time the algorithm restarts.
Note: This bit should be set only in scan mode.
0 The watchdog timer related to the algorithm RC is disabled
1 The watchdog timer related to the algorithm RC is enabled
THRH High threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]
status bit is set if STDR1[TCDATA] > THRH.
THRL Low threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]
status bit is set if STDR1[TCDATA] < THRH.
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8.3.17.16 Self Test Analog Watchdog Register 4 (STAW4R)

Address: Base + 0x394 Access: User read/write
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R| Aw |wDT| O
w!| DE E THRH

Resetoooo1ooo\oo1o\1ooo

16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R| O 0 0 0

w
Resetooooo111\11o1\1ooo

Figure 8-40. Self Test Analog Watchdog Register 4 (STAW4R)

Table 8-42. STAWA4R field descriptions

Field Description

AWDE Analog watchdog enable
0 The analog watchdog related to the algorithm C is disabled
1 The analog watchdog related to the algorithm C is enabled

WDTE Watchdog timer enable. The watchdog timer verifies:

¢ Correct sequence of the algorithm (step sequence)

» Execution of the algorithm within the safe time period as defined by STBRR[WDT]

As soon as the watchdog timer is enabled the algorithm starting must be detected within the
safe time period. The watchdog timer is reset each time the algorithm restarts.

Note: This bit should be set only in scan mode.

0 The watchdog timer related to the algorithm C is disabled

1 The watchdog timer related to the algorithm C is enabled

THRH High threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]

status bit is set if STDR1[TCDATA] > THRH.

Note: This value is valid only for the step 0 (refer to STAWS5R register for the other Algorithm
C steps).

THRL Low threshold value for channel n. If the analog watchdog is enabled, the STSR1[ERRn]

status bit is set if STDR1[TCDATA] < THRH.

Note: This value is valid only for the step 0 (refer to STAWSR register for the other Algorithm
C steps).
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8.3.17.17 Self Test Analog Watchdog Register 5 (STAW5R)

Address: Base + 0x398 Access: User read/write

0 1 2

Rl o] o] o
THRH
W

10 11 ‘ 12 13 14 15

w
N
o
)}
~
o

©

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

THRL
w

Resst 0 0 0 o0 0 o0 0[O0 o o 1[0 0 0 O
Figure 8-41. Self Test Analog Watchdog Register 5 (STAW5R)

Table 8-43. STAW5R field descriptions

Field Description

THRH High threshold value (unsigned coding) for the algorithm C (step1 to step CS-1). If the analog
watchdog is enabled (STAW4R[AWDE] = 1), the STSR1[ERR_C] status bit is set if
STDR1[TCDATA{Stepn}] - STDR1[TCDATA {algC-step0}] > THRH.

THRL Low threshold value (unsigned coding) for the algorithm C (step1 to step CS-1). If the analog
watchdog is enabled (STAW4R[AWDE] = 1), the STSR1[ERR_C] status bit is set if
STDR1[TCDATA {algC-step0}] - STDR1[TCDATA{Stepn}] > THRL.

8.4 Functional description

8.4.1 Inter-module communication

Figure 8-42 shows the modules that communicate with the ADC. In the figure, “ADCD” and “ADCA”
refer to the digital and analog components of the ADC, respectively.

Interrupt Lines BUS

-

DMA

Figure 8-42. ADC interaction with other modules

Figure 8-43 shows the CTU / ADC interface. Each ADC can be controlled by the CPU (CPU Control
Mode) or by the CTU (CTU Control Mode). The CTU can control the ADC sending an ADC command
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only when the ADC is in CTU Control Mode. The control mode is selected via a configuration bit. You
can dynamically switch this mode without generating a reset or a power-down; in this case, however, you
must not switch the mode while a conversion is in progress. During the CTU Control Mode, the CPU is
able to write in the ADC registers but it can not start a new conversion.

ADC_EOC
ADC_ER
DMA ADC_WD

TRIGGER_O
CH_O
NEXT_CMD_0
ADC_PUSH_O
ADC_DATA_O

A A

TRIGGER_1
CH_1
NEXT_CMD_1
ADC_PUSH_1
ADC_DATA_1

A A

DMA ADC_WD
ADC_ER
ADC_EOC

Figure 8-43. CTU/ADC interface

8.4.2 Analog channel conversion

Two conversion modes are available within the ADCDig:
* Normal conversion
* Injected conversion

8.4.2.1 Normal conversion

This is the normal conversion that the user programs by configuring the normal conversion mask registers
(NCMRs). Each channel can be individually enabled by setting ‘1’ in the corresponding NCMR field.
Mask registers must be programmed before starting the conversion and cannot be changed until the
conversion of all the selected channels ends (MSR[NSTART] is cleared).
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8.4.2.2 Start of normal conversion

The MSR[NSTART] status bit is automatically set when the normal conversion starts. At the same time
the MCR[NSTART] bit is cleared, allowing the software to program a new start of conversion. In that case
the new requested conversion starts after the running conversion is completed.

If the content of all the normal conversion mask registers is zero (that is, no channel is selected) the
conversion operation is considered completed and the interrupt ECH (see Section 8.4.8, “Interrupts”) is
immediately issued after the start of conversion.

8.4.2.3 Normal conversion operating modes

Two operating modes are available for the normal conversion:
* One Shot
e Scan
To enter one of these modes, you must program the MCR[MODE] bit. The first phase of the conversion

process involves sampling the analog channel and the next phase involves the conversion phase when the
sampled analog value is converted to digital as shown in Figure 8-44.

Sample B><Evaluate §<Sample C><Evaluate C><Sample D><Evaluate DA Sample E Evaluate E

Figure 8-44. Normal conversion flow

In One Shot Mode (MCR[MODE] = 0) a sequential conversion specified in the NCMRs is performed only
once. At the end of each conversion, the digital result of the conversion is stored in the corresponding data
register.

Example 8-1. One Shot Mode (MCR[MODE] = 0)

Channels A-B-C-D-E-F-G-H are present in the device where channels B-D-E are to be converted
in the One Shot Mode. MCR[MODE] = 0 is set for One Shot mode. Conversion starts from the
channel B followed by conversion of channels D-E. At the end of conversion of channel E the
scanning of channels stops.

The MSR[NSTART] status bit is automatically set when the normal conversion starts. At the same time
the MCR[NSTART] bit cleared, allowing the software to program a new start of conversion. In that case
the new requested conversion starts after the running conversion is completed.

In Scan Mode (MODE = 1), a sequential conversion of N channels specified in the NCMRs is
continuously performed. As in the previous case, at the end of each conversion the digital result of the
conversion is stored in the corresponding data register.

The MSR[NSTART] status bit is automatically set when the normal conversion starts. Unlike One Shot
Mode, the MCR[NSTART] bit is not cleared. It can be cleared by software when the user needs to stop
scan mode. In that case, the ADC completes the current scan conversion and, after the last conversion, also
clears the MSR[NSTART] bit. Indeed, an additional chain is executed after NSTART is cleared. |
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Example 8-2. Scan Mode (MCR[MODE] = 1)

Channels A-B-C-D-E-F-G-H are present in the device where channels B-D-E are to be converted
in the Scan Mode. MCR[MODE] = 1 is set for Scan Mode. Conversion starts from the channel B
followed by conversion of the channels D-E. At the end of conversion of channel E the scanning
of channel B starts followed by conversion of the channels D-E. This sequence repeats itself till the
MCR[NSTART] bit is cleared by software.

At the end of each conversion an End Of Conversion interrupt is issued (if enabled by the corresponding
mask bit) and at the end of the conversion sequence an End Of Chain interrupt is issued (if enabled by the
corresponding mask bit). Both ISR.EOC e and the channel specific CEOCFR.EOCCHXx shall be cleared
at the end of the ISR

8.4.2.4 Injected channel conversion

A conversion chain can be injected into the ongoing normal conversion by configuring the Injected
Conversion Mask Registers (JCMR). As normal conversion, each channel can be individually selected.
This injected conversion (which can only occur in One Shot mode) interrupts the normal conversion
(which can be in One Shot or Scan mode).When an injected conversion is inserted, ongoing channel
conversion is aborted and the injected channel request is processed. After the last channel in the injected
chain is converted, normal conversion resumes from the channel at which the normal conversion was
stopped as shown in Figure 8-45.

Sample B><Eva|uate %Sample C><Eva|uate ><Sample D><Evaluate ><Sample E><Evaluate é
4

[N .
, Injected conversion of channels | and J

<Sample (><Abort C ><Sample I><Evaluate ><Sample J><Eva|uate><8ample C><Evaluate é

The ongoing channel conversion is interrupted and the injected Normal conversion resumes from
conversion chain is processed first, after the injected chain is converted the last aborted channel.

the normal chain conversion resumes from the channel at which normal

conversion was aborted.

Figure 8-45. Injected sample/conversion sequence

The MSR[JSTART] status bit is automatically set when the injected conversion starts. At the same time
the MCR[JSTART] bit is cleared, allowing the software to program a new start of conversion. In that case
the new requested conversion starts after the running injected conversion is completed.

At the end of each injected conversion, an End Of Injected Conversion (JEOC) interrupt is issued (if
enabled by the corresponding mask bit) and at the end of the sequence an End Of Injected Chain (JECH)
interrupt is issued (if enabled by the corresponding mask bit).

If the content of all the injected conversion mask registers is zero (that is, no channel is selected) the
interrupt JECH is immediately issued after the start of conversion.
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Once started, injected chain conversion cannot be interrupted by any other conversion type. It can,
however, be aborted; see Section 8.4.2.5, “Abort conversion.”

8.4.2.5 Abort conversion

Two different abort functions are provided.

» The user can abort the ongoing conversion by setting the MCR[ABORT] bit. The current
conversion is aborted and the conversion of the next channel of the chain is immediately started
(generating a new start pulse to the Analog ADC). In the case of an abort operation, the
NSTART/JSTART bit remains set and the ABORT bit is cleared after the conversion of the next
channel starts. The EOC corresponding to the aborted channel is not generated. This behavior is
true for normal or triggered/injected conversion modes. If the last channel of a chain is aborted, the
end of chain is reported generating an ECH interrupt.

» ltisalso possible to abort the current chain conversion by setting the MCR[ABORTCHAIN] bit.
In that case the behavior of the ADC depends on the MCR[MODE] bit. In fact, if scan mode is
disabled, the NSTART bit is automatically cleared together with the ABORTCHAIN bit.
Otherwise, if the MODE bit is set, a new chain conversion is started. The EOC of the current
aborted conversion is not generated but an ECH interrupt is generated to signal the end of the chain.
When a chain conversion abort is requested (ABORTCHAIN bit is set) while an injected
conversion is running over a suspended normal conversion, both injected chain and normal
conversion chain are aborted (both the NSTART and JSTART bits are also cleared).

8.4.3 Analog clock generator and conversion timings

The clock frequency can be selected by programming the MCR[ADCLKSEL] bit. When this bit is set, the
ADC clock has the same frequency as the system clock. Otherwise, the ADC clock is half of the system
clock frequency. The MCR[ADCLKSEL] bit can be written only in power-down mode.

8.4.4 ADC sampling and conversion timing

In order to support different loading and switching times, several different conversion timing registers
(CTR) are present. There is one register per channel type.

When a conversion is started, the ADC connects the internal sampling capacitor to the respective analog
input pin, allowing the capacitor to charge up to the input voltage value. The time to load the capacitor is
referred to as sampling time. After completion of the sampling phase, the evaluation phase starts and all
the bits corresponding to the resolution of the ADC are estimated to provide the conversion result.

The conversion times are programmed via the bit fields of the CTR. Bit fields INPLATCH, INPCMP and
INPSAMP are used to define the sampling rate (fs = 1/Tgg) and the partition between sampling phase
duration (Tsampie) and total evaluation phase duration (Teya))-

In the following equations, the unit T refers to the reciprocal of the system clock which is then modified
by the value of the MCR.ADCCLKSEL field:

T,6 = (2-MCR.ADCCLKSEL)eT
ck sy

sck
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The minimum sampling phase duration is:

T =70Tck

sample

For INPSAMP > 8, the sampling phase duration is:

T = (INPSAMP-1) e T,

sample

The total evaluation phase duration is:

Teval = 12° Thiteval
The total conversion duration Ty, IS (not including external multiplexing) the time to perform the total
evaluation:

T T +T

conv ~ 'eval " 'sysck

The sampling rate is the time to perform sampling and evaluation:

T, =T

+
SR sample T

+
eval Tex

8.4.5 Presampling

Presampling allows to precharge or discharge the ADC internal capacitor before it starts
sampling/conversion of the analog input coming from pads. This is useful for resetting information
regarding the last converted data. During presampling, the analog ADC samples the internally generated
voltage while in the sampling the analog ADC samples analog input coming from pads.

Presampling can be enabled/disabled on a channel basis by setting the corresponding bits in the PSRs.

After enabling the presampling for a channel, normal sequence of operation will be
Presampling+Sampling+Conversion for that channel. Sampling of the channel can be bypassed by setting
the PSCR[PRECONV] bit. When sampling of a channel is bypassed, the sampled data of internal voltage
in the Presampling State will be converted (see Figure 8-46 and Figure 8-47).

Sample B><Evaluate %resample C><Samp|e C Evaluate C Presample ><Sample D><Evaluate D Sample E

Presampling is enabled in the channel C and D.

For channel B, the total number of conversion clock cycles = (Sample) + (Convert).

For channel C and D, the total number of conversion clock cycles = (Presample) + (Sample) + (Convert).

Figure 8-46. Presampling sequence
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<Sample B ><Evaluate B><Presample C><Evaluate C><Presample D>< Evaluate [><Sample E>< Evaluate E>

Presampling enabled in channel C and D but sampling is bypassed in these channels by setting PSCR[PRECONV] = 1.

For channel C and D, the total number of conversion clock cycles = (Presample) + (Convert).

Figure 8-47. Presampling sequence with PRECONV =1

The presampling channels implemented on this device are:
* For ADC_O0:
— VREFH ADC_0 = presampling channel 0
— VREFL ADC _0 = presampling channel 1
* For ADC _1:
— VREFH ADC_1 = presampling channel 0
— VREFL ADC_1 = presampling channel 1

NOTE

Presampling cannot be used to detect open faults which can rise outside the
MCU. Do not use this feature to detect open faults on the analog input.

8.4.6 Programmable analog watchdog

8.4.6.1 Introduction

The analog watchdogs are used for determining whether the result of a channel conversion lies within a
given guarded area (as shown in Figure 8-48) specified by an upper and a lower threshold value named

THRH and THRL respectively.

Analog voltage

THRH

Upper threshold

Guarded area

Lower threshold THRL

Figure 8-48. Guarded area

After the conversion of the selected channel, a comparison is performed between the converted value and
the threshold values. If the converted value lies outside that guarded area then corresponding threshold
violation interrupts are generated. The comparison result is stored as WDGxH and WDGXL bits in the
WTISR as explained in Table 8-44. Depending on the mask bits MSKWDGxL and MSKWDGXxH in the
WTIMR, an interrupt is generated on threshold violation.
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Table 8-44. Values of WDGxH and WDGXxL fields

WDGxH WDGXxL Converted data
1 0 converted data > THRH
0 1 converted data < THRL
0 0 THRL < converted data < THRH
NOTE

Avoid the situation where THRH < THRL. In this case, a WDGxH or
WDGKXL interrupt will always be generated, and this could lead to
misinterpretation of the watchdog interrupts.

8.4.7 DMA functionality

A Direct Memory Access (DMA) request can be programmed after the conversion of every channel, by
setting the respective masking bit in the DMARQO register. The DMA masking registers must be
programmed before starting any conversion.

The DMA transfers can be enabled using the DMAE[DMAEN] bit. When the DMAE[DCLR] bit is set,
the DMA request is cleared on the reading of the register for which DMA transfer has been enabled.

8.4.8 Interrupts

The ADC generates the following maskable interrupt signals:

» EOC (end of conversion) interrupt request

» ECH (end of chain) interrupt request

» JEOC (end of injected conversion) interrupt request

» JECH (end of injected chain) interrupt request

WDGXL and WDGxH (watchdog threshold) interrupt requests

 REF_RANGE (reference voltage comparison) interrupt request

» Self test interrupts
Interrupts are generated during the conversion process to signal events such as End Of Conversion as
explained in Section 8.3.3.2, “Channel Pending Register 0 (CEOCFRO0)”. Two registers named CEOCFR

(Channel Pending Registers) and IMR (Interrupt Mask Register) are provided in order to check and enable
the interrupt requests.

Interrupts can be individually enabled on a channel by channel base by programming the CIMR (Channel
Interrupt Mask Register).

Several Channel Interrupt Pending Registers are also provided in order to signal which of the channels’
measurement has been completed.

The analog watchdog interrupts are managed by two registers:
* Watchdog Threshold Interrupt Status Register (WTISR)
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» Watchdog Threshold Interrupt Mask Register (WTIMR)

The watchdog interrupt source sets two pending bits WDGxH and WDGXL in the WTISR for each of the
four channels being monitored.

The CEOCFR contains the interrupt pending request status. If the user wants to clear a particular interrupt
event status, then writing a ‘1’ to the corresponding status bit clears the pending interrupt flag (at this write
operation all the other bits of the CEOCFR must be maintained at ‘0’).

End of conversion interrupts for self test channel is similar to normal conversion channel. Same EOC and
ECH bits for normal conversion are set for self test channel also. Similar to other channels, self test channel
has Channel interrupt pending bit (ST_EOC) present in STSR1 and channel mask bit (MSKST_EOC) in
STCR2 (corresponding to bits for every channel in CEOCFR and CIMR registers). In addition, End of
Algorithm interrupts are also present which are handled by STSR1 and STCR2 registers.

Error interrupts related to Self Testing are handled by status bits in STSR1 and mask bits in STCR2
registers. If an error is generated due to analog watchdog monitoring or sequence checking of algorithm
or internal watchdog timer timeout, corresponding error bit is set in STSR1. The mask bits for these error
bits are present in STCR2 register.

8.4.9 Power-down mode

The analog part of the ADC can be put in a low-power mode, called “power-down mode,” by setting the
MCR[PWDN] bit. After releasing the reset signal the ADC analog module is kept in power-down mode
by default, so this state must be exited before starting any operation by clearing the appropriate bit in the
MCR.

The power-down mode can be requested at any time by setting the MCR[PWDN] bit. If a conversion is
ongoing, the ADC hard macrocell cannot immediately enter the power-down mode. In fact, the ADC
enters power-down mode only after completing the ongoing conversion. Otherwise, the ongoing operation
should be aborted manually by clearing the NSTART bit and using the ABORTCHAIN bit.

Bit ADCSTATUS[O0] in the MSR is set only when ADC enters power-down mode.

After the power-down phase is completed, the process that was occurring before the power-down phase
must be restarted manually (by setting the appropriate START bit).

After an exit from power-down mode, the first conversion can be started after 5 us, otherwise the result
can be affected by the improper setting of the ADC analog operating point.

CAUTION

You must not clear the MCR[PWDN] and set the MCR[NSTART] or
MCR[JSTART] bits during the same cycle.

See also Section 8.3.12, “Power Down Exit Delay Register (PDEDR).”

8.4.10 Auto-clock-off mode

To reduce power consumption during the IDLE mode of operation (without going into power-down mode),
an “auto-clock-off” feature can be enabled by setting the MCR[ACKOQ] bit. When enabled, the analog
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clock is automatically switched off when no operation is ongoing, that is, no conversion is programmed

by the user.

8.4.11 Self testing

8.4.11.1  General operation

For safety devices used for very critical applications, it is important to check at regular intervals if the ADC
is functioning correctly. For this purpose, Self Testing feature has been incorporated inside the ADC.

The self-tests use analog watchdogs to verify the result of self-test conversions. The threshold of these
watchdogs is saved in the test flash. Before running the self test, you must copy these values from the test

flash to the STAWXR registers.

Three types of Self Testing algorithms have been implemented inside ADC analog.

» Supply Self test: Algorithm S. It includes the conversion of the ADC internal bandgap voltage,
ADC supply voltage, and ADC reference voltage. It includes a sequence of 3 test conversions
(steps). The supply test conversions must be an atomic operation (no functional conversions

interleaved).

» Resistive-Capacitive Self test: Algorithm RC. It includes a sequence of 19 test conversions (steps)
by setting the ADC internal resistive digital-to-analog converter (DAC).

» Capacitive Self test: Algorithm C. It includes a sequence of 17 test conversions (steps) by setting
the capacitive elements comprising the sampling capacitor/ capacitive DAC.

The ADC implements an additional test channel dedicated for Self testing. It also provides signals to
schedule self testing algorithms using Configuration registers, monitors the converted data using analog
watchdog registers, flags the error to FCCU in case some failure occurs in any of the algorithms.

Test channel can be activated in CPU or CTU mode as described in Table 8-45.

Table 8-45. Test channel activation

ADC mode Test channel (ADC) Test channel (CTU)
CPU mode (MCR[CTUEN] = 0) | Yes (one shot mode and scan No
mode)
CTU control mode No Yes

8.4.11.2 CPU mode

In this case, test channel works similar to normal conversion. In CPU mode, test channel is enabled by

setting STCR2[EN].

The Self testing channel conversions are carried along with the functional conversions. The sequencing of
steps of the selected algorithm for test channel depends on the operating mode of normal conversions

interleaved, selected by the MCR[MODE] bit.
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In One shot mode, if test channel is enabled, only one step of selected Self Testing algorithm is executed
at the end of the chain. The step number and algorithm to be executed is programmed in STCR3 register.
So, in one shot mode the sequence will be as follows:

Program NCMRO to select channels to be converted for normal conversion.
Program MCR[MODE] = 0 to select one shot mode.

Program sampling duration values in STCR1[INPSAMPn] field.

Select the Self Testing algorithm in STCR3.ALG. Default is Algorithm S.
Enable self testing channel by setting EN bit in the STCR2 register.

Start the normal conversion by setting NSTART bit in the MCR.

All normal conversions are executed as usual.

At the end of all the normal conversions, Step Number programmed in STCR3.MSTEP field of
Self testing algorithm selected by STCR3.ALG is executed similar to a normal functional channel.

On receiving end of conversion for test channel, the digital result is written in STDR1. TCDATA
and STDR1.VALID bit is set. Also, EOC and ECH bits are set in the ISR and ST_EOC bit is set in
STSR1.

State Machine returns to IDLE state.

Example 8-3.

Channels A-B-C-D-E-F-G-H are present in the device where channels B-D-E are to be converted
in the One Shot Mode. MODE=0 is set for One Shot mode. The result is shown in Figure 8-49.
Conversion for channels B-D-E are done. After channel E test channel conversion is done and
ISR.ECH and ISR.EOC are set.

<Samp|e B ><Convert B><Samp|e D >‘<Convert D><Sample E ><Convert E>< Sample Tes Convert Te}

Figure 8-49. Test channel conversion example

The NSTART status bit of MSR is automatically set when the Normal conversion starts and is reset at the
end of conversion for test channel.

In Scan Mode, consecutive steps of selected self test algorithm are converted continuously at the end of
each chain of normal conversions. The number of channels converted at the end of each chain is 1 (except
for Algorithm S, in which all the steps are performed at once without any functional conversion
interleaved). So, in scan mode the sequence will be as follows.

Program NCMRO to select channels to be converted for normal conversion.
Program MODE =1 in the MCR to select scan mode.
Program sampling duration values in STCR1.INPSAMPX field.

Select the Self Testing algorithm in STCR3.ALG. By default, all three algorithms are selected i.e.
all algorithms will be executed step by step one after the other.

Enable self testing channel by setting EN bit in STCR2 register.
Start the normal conversion by setting MCR[NSTART].
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* All normal conversions are executed as usual.

» At the end of chain of the normal conversions, (assuming default value of STCR3.ALG) all steps
of Algorithm S are performed (as Algorithm S is always atomic). MSR.SELF_TEST _S is set.

» Onreceiving end of conversion of test channel for last step of Algorithm S, the digital result is
written in STDR1.TCDATA and STDR1.VALID bit is set. At the same time, MSR.SELF_TEST_S
is reset. For Step 1, the integral part and fractional part are written in STDR2.IDATA and
STDR2.FDATA. Also, EOC and ECH bits are set in the ISR and ST_EOC is set in STSR2.

* Then the next chain of normal conversion starts.
» Atend of the normal conversion chain, Step0 of RC algorithm is executed.

* Onreceiving end of conversion of test channel for Step0 of RC algorithm, the digital result is stored
in STDR1.TCDATA and STDR1.VALID bit is set (if MCR.OVERWR bit is set). Also, EOC and
ECH bits are set in the ISR and ST_EOC s set (if ceocfr_exist =1) in STSR2.

» Then the next chain of normal conversion starts.

» Atend of the normal conversion chain, Stepl of RC algorithm is executed.
* This process continues for all the Steps of all three algorithms.

» State Machine returns to IDLE state when MCR[NSTART] is cleared.

Instead of starting normal conversion by software (by setting MCR[NSTART]), if it is started by external
trigger, the test channel behaviour will remain same.

In case of Injected conversions, test channel conversion is not performed. It is performed only during
Normal conversions.

If during a test channel conversion, injection conversion arrives, then the test channel is aborted (just as a
normal functional channel) and injected conversions are done. After injected conversions are completed,
the test channel resumes from the Step at which it was aborted. In this case, the MSR.SELF_TEST _S
remains high during the injected conversion.

For self testing, Mode bit should be programmed (atleast one cycle ) BEFORE setting MCR.NSTART bit
and should not be changed thereafter until conversion is ongoing.

8.4.11.3 CTU mode

The CTU mode is enabled by setting MCR[CTUEN]. With this bit set, the CTU operates in control mode.

If CTUEN is set, the test channel conversion can be started only by CTU interface and software cannot
start it. The EN bit in STCR2 register does not have any effect in CTU mode. The CTUEN bit should not
be changed while normal conversion is ongoing.

The interface between CTU and ADC (for Self Test) is shown in Figure 8-50.
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CTU

ctu_adc_st_en

ctu_adc_st_step<4:0>

ctu_adc_st_alg <1:0>

ctu_trigger

ADC

ctu_nextcmd

yvyy

A

ctu_dataout<9:0>

Figure 8-50. Interface between ADC and CTU to manage self test

For self testing conversions in CTU mode, CTU asserts ctu_adc_st_en signal along with ctu_trigger. The
algorithm and the step number to be executed is put on ctu_adc_st_alg and ctu_adc_st_step respectively.

The other signals ctu_nextcmd, ctu_trigger and ctu_dataout have same meaning as for normal CTU
functional conversion.

For algorithm S, the three steps must be atomic. In CTU mode, this is managed by CTU itself i.e. CTU has
to send three triggers (one for each step) asserting ctu_adc_st_en and updating ctu_adc_st_step for each

step.

Channel Cnversion Command Registers (CLRx) in CTU allow to setup a self test command, choosing also
among the algorithms available. See Table 8-46 and Table 8-47.

Table 8-46. CTU-CLRx-ST1, STO meaning

ST1 bit STO bit Command meaning
0 0 No self test
Single conversion
0 1 Self test command
1 0 No self test command
Dual conversion
1 1 No self test
Dual conversion
Table 8-47. CTU-CLRx-ALG1, ALGO meaning
ALG1 ALGO Algorithm meaning
0 0 Algorithm S
0 1 Algorithm RC
1 1 Algorithm C

1

1

Algorithm FULL

The algorithm S must be executed as an atomic test without interleaved user conversions.
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Step O:
* VBGAP/VREF test
o Stepl: VDD/VREF test
o Step2: VREF/VREF test

CTU sends three triggers (one for each step) asserting ctu_adc_st _en and updating ctu_adc_st_step for
each step.

The RC and C algorithm can be executed, programming the CLRX registers, in one of the following
schemes:

» Burst mode: when the CTU schedules the execution of the CLRXx register configured for the self
testing, both the algorithms RC and C are executed in burst mode (step0O-algRC, stepl-algRC,
...stepN-algRC, step0-algC, stepl-algC, ... stepM-algC).

* Interleaved mode: when the CTU schedules the execution of the CLRx register configured for the
self testing, a single step of the algorithm RC or C is executed according to an internal counter. In
this mode the ADC self testing procedure is distributed and the functional conversions are not
stalled for a long time.

The burst mode and interleaved mode are not applicable to the S algorithm that can be executed only as
an atomic conversion.

When the FULL algorithm is enabled the ctu will execute an S algorithm followed by an RC algorithm
and a C algorithm.

The enabling of the trigger configured for the ADC self-testing can be performed according to the
following schemes:

» Triggered mode: according to the current CTU implementation
» Sequential mode: according to the current CTU implementation

8.4.11.4 Abort and abort chain for self testing channel
Setting MCR[ABORT] during self test channel has no effect.

In One Shot Mode, if MCR[ABORTCHAIN] is set when test channel conversion is ongoing, the test
channel is aborted and ECH is set. In this case, EOC for test channel is not generated.

For zero baud rate in Scan Mode, if MCR[ABORTCHAIN] bit is set when test channel STEP N is ongoing,
the test channel STEP N is aborted and next chain conversion starts. At the end of this chain, STEP N
conversion is performed again. (In case of Algorithm S, full algorithm is executed again).

The case of non-zero baud rate is described in Section 8.4.11.7.1, “Abort chain when baud rate is
non-zero.”
8.4.11.5 Self test analog watchdog

The ADC also provides a monitor (watchdog) for the values returned by its analog portion for Self Test
algorithms. The analog watchdogs are used to determine whether the result of conversion for self test
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algorithms lie in a particular guard area. For this purpose, seperate Self test analog watchdog registers have
been provided for each algorithm.

After the conversion of each Step of an algorithm, a comparison is performed between the converted value
and the threshold values if Analog watchdog feature is enabled by setting STAWXR.AWDE bit. If the
converted value does not lie between the upper and lower threshold values specified by Analog Watchdog
Register of the particular algorithm, corresponding error bit STSR1.ERR_x is set and Step Number in
which error occurred is updated in STSR1.STEP_x (in case of C or RC algorithm). Also, erroneous data
is written in STSR4.DATAX field. The STSR1.ERR_x bits will generate an interrupt if enabled by
corresponding Mask bit in STCR2 register. The fault indication is also given to FCCU via CF and NCF,
so that necessary action can be taken at SOC level.

Analog Watchdog feature works differently in case of Algorithm S. As already mentioned, Algorithm S is
always an atomic operation. So, seperate error bits are provided in STSR1 for each STEP of Algorithm S
to avoid overwrite in case error occurs in more than one STEP. Hence, there are seperate Mask bit for each
step in STCR1. For the same reason, seperate fields exist in Status registers (STSR2 and STSR3) to store
erroneous data for each step.

For Algorithm S STEP1, a fixed point division has to be performed outside ADC analog hardmacro (it
takes around 26 cycles after EOC for STEP1 to get divided value) and it is the divided value on which
analog watchdog checks are applied. So, the value to be compared for STEP1 contains integer as well as
fractional part and thus, two registers (STAW1AR and STAW1BR) are provided. The comparison is done
first for integer part using the threshold values programmed in STAW1AR. If integer part does not lie in
the range, the fractional part comparison is skipped otherwise it is compared with the values programmed
in STAW1BR. Table 8-48 summarizes this feature for STEPL.

Table 8-48. Algorithm S (STEP1) threshold comparison

STDR2[IDATA]
(integer part)

STDR2[FDATA]

(fractional part) STSR1[ERR_S1]

> STAW1AR[THRH] Any value Set
< STAW1AR[THRL] Any value Set
== STAW1AR[THRH] > STAW1BR[THRH] Set
== STAW1AR[THRL] < STAW1BR[THRL] Set

For Algorithm S STEP2, (VREF/VREF) is measured in order to check the integrity of sampling signal.
For this particular conversion, no higher threshold value is required as the ideal value is OXFFF. Only lower
threshold value is programmed in STAW2R.

For Algorithm C, a separate register is provided for Step0. In Step0 an offset for other steps is measured.
The converted data is compared with the threshold values provided by STAW5SR if STAW4R[AWDE] is
set. For other steps, this offset is subtracted from converted data before performing watchdog checks.
8.4.11.6 Watchdog timer

The watchdog timer is an additional check which monitors the sequence of the self testing algorithm
implemented and also that the algorithm is completed within a safe time period. The Watchdog timers can
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be enabled for CPU as well CTU conversions. Each algorithm has a different watchdog timer which runs
independently of the other. The watchdog timer for a particular algorithm can be enabled by setting
STAWNR[WDTE] bit. The safe time value can be programmed in STBRR[WDT] field (default value is
10 ms assuming a 120 MHz clock).

The safe time is measured starting from StepO of the algorithm (including all normal chain conversions in
between) to the point where Step0 of the same algorithm starts again.

The sequence is as follows:

Program NCMRO to select channels to be converted for normal conversion in scan mode
(MODE =1).

Select the Self Testing algorithm in STCR3.ALG. By default, all three algorithms are selected i.e.
all algorithms will be executed step by step one after the other.

Enable self testing channel by setting EN bit in STCR2 register.

Program safe period value in STBRR.WDT field.

Enable watchdog timer by setting STAWXR.WDTE bit. Assume setting of WDTE bit to be “t0’. (It
is important to do all the programming first and then enable WDTE bit as the safe time check is
also performed between setting of WDTE bit and start of STEPO to check that algorithm has started
within the safe time).

Start the normal conversion by setting MCR[NSTART].

After first chain conversion ends, STEPO of algorithm S is executed. Assume the start of STEPO
to be “t1°.

After this STEP1 and STEP2 of algorithm S are executed.

Then, next chain conversions are performed.

When chain conversion completes, STEPO of RC algorithm is performed.

After each chain conversion, consecutive STEP of RC algorithm is performed. Similar sequence
follows for C algorithm.

After the last step of C algorithm is performed, another chain conversion is executed. At the end
of this chain conversion, STEPO of algorithm S is started repeating the whole sequence. Lets
assume this time (starting of STEPO) to be “t2’.

For S algorithm, if (t1 — t0) > Safe Period or (t2 — t1) > Safe Period, Watchdog timer flags an error
and STSR1.WDTERR bit is set. Crictical fault is asserted and interrupt is also generated if enabled
by STCR2.MSKWDTERR bit. Otherwise, watchdog timer counter is reset and starts again to
monitor the same for the next sequence.

Similar sequence is followed for watchdog timers for RC and C algorithms.

As CTU does not incorporate any safe period checking mechanism, the Watchdog timers can be enabled
for CTU conversions also.

NOTE

You must not enable the watchdog timer for the algorithm which is not to be
executed.
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8.4.11.6.1 Watchdog sequence checking

The watchdog timer also incorporates sequence checking features which checks that the steps of a
particular algorithm are in correct order. If steps are not in order, then error is flagged by setting
STSR1[WDSERRY]. Crictical fault is asserted and interrupt is also generated if enabled by
STCR2[MSKWDSERR].

Watchdog sequence error is flagged in following cases:

» If steps of any algorithm are not executed in proper order.

» If abort chain occurs during test channel conversion, that step has to be repeated at the end of next
chain. This will give a sequence error as soon as test channel conversion starts again.

Exception : If abort chain occurs during last step of Alg-S, then sequence error is not flagged as the
whole algorithm has to be repeated again.

» If, for CTU conversions, Step Numbers provided by CTU are not in order. Watchdog sequence
checking is significant for CTU burst mode only.

If injected conversion occurs during the test channel, Watchdog sequence error is NOT flagged although
the ongoing Step number is aborted and is repeated again.

Watchdog Timer feature is applicable only for scan mode of operation and not for one shot mode.

8.4.11.7 Baud rate control for test channel

This control defines the scheduling of test channel between the normal conversions. The scheduling rate
is specified by STBRR[BR].

By default, if test channel is enabled, one Step of selected algorithm is executed after every chain of normal
conversion. The bandwidth consumed by test channel depends on the number of channels in normal chain.
e.g. if we have 100 normal conversions in a chain, then test channel consumes only 1% of total bandwidth,
which is very small. But in case the number decreases to just 4 channels, then the bandwidth consumed by
test channel is 25%, which is significant (and may not be desirable as it slows down the normal conversion
rate).

STBRRI[BR] field provides flexibility by scheduling the test channel conversion to be performed not at the
end of every chain but at the end of BR+1 number of chains. e.g. if BR =5, a single Step of selected
Algorithm for test channel is performed after 6 chain conversions, then next Step is performed at end of
next 6 chain conversions and so on. By default, the value of BR is 0.

To use the baud rate feature in scan mode, the NCMR should have a non-zero value.

NOTE

This feature is applicable only for scan mode of operation and not for one
shot mode. The STBRR.BR should be set to zero for one shot mode.
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8.4.11.71 Abort chain when baud rate is non-zero

As already described, for non-zero value of STBRR[BR] field, the test channel conversion is performed
at the end of (BR+1) number of chains. If abort chain occurs during the chain in which test channel is
scheduled to be converted, then test channel is converted after next (BR+1) number of chains.

For example, if STBRR.BR field is programmed to 2, the sequence will be two normal chains (without
any test channel conversion) followed by chain with test channel converted at the end. Now, if abort chain
occurs during first two chains it is treated as normal chain abort and test channel is converted at the end of
3rd chain only (as the case without any abort chain). But if abort chain occurs during the 3rd chain in which
test channel is scheduled to be converted, then test channel is converted after next three chains — that is,
at the end of 6th chain (counting from the beginning).
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Chapter 9
Boot Assist Module (BAM)

9.1 Overview

The Boot Assist Module (BAM) is a block of read-only memory containing VLE code which is executed
according to the boot mode of the device. The code stored in the BAM is not executed when booting in
Single Chip mode (see Chapter 5, Device Boot Modes), except when entering the "Static mode™ in case
no valid bootable sector has been found.

The BAM downloads code into internal SRAM through the following serial protocols and executes it
afterwards:

* FlexCAN

* LINFlex-UART
For cut2/3, dependent on the selected boot mode (see Section 9.4.1, Entering boot modes), any download
is performed either with a fixed baud rate or after running a short sequence to measure the selected baud

rate (with “autobaud”). See Section 9.4.5, Boot with Autobaud feature [cut2/3 only], for further
information about the autobaud feature.

Additionally, for cut2/3, the BAM provides a short code sequence to retrieve factory settings from the Test
Flash as convenience software. Please refer to Section 9.4.6, Reading from Test Flash [cut2/3only], for
further information.

9.2 Features

The BAM provides the following features:
» Programmable 64-bit password protection for serial boot mode
» Serial boot loads the application boot code from a FlexCAN or LINFlex bus into internal SRAM
» Censorship protection for internal flash module
» Detection of the selected baud rate in autobaud mode
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9.3 Memory map

The BAM code resides in 8 KB of ROM mapped from address OxFFFF_CO000. The address space and
memory used by the BAM is shown in Table 9-1.

Table 9-1. BAM memory organization

Entity Address
BAM entry point OxFFFF_CO000
RAM area used by the BAM code (do not use) 0x4000_0000-0x4000_00FF
Downloaded code base address 0x4000_0100

The RAM location where to download the code can be any 4 byte-aligned location in the SRAM starting
from the address 0x4000_0100.
CAUTION
Do not use the RAM area used by the BAM code as indicated in Table 9-1.

9.4 Functional description

9.4.1 Entering boot modes
The MPC5643L detects the boot mode based on external pins and device status. The following sequence
applies (see Figure 9-1):

1. Toboot either from FlexCAN or LINFlex, the device must be forced into an Alternate Boot Loader
Mode via the FAB (Force Alternate Boot Mode) pin which must be asserted before initiating the

reset sequence. The type of alternate boot mode is selected according to the ABS (Alternate Boot
Selector) pins (see Table 9-2).

2. If FAB is not asserted, the device boots from the first flash memory sector which contains a valid
boot signature.

3. If no flash memory sector contains a valid boot signature, the device will go into static mode.
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POR

Serial Boot (SBL)
LINFLEX without
autobaud

Value of ABS ?

Serial Boot (SBL)
FlexCANwithout
autobaud

Flash memory
boot ID in any

Flash memory boot
from first sector
boot sector? having a valid boot ID 10

Serial Boot (SBL)
LINFLEX and FlexCAN
with autobaud

No

The grey blocks represent action done by
. hardware. The white blocks represent
Static Mode action done by software (BAM).

Figure 9-1. Boot mode selection

Table 9-2. Hardware configuration to select boot mode

FAB ABS[2,0] Standby-RAM Boot ID Boot Mode
Boot Flag
1 00 0 — LINFlex without autobaud
1 01 0 — FlexCAN without autobaud
1 10 0 — Scan of both serial interfaces
(FlexCAN and LINFlex) with autobaud

9.4.2 Boot through BAM

9.4.2.1 Executing BAM

Single chip boot mode (see Section 5.2.1, Single Chip boot mode) is managed by hardware and BAM
doesn’t participate in it.

BAM is executed only on one or both of the following cases:
» serial boot mode has been selected by FABM pin;
» hardware hasn’t found a valid Boot ID in any flash memory boot locations.

If one of these conditions is true, the device fetches code at location OxFFFF_CO000 and the BAM
application starts.

MPC5643L Microcontroller Reference Manual, Rev. 9

Freescale Semiconductor 211



Chapter 9 Boot Assist Module (BAM)

9.4.2.2 BAM software flow
Figure 9-2 describes the BAM logic flow.

BAM entry
OxFFFF_CO000

3

Save default
configuration.

Which boot mode is selected is verified by reading
Y the SSCM_STATUS register (BMODE).

Check boot mode.

Boot

Restore default
mode valid

> STATIC mode.

5 configuration.
Download new code - Restore default -
and save it into SRAM. - configuration. g Execute new code.

Figure 9-2. BAM logic flow

The first action is to save the initial device configuration. In this way it is possible to restore the initial
configuration after downloading the new code but before executing it. This allows the new code to be
executed as the device was just coming out of reset.

The SSCM_STATUS[BMODE] field (see Section 48.3.1.1, System Status Register (STATUS)) indicates
which boot has to be executed (see Table 9-3).

If BMODE field shows either a single chip value (011) or the reserved values, the boot mode is not
considered valid and the BAM pushes the device into static mode.

In all other cases data is downloaded in serial boot mode and saved into the correct SRAM location.
Table 9-3. Fields of SSCM STATUS register read by BAM to detect the chosen boot mode

Field Description

BMODE | BMODE Device Boot Mode.

000 Serial Boot Loader (FIexCAN or LINFlex) with autobaud
001 FlexCAN Serial Boot Loader (without autobaud)

010 LINFlex Serial Boot Loader (without autobaud)

011 Single Chip

other values are reserved

Then, the initial device configuration is restored and the code jumps to the address provided for the
downloaded code. At this point BAM has just finished its task.

MPC5643L Microcontroller Reference Manual, Rev. 9

212 Freescale Semiconductor



Chapter 9 Boot Assist Module (BAM)

If there is any error (that is, communication error, wrong boot selected, etc.), BAM restores the default
configuration and puts the device into static mode. Static mode means the device enters the low power
mode SAFE and the processor executes a wait instruction. It is needed if the device can not boot in the
mode which was selected. During BAM execution and after, the mode reported by the field
S _CURRENT_MODE of the register ME_GS in the module MC_ME Module is “DRUN”.

9.4.2.3 BAM resources

BAM uses/initializes the following MCU resources:

* MMU is programmed to support either VLE or Power Architecture Technology (dependent on
downloaded code)

» Cache is disabled

¢ MC_ME and MC_CGM modules to initialize mode and clock sources

e CAN_O, LINFlex_0 and their pins when performing serial boot mode

» SWT is disabled in case of a serial boot mode or when entering static mode

* PIT for time measurement when performing serial boot mode

* SSCM to check the boot mode and during password check (see Table 9-3 and Figure 9-3)
» External oscillator (XOSC)

e SIUL to perform programming of the required GPIO pins

On cut2/3, the following hardware resources are used only when autobaud feature is selected:
» STM to measure the baud rate
* CMU to measure the external clock frequency related to the internal IRCOSC clock source
» FMPLL to work with the system clock near the maximum allowed frequency (for higher resolution
during baud rate measurement).
The initial configuration is restored before executing the downloaded code.

For cut2/3, when the autobaud feature is disabled, the system clock is selected directly from the external
oscillator. Thus the frequency of the external oscillator defines the baud rate for serial interfaces used to
download the user application. For a LINFlex transmission, the selected baud rate is fyggc / 833. For a
FlexCAN transmission, the selected baud rate is fyogc / 40.

9.4.2.4 Download and execute the new code

From high level perspective, the download protocol follows steps:

0. (only in autobaud mode)
transmit message for autobaud measurement and subsequent baud rate selection

Transmit 64 bits password

Transmit start address, size of downloded code in bytes and VVLE bit
Transmit download data

4. Execute code from start address.

w N e

Each step must be completed before the next step starts.
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The communication is done in half duplex manner, any transmission from host is followed by the MCU
transmission:

* Host sends data to MCU and starts waiting
* MCU echoes to host the data received
» Host verifies if echoes are correct
— if data is correct, the host can continue to send data
— if data is not correct, the host stops to transmit and MCU need to be reset.

All multi-byte data structures are sent with MSB first.

A more detailed description of these steps follows.

9.4.2.5 Download 64-bit password and password check

The first 64 bits received represent the password. This password is sent to the Password Check procedure
which verifies if it is correct.
Password check data flow is shown in Figure 9-3 where:
* SSCM_STATUS.PUB = 1 specifies serial boot mode with public password
 SSCM_STATUS.SEC =1 specifies that the flash memory is secured

In case of serial boot mode with public password, the received password is compared with the public
password OXFEED FACE_CAFE_BEEF.

If public access is not allowed but the flash is not secured, the received password is compared with the 64
bit value saved in the NVPWDO0 and NVPWDL1 locations in the shadow flash.

In both cases, comparison is done by the BAM code. If it fails, BAM pushes the device into static mode.

If the public password is not allowed and the flash memory is secured, the received password is compared
by hardware against the password stored in NVPWDO0 and NVPWD1. Only in this case (no public
password and secured flash), the words of the provided password must be swapped
(NVPWD1|NVPWDO).
After a fixed time waiting:

» If the correct password was supplied, flash is now unsecured and BAM continues its task

« If anincorrect password was supplied, flash is still secured; BAM puts the device into static mode
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Comparison with
OXFEEDFACE
CAFEBEEF

Comparison with
password saved in
NVPWD

Compare password
by hardware

Verify if flash
is unsecured
Figure 9-3. Password check flow

9.4.2.6 Download start address, VLE bit and code size

The next 8 bytes received by the MCU contain a 32-bit Start Address, the VLE mode bit and a 31-bit code
Length as shown in Figure 9-4.

The VLE bit (Variable Length Instruction) is used to indicate for which instruction set the code has been
compiled. The BAM supports the download of VLE code (VLE bit = 1) and Power Architecture
Technology (VLE bit = 0). In case of Power Architecture Technology, the MMU page for the RAM space
(0x4000_0000 - 0x7FFF_FFFF) will be modified to select Power Architecture. Otherwise the MMU page
for this page will continue to select VVLE code.

NOTE
Power Architecture Technology is supported in cut2 and beyond only.

The Start Address defines where the received data will be stored and where the MCU will branch after the
download is finished. The two LSB bits of the Start Address are ignored by the BAM program, such that
the loaded code should be 32-bit word aligned.

The Length defines how many data bytes have to be loaded.
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START_ADDRESS[31:16]

START_ADDRESS[15:0]

[VLE | CODE_LENGTHI[30:16]

CODE_LENGTH[15:0]

Figure 9-4. Start address, VLE bit, and download size in bytes

9.4.2.7 Download data

Each byte of data received is stored into device’s SRAM, starting from the address specified in the
previous protocol step. It is not verified whether the provided address is a valid address in SRAM or is
writable.

The address increments until the number of bytes of data received matches the number of bytes specified
in the previous protocol step.

Since the SRAM is protected by 32-bit wide Error Correction Code (ECC), BAM always writes bytes into
SRAM grouped into 32-bit words. If the last byte received does not fall onto a 32-bit boundary, the BAM
fills it with O bytes.

Then a “dummy” word (0x0000_0000) is written to avoid a possible ECC error during core prefetch.

9.4.2.8 Execute code
The BAM program waits for the last echo message transmission being completed.

Then it restores the initial MCU configuration and jumps to the code loaded at Start Address which was
received in step 2 of the protocol.

At this point BAM has finished its tasks and MCU is controlled by new code executing from SRAM.

9.4.3 UART Boot — autobaud disabled

9.4.3.1 Configuration

Boot using the UART protocol is implemented by LINFlex_0 module. Pins used are:
* LINFlex_TX corresponds to pin B[2]
* LINFlex_RX corresponds to pin B[3].
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The LINFlex controller is configured to operate at a baud rate of fyosc /833, using 8 bit data frame without
parity bit and 1 stop bit. For cut2/3, when autobaud feature is disabled, the system clock is driven by the
external oscillator. For cutl, the system clock is driven by the internal RC oscillator (16 MHz), resulting
in a baud rate of fyogc / 833 = 19200.

Table 9-4. LINFlex bit timing in UART mode

Byte Field

"

9.4.3.2

1II T
Start / Stop
bit Do>\m><ﬂz><nax.94)<us>< Ds } D7 bit
\ : : /
Protocol

Table 9-5 summarizes the protocol and BAM action during this boot mode.
Table 9-5. UART boot mode download protocol (autobaud disabled)

Protocol BAM response .
step Host sent message message Action
1 64-bit password (MSB 64-bit password Password checked for validity and compared against
first) stored password.
2 32-bit store address | 32-bit store address Load address is stored for future use.
3 VLE bit + VLE bit + Size of download is stored for future use.
31-bit number of bytes | 31-bit number of bytes Verify VLE bit.
(MSB first) (MSB first)
4 8 bits of raw 8 bits of raw 4 x 8 bits of data are packed into 32-bit words. These
binarydata binarydata words are saved into SRAM starting from the “Load
address”.
“Load address” incrementes until the number of data
received and stored matches the size as specified in the
previous step.
5 none none Branch to downloaded code
9.4.4 CAN Boot — autobaud disabled

9.4.41

Configuration

Boot using the CAN protocol is implemented by FlexCAN_0 module. Pins used are:
» CAN_TX corresponds to pin B[0]
* CAN_RX corresponds to pin B[1].

Boot from FlexCAN with autobaud disabled uses the system clock driven by the external oscillator.

The FlexCAN controller is configured to operate at a baud rate = system clock frequency/40.
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It uses the standard 11 bit identifier format detailed in FlexCAN 2.0A specification.

FlexCAN controller bit timing is programmed with 10 time quanta, and the sample point is 2 time quanta
before the end, as shown in Figure 9-5.

a\
NRZ Signal ( )
7
SYNC_SEG Time Segment 1 Time Segment 2
1 7 2
time quantum time quanta time quanta
- 1 Bit Time >
Transmit Point Sample Point

1 time Quantum = 4 system clock periods

Figure 9-5. FlexCAN bit timing

9.4.4.2 Protocol

Table 9-6 summarizes the protocol and BAM action during this boot mode. All data is transmitted byte
wise.

Table 9-6. FlexCAN boot mode download protocol (autobaud disabled).

Protoc Host sent BAM response

Action
ol step message message

1 FlexCAN ID 0x011+ | FlexCAN ID 0x001+ | Password checked for validity and compared against stored

64-bit password 64-bit password password.

2 FlexCAN ID 0x012+ | FlexCAN ID 0x002+ Load address is stored for future use.
32-bit store 32-bit store Size of download are stored for future use.
address+ address+ Verify VLE bit.
VLE bit+ VLE bit+
31-bit number of 31-bit number of
bytes bytes

3 FlexCAN ID 0x013+ | FlexCAN ID 0x003+ | 4 x 8 bits of data are packed into 32-bit words. These words are
8 to 64 bits of raw | 8 to 64 bits of raw saved into SRAM starting from the “Load address”.
binary data binary data “Load address” increments until the number of data received

and stored matches the size as specified in the previous step.

4 none none Branch to downloaded code
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9.4.5 Boot with Autobaud feature [cut2/3 only]

The purpose of Autobaud is to allow boot operation with a wide range of baud rates independent of the
external oscillator frequency.

NOTE

The baud rates achievable by the autobaud feature are limited by the
software based measurement method and the effects resulting from different
clocking schemes used by the host and the target.

The maximum baud rate for a CAN transmission allowing a stable
transmission is in the range of 125 kBaud, assuming that the bit sampling
point is programmed to be in the middle of a bit time and a maximum
resynchronization jump width is selected. This requires to select the CAN
parameters PROP_SEG, PHASE_SEG1, PHASE_SEG2 accordingly. The
maximum baud rate for an UART transmission allowing a stable
transmission is in the range of 48 kBaud when using an external oscillator
frequency of maximum 40MHz, a slower external clock will scale the
achievable baud rate accordingly. Transmissions at higher baud rates are not
recommended.

NOTE

Autobaud is supported on cut3 only on unsecured devices; it is not available
on devices with a censored flash.

9.4.5.1 Configuration and detection/measurement flow

Baud rate measurement is using the System Timer Module (STM) which is driven by the system clock.
Measurement itself is performed by software polling the related inputs as general purpose 10°’s, resulting
in a detection granularity that is directly related to the execution speed of the software.

One main difference of the autobaud feature is that the system clock is not driven directly by the external
oscillator, but it is driven by the FMPLL output. The reason is that to have an optimum resolution for baud
rate measurement, the system clock needs to be nearer to the maximum allowed device’s frequency.

This is achieved with the following two steps:

1. using the Clock Monitor Unit (CMU) and the internal RC oscillator (IRC), the external frequency
is measured using the IRC as reference to determine this frequency.

2. based on the result of this measurement, the FMPLL is programmed to generate a system clock that
is configured to be near, but lower, to the maximum allowed frequency.

After setting up the system clock, the BAM code continously searches for a falling edge on either the CAN
RX input or the UART RX input; a falling edge of the CAN RX input takes precedence. For this purpose.
the CAN RX and UART RX inputs are both configured as GPIO inputs. In case a falling edge is detected
on any input, the corresponding autobaud measurement functionality is started:

» afalling edge on CAN RX (corresponds to pin B[1]) starts the CAN autobaud measurement and
then sets up the FlexCAN baud rate accordingly
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» afalling edge on UART RX (corresponds to pin B[3]) starts the UART autobaud measurement and
then sets up the LINFlex baud rate accordingly

After performing the autobaud measurement and setting up the baud rate, the corresponding RX input is
reconfigured and the related standard download process is started; in case of a detected CAN transmission
a download using the CAN protocol as described in Section 9.4.4, CAN Boot — autobaud disabled”, and
in case of a detected UART transmission a download using the UART protocol as described in

Section 9.4.3, UART Boot — autobaud disabled”.

The following Figure 9-6 identifies the corresponding flow and steps.

Determine clock frequency
of external oscillator

v

Program PLL accordingly

SN

L

Figure 9-6. Autobaud configuration and detection/measurement flow

MPC5643L Microcontroller Reference Manual, Rev. 9

_

r 1
Falling edge detected Autobaud measurement ‘ -
at FlexCAN RX » for FlexCAN >
?
- | -
‘ Set matching baud rate / FlexCAN ’ <2(5
Z
¢ Z
‘ Continue with CAN download ’ O
L. — — —— _—— _—— |
r— - — — " ]
Falling edge detected ) ‘ Autobaud measurement ’
at LINFlex RX for LINFlex _g
? ©
| K
‘ Set matching baud rate / LINFlex ’ <
] =
<
‘ < Continue with UART download > ‘ )

220

Freescale Semiconductor



Chapter 9 Boot Assist Module (BAM)

9.4.5.2 Autobaud measurement for LINFlex / UART protocol

Enabling the autobaud feature when using the UART protocol assumes that first an additional byte is sent
from host to MCU. Its value is 0x00, resulting in a high - low - high transition visible on the UART RX pin.

time measurement
- - - - - — — >

start

bit | 0x0

Figure 9-7. Autobaud measurement / UART protocol

Initially the UART RX pin is configured as GPIO input and the BAM code waits polling for the first falling
edge. Upon detection of this edge, the STM starts. Subsequently, the UART RX pin is again polled, waiting
for a rising edge. Upon detection of this edge, the STM is stopped and from the measured time, the used
baud rate is computed. The error introduced due to this polling will be small, but might be visible.

Higher Baud rates may be used, but customers will be required to ensure they fall within acceptable error
ranges. This is shown in Figure 9-8 which shows the effect of quantization error on the baud rate selection.
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Figure 9-8. Baud rate Deviation Between Host and MPC5643L

This additional, first byte is used to measure the transmission time from the falling edge until the rising
edge. Its length will be equivalent to a start bit (low), followed by eight data bits (low), followed by a stop
bit (high); therefore the low transmission time should be equivalent to 9 bit times.

From the measured time it is possible to determine the used baud rate in relation to the current system clock
selection. The following equation gives the relation between baud rate and LINFlex register configuration:

F
- CQLI
LDIV 16 - baudrate
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LDIV is an unsigned fixed point number and its value is reflected in the related LINFlex’s registers
(LINIBRR, LINFBRR).

Upon reception of this zero byte and the configuration of the corresponding baud rate, an acknowledge
byte is returned by the BAM code to the host using the selected baud rate. This acknowledge byte is the
ASCII char *“Y” (0x59). From this point BAM follows the normal UART mode boot protocol.

9.4.5.3 Autobaud measurement for FlexCAN / CAN protocol
Enabling the autobaud feature when using the CAN protocol assumes that the following additional CAN
frame is sent initially from the host to the MCU for baud measurement purposes:

e Standard identifier = 0x0,

» Data Length Code (DLC) = 0x0.

As all the bits to be transmitted are dominant bits, there is a succession of 5 dominant bits and 1 stuff bit
on the FlexCAN network (see Figure 9-9).

Start Stuff bit Stuff bit Stuff bit Stuff bit
|
H H H H L
- , -
Measured Time

Figure 9-9. Autobaud measurement / CAN protocol

Initially the CAN RX pin is configured as GPIO input and the BAM code waits polling for the first falling
edge. Upon detection of this edge, the STM starts. Subsequently, the CAN RX pin is again polled, waiting
for a series of low-high transitions. Upon detection of this sequence, the STM is stopped and from the
measured time, the used baud rate is computed. The error introduced due to this polling will be small, but
might be visible.

The calculation of the FlexCAN baud rate allows the operation of the boot loader with a wide range of
baudrates. However, the upper and lower limits of related parameters have to be kept in mind, in order to
ensure proper data transfer. The maximum permissible baud rate that can be supported is 1Mbit/s.

From this additional frame being transmitted initially, the MCU calculates the corresponding baud rate
factor with respect to the current CPU clock and initializes the FlexCAN control register (especially the
fields PRESDIV, RIW, PSEG1, PSEG2, and PROPSEG) accordingly.

After measuring a predefined number of bit times, the resulting transmission time can be determined from
the STM time base; this value is then used to select PRESDIV and the desired number of time quanta. The
number of time quanta in a FlexCAN bit time is given by:

BitTime = SYNCSEG + TSEG1 + TSEG2

where
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*  SYNCSEG = Exactly one time quantum.
» TSEG1=PROGPSEG + PSEG1 +2
e TSEG2=PSEG2+1

FlexCAN protocol specifies that the FlexCAN bit timing should comprise a minimum of 8 time quanta
and a maximum of 25 time quanta. Therefore available range is:

3<(1+TSEG1+TSEG2)<25

All other values defining transmission parameters are derived from the number of desired time quantas.
To help compensate for any error in the calculated baud rate, the resynchronization jump width will be

increased from its default value of 1. TSEG1 and TSEG2 times have been chosen to preserve a sample

time in the second half of the bit time.

Upon reception of this initial CAN frame, the corresponding baud rate is configured by the BAM code.
From this point BAM follows the normal CAN mode boot protocol.

9.45.4 Shadow Flash Code Improvements and Extensions (for cut2 only)

The original BAM ROM code delivers minimal support of the Autobaud feature with the following
limitations:

» Only external oscillator frequencies larger than the IRC frequency (~ 16 MHz) are supported,
lower frequencies will cause a critical fault during measuring the external oscillator frequency

* measurement inaccuracies for both autobaud measurements (CAN and UART) may result in large
quantization errors. Subsequently the calculated baud rate might be not deterministic and fail to
match the baud rate selected by the host

» usage of the CAN protocol is not possible with the autobaud feature

To fully support the autobaud feature, an extension of the related BAM code is provided in the Shadow
Flash, which corrects the above issues and significantly improves the measurement accuracy.

NOTE

The corresponding code can only be executed on unsecured devices, on
devices with a censored Flash the Shadow Flash can not be accessed in
serial boot modes.

The function called by the READ_FROM_TF macro is VLE code. Therefore the MMU programming for
the memory range occupied by the BAM (which includes this function) needs to select VLE code,
otherwise calling this function will fail.

Since the corresponding code will also be erased when the Shadow Flash is erased, the corresponding code
image is available to allow re-programming the related Shadow Flash locations. This re-programming step
is required to preserve the related code improvements in the Shadow Flash. It can be skipped, if the usage
of the Autobaud feature is not intended.
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9.4.6 Reading from Test Flash [cut2/3only]

There are some factory settings stored during final test in the Test Flash (mostly calibration information),
which are needed by application software. The related data is:

a) Temperature Sensor 1 Calibration Word 1 .. 4
b) Temperature Sensor 2 Calibration Word 1 .. 4
c) ADC 0 Calibration Word 1 .. 8

d) ADC 1 Calibration Word 1 .. 8

e) PartID1L/H

f) PartID 2

However, accessing the Test Flash requires to set the SCTR TFE bit in the SSCM, which
» will replace the “normal” Flash memory space with the Test Flash block (while TFE is set), and
* isonly possible one time after a reset of the device

Therefore retrieving these values usually requires several steps when performed by code stored in Flash:
1. copying a corresponding function XYZ( ) to access this data from the “normal” Flash into RAM
2. switching between “normal” Flash and Test Flash access by setting the SCTR TFE bit
3. executing the function XYZ() to copy the data from Test Flash into RAM
4. clear the SCTR TFE bit to switch back to “normal” Flash

This has been reported as inconvinient by customers, therefore a supporting function has been added to the
BAM, which will perform the corresponding actions. This function will copy the above factory settings
into a given memory location, without the need to copy the corresponding code into the RAM. 1

The location of this function is identified by a vector located in the location at address OXFFFF_DFFO. This
function receives a 32-bit address, which specifies the start address of a 1024 byte wide buffer that will
receive the data to be retrieved. This function returns a 32 bit value that denotes either SUCCESS (value
0), an erroneous second attempt to access the Test Flash (value 4), or an erroneous access due to the fact
that the Test Flash is not available or can not be accessed due to other reasons (value 8). The provided
header file specifies a convenience function call macro READ_FROM_TF(<buffer_loc>,<result>) that
allows to call this function with its parameter <buffer_loc> and provides the return status in <result>. It
further specifies some convenience code to access the retrieved information.

NOTE
Since the “normal” Flash and related interrupt and/or exception handlers
defined in this memory space are not available during the runtime of this
function, it is the responsibility of the calling code to ensure that no
interrupts or exceptions can occur.

1.Please note that this function cannot be recommended for use in a safety case as defined by the Safety Application
Guide.
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9.4.7 Inhibiting BAM operation

Under certain circumstances, you may want to inhibit BAM operation. To do this, set the ERROR[PAE]
bit in the SSCM (see Section 48.3.1.3, Error Configuration (ERROR)). Any attempt to access the memory
range occupied by the BAM will then result in an access error.

9.4.8 Interrupt
No interrupts are generated by or are enabled by the BAM.
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Chapter 10
Clock Architecture

10.1 Clock generation

The clock generation for this device is illustrated in Figure 10-1.

MC_CGM

Chapter 10 Clock Architecture

IRCOSC_CLK

System clock selector 0

System clock divider 0

=16 Peripheral set 0 clock

ClockOut_Divider 50%

Clockout

<30 MHz 2

Auxiliary clock 0 divider 0
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Motor control clock [ o

SWG clock

\

Auxiliary clock 1 divider 0

FlexRay clock
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PHI - FVCO divided by ODF (Output
Division Factor).
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CMU_1
FVCO/6 - FVCO divided by 6.
Legend: CMU_2
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Figure 10-1. System clock generation

10.2 Clock distribution
Table 10-1 describes the clock distribution on this chip.
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Table 10-1. Clock distribution

Supports FM on

Module name Clock Frequency PLL
ADC_0 motor control <120 MHz yes
ADC_1 motor control <120 MHz yes

BAM system <120 MHz yes
Core_0 system <120 MHz yes
Core_1 system <120 MHz yes

CRC system <120 MHz yes

CTU motor control <120 MHz yes

DMA_MUX system <120 MHz yes
DSPI_0 peripheral set 0 <120 MHz yes
DSPI_1 peripheral set 0 <120 MHz yes
DSPI_2 peripheral set 0 <120 MHz yes
ECSM_0 system <120 MHz yes
ECSM_1 system <120 MHz yes
eDMA_O system <120 MHz yes
eDMA_1 system <120 MHz yes
eTimer_0 motor control <120 MHz yes
eTimer_1 motor control <120 MHz yes
eTimer_2 motor control <120 MHz yes

FCCU (REG) system <120 MHz yes

FCCU (FSM) IRCOSC 16 MHz —
FLASHO system <120 MHz yes

FlexCAN_O (BIU and MBM) peripheral set 0 <120 MHz yes
FlexCAN_O (CP!)' FlexCAN <60 MHz yes
XOSC <40 MHz —

FlexCAN_1 (BIU and MBM) peripheral set 0 <120 MHz yes
FlexCAN_1 (CPI)? FlexCAN <60 MHz yes
XOSC <40 MHz —

FlexPWM_0 motor control <120 MHz yes
FlexPWM_1 motor control <120 MHz yes
FlexRay (CHI) system <120 MHz yes
FlexRay (PE)3 FlexRay 80 MHz no
XOSC 40 MHz —
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Module name Clock Frequency SUPPO;:_SLFM on
INTC_O system <120 MHz yes
INTC_A1 system <120 MHz yes

LINFlexD_0O peripheral set 0 <120 MHz yes
LINFlexD_1 peripheral set 0 <120 MHz yes
MC_CGM system <120 MHz yes
MC_ME system <120 MHz yes
MC_PCU system <120 MHz yes
MC_RGM IRCOSC 16 MHz —
MPU_O system <120 MHz yes
MPU_1 system <120 MHz yes
PBRIDGE_O system <120 MHz yes
PBRIDGE_1 system <120 MHz yes
PIT peripheral set 0 <120 MHz yes
SEMA4_0 system <120 MHz yes
SEMA4_1 system <120 MHz yes
SIUL (registers) system <120 MHz yes
SIUL (interrupt filters) IRCOSC 16 MHz —
SRAM system <120 MHz yes
SSCM system <120 MHz yes
STCU system <120 MHz yes
STM_0 system <120 MHz yes
STM_1 system <120 MHz yes
SWG SWG <20 MHz yes
SWT_0 IRCOSC 16 MHz —
SWT_1 IRCOSC 16 MHz —
WKPU system <120 MHz yes
XBAR_O system <120 MHz yes
XBAR_1 system <120 MHz yes

1 Selection between FlexCAN clock and XOSC clock is done via the CLK_SRC bit in the FlexCAN_0’s CTRL register.
2 Selection between FlexCAN clock and XOSC clock is done via the CLK_SRC bit in the FlexCAN_1’s CTRL register.
3 Selection between FlexRay clock and XOSC clock is done via the CLKSEL  bit in the FlexRay’s FR_MCR register.
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10.3 Detailed module descriptions

Additional details on the clock-related modules on this device are provided in the following chapters:
» Chapter 11, Clock Generation Module (MC_CGM)
» Chapter 12, Clock Monitor Unit (CMU)
» Chapter 27, Frequency-Modulated Phase-Locked Loop (FMPLL)
» Chapter 35, Oscillators
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Chapter 11
Clock Generation Module (MC_CGM)

11.1 Introduction

11.1.1  Overview

The clock generation module (MC_CGM) generates reference clocks for all the SoC blocks. The
MC_CGM selects one of the system clock sources to supply the system clock. The MC_ME controls the
system clock selection (see Chapter 32, Mode Entry Module (MC_ME), for more details). A set of
MC_CGM registers controls the clock dividers which are used for divided system and peripheral clock
generation. The memory spaces of system and peripheral clock sources which have addressable memory
spaces are accessed through the MC_CGM memory space. The MC_CGM also selects and generates an
output clock.

Figure 11-1 depicts the MC_CGM block diagram.
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MC_CGM

IRCOSC e —

<¢—p| MC_ME

XOSC L

Registers

Platform Interface <« | MC_RGM

PLLO I

System Clock ioheral
PLL1 — Multiplexer/Divider ———p-| PETIPNETAIS

——[X] Port pin B[6]

<§—P core

Output Clock
Selector/Divider

< > mapped

peripherals

Mapped Modules Interface

Figure 11-1. MC_CGM block diagram

11.1.2 Features

The MC_CGM includes the following features:
* generates system and peripheral clocks

» selects and enables/disables the system clock supply from system clock sources according to
MC_ME control
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e contains a set of registers to control clock dividers for divided clock generation

» supports multiple clock sources and maps their address spaces to its memory map
* generates an output clock

» guarantees glitch-less clock transitions when changing the system clock selection
e supports 8, 16 and 32-bit wide read/write accesses

11.2 External signal description
The MC_CGM delivers an output clock to the port pin B[6] for off-chip use and/or observation.

11.3 Memory map and register definition
Table 11-1. MC_CGM register description

Access
Address Name Description Size .
Supervis
User Test
or

O0xC3FE_037 | CGM_OC_EN | Output Clock Enable word read read/write | read/write
0

0xC3FE_037 | CGM_OCDS_S | Output Clock Division Select byte read read/write | read/write
4 C

O0xC3FE_037 | CGM_SC_SS | System Clock Select Status byte read read read
8

0xC3FE_037 | CGM_SC_DCO0 | System Clock Divider byte read read/write | read/write
C Configuration 0

0xC3FE_038 | CGM_ACO0_SC | Aux Clock 0 Select Control word read read/write | read/write
0

0xC3FE_038 | CGM_ACO0_DC | Aux Clock 0 Divider Configuration | byte read read/write | read/write
4 0 0

0xC3FE_038 | CGM_ACO0_DC | Aux Clock 0 Divider Configuration | byte read read/write | read/write
5 1 1

0xC3FE_038 | CGM_AC1_SC |Aux Clock 1 Select Control word read read/write | read/write
8

0xC3FE_038 | CGM_AC1_DC |Aux Clock 1 Divider Configuration | byte read read/write | read/write
C 0 0

O0xC3FE_039 | CGM_AC2_SC | Aux Clock 2 Select Control word read read/write | read/write
0

0xC3FE_039 | CGM_AC2_DC | Aux Clock 2 Divider Configuration byte read read/write | read/write
4 0 0

O0xC3FE_039 | CGM_AC3_SC | Aux Clock 3 Select Control word read read/write | read/write
8

O0xC3FE_03A | CGM_AC4_SC |Aux Clock 4 Select Control word read read/write | read/write
0
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NOTE
Any access to unused registers as well as write accesses to read-only
registers will:
* not change register content
» cause a transfer error
Table 11-2. MC_CGM memory map

0|12 |3 |27|5|6]|7]|8|9]|10|11 1213|1415
Address Name

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

0xC3FE_0000
XOSC registers
0xC3FE_001C

0xC3FE_0020
reserved
0xC3FE_003C

0xC3FE_0040
reserved
0xC3FE_005C

0xC3FE_0060

IRCOSC registers
0xC3FE_007C

0xC3FE_0080
reserved
0xC3FE_009C

0xC3FE_00A0
PLLO registers
O0xC3FE_00BC

0xC3FE_00CO

PLL1 registers
O0xC3FE_00DC

0xC3FE_OOEO
reserved
0xC3FE_OOFC

0xC3FE_0100
CMUO registers
0xC3FE_011C

0xC3FE_0120

CMUT1 registers
0xC3FE_013C

O0xC3FE_0140
CMU2 registers
0xC3FE_015C

0xC3FE_0160
reserved
0xC3FE_017C
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Table 11-2. MC_CGM memory map (continued)

o|1|2|3|27|5|6|7|8|9|10[11]|12|13|14 |15
Address Name
16 [ 17 |18 |19 |20 | 21 |22 |23 |24 |25 | 26 | 27 | 28 | 29 | 30 | 31

0xC3FE_0180

reserved
0xC3FE_019C
O0xC3FE_01A0

reserved
OxC3FE_01BC
0xC3FE_01CO0

reserved
0xC3FE_01DC
OxC3FE_01EO

reserved
O0xC3FE_01FC
0xC3FE_0200

reserved
OxC3FE_021C
O0xC3FE_0220

reserved
0xC3FE_023C
0xC3FE_0240

reserved
0xC3FE_025C
0xC3FE_0260

reserved
0xC3FD_C27C
0xC3FE_0280

reserved
0xC3FE_029C
O0xC3FE_02A0

reserved
0xC3FE_02BC
0xC3FE_02C0

reserved
O0xC3FE_02DC
OxC3FE_02EO0

reserved
0xC3FE_02FC
0xC3FE_0300

reserved
0xC3FE_031C
0xC3FE_0320

reserved
0xC3FE_033C
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Table 11-2. MC_CGM memory map (continued)

o|1|2|3|27|5|6|7|8|9|10[11]|12|13|14 |15
Address Name
16 |17 |18 |19 (20 |21 |22 |23 |24 |25 |26 | 27 | 28 | 29 | 30 | 31
0xC3FE_0340
reserved
0xC3FE_035C
O0xC3FE_0360
reserved
0xC3FE_036C
0xC3FE_0370 |CGM_OC_EN R{0O|O|O|O|]O|O|JO|O|O|O|O|O]|O|O|O0O]O
W
ROOOOOOOOOOOOOOOE
W N
O0xC3FE_0374 |CGM_OCDS_SC [R|0 | O SELDI ojojojojofo0ojo0o|o
SELCTL
W
R{O|O|O|O|O|O|JO|O|O|O|O|O|O|O|O0O]O
W
0xC3FE_0378 |CGM_SC_SS R{0O|0O0|0]|O SELSTAT o|o|0|O0O|0O]|]0O]|]O]O
W
Rf0O|O0O|O|O|]O|O|JO|O|O|O|O|O|O|O|O0O]O
W
0xC3FE_037C |CGM_SC_DCO0 Rlo| 0|00 ojojojojofojo|o
T DIVO
W o
R{O|O|O|O|O|O|JO|O|O|O|O|O|O|O|O0O]O
W
0xC3FE_0380 |CGM_ACO0_SC R{0O|0O0|0]|O ojojojojofojo|o
SELCTL
W
R{O|O|O|O|O|O|JO|O|O|O|O|O|O|O|O0O]O
W
OxC3FE_0384 |CGM_ACO_DCO |R| 5|00 |0 ~|10(0]O0
1 T DIVO ] DIV1
W o o
R{O|O|O|O|O|O|JO|O|O|O|O|O|O|O|O0O]O
W
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Table 11-2. MC_CGM memory map (continued)

0xC3FE_3FFC

o|1|2|3|27|5|6|7|8|9|10[11]|12|13|14 |15
Address Name
16 |17 |18 |19 (20 |21 |22 |23 |24 |25 |26 | 27 | 28 | 29 | 30 | 31
0xC3FE_0388 |CGM_AC1_SC R{0O|0|0]|O o|o|o0|O0O|0O]|]O]O]O
SELCTL
W
Rfojojojoj0|0O|O|O|]O]J]O|]O|O|O|O|O]|O
W
O0xC3FE_038C |CGM_AC1_DCO |R|o |0 |0 |0 o|o|o0|O0O|0O]|]O]O]O
T DIVO
WD
Rfojojojojo0o|0|O|O|]O]J]O|]O|O|O|O|O]|O
W
0xC3FE_0390 |CGM_AC2_SC R{0O|0|0]|O o|o|o0|O0O|0O]O]O]O
SELCTL
W
Rfojojojoj0|O0O|O|O|]O]JO|]O|O|O|O|O]|O
W
OxC3FE_0394 |CGM_AC2_.DCO |R|o5|0 |00 o|o|o0|O0O|0O]O]O]O
T DIVO
WD
Rfojojojojo0|0O|O|O|]O]J]O|]O|JO|O|O|O]|O
W
0xC3FE_0398 |CGM_AC3_SC R{0O|0|0]|O ojojojojofo0ojo0|o0
SELCTL
W
Rfojojojojo0|0O|O|O|]O]J]O|]O|JO|O|O|O]|O
W
0xC3FE_03A0 [CGM_AC4_SC RfoOj(0|O|O ojojojojofojo|o
SELCTL
W
Rfojojojoj0|0O|O|O|]O]JO|]O|O|O|O|O]|O
W
O0xC3FE_03A4
reserved

11.3.1

All registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes. The bytes are ordered

Register descriptions

according to big endian. For example, the CGM_OC_EN register may be accessed as a word at address

OxC3FE_0370, as a half-word at address OXC3FE_0372, or as a byte at address OXxC3FE_0373.
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11.3.1.1 Output Clock Enable Register (CGM_OC_EN)

Address OxC3FE_0370 Access: User read, Supervisor read/write, Test read/write
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

EN

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-2. Output Clock Enable Register (CGM_OC_EN)

This register is used to enable and disable the output clock.
Table 11-3. Output Clock Enable Register (CGM_OC_EN) Field Descriptions

Field Description

EN Output Clock Enable control
0 Output Clock is disabled
1 Output Clock is enabled

11.3.1.2 Output Clock Division Select Register (CGM_OCDS_SC)

Address OxC3FE_0374 Access: User read-only, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7
R 0 0
SELDIV SELCTL
w
Reset 0 0 0 0 0 0 0 0

Figure 11-3. Output Clock Division Select Register (CGM_OCDS_SC)

This register is used to select the current output clock source and by which factor it is divided before being
delivered at the output clock.
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Chapter 11 Clock Generation Module (MC_CGM)

Field Description
SELDIV | Output Clock Division Select
00 output selected Output Clock without division
01 output selected Output Clock divided by 2
10 output selected Output Clock divided by 4
11 output selected Output Clock divided by 8
SELCTL | Output Clock Source Selection Control — This value selects the current source for the output clock.

0000 16 MHz int. RC osc.
0001 4-40 MHz crystal osc.
0010 system FMPLL

0011 secondary (80 MHz) FMPLL
0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

11.3.1.3 System Clock Select Status Register (CGM_SC_SS)

Address OxC3FE_0378

Access: User read-only, Supervisor read, Test read

W

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

Figure 11-4. System Clock Select Status Register (CGM_SC_SS)

This register provides the current system clock source selection.
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Table 11-5. System Clock Select Status Register (CGM_SC_SS) field descriptions

Field Description

SELSTAT System Clock Source Selection Status — This value indicates the current source for the system
clock.

0000 16 MHz int. RC osc.
0001 reserved

0010 4-40 MHz crystal osc.
0011 reserved

0100 system FMPLL

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled

11.3.1.4 System Clock Divider Configuration Registers (CGM_SC_DCO0)

Address OxC3FE_037C Access: User read-only, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7
R 0 0 0
DEO DIVO
w
Reset 1 0 0 0 0 0 0 0

Figure 11-5. System Clock Divider Configuration Registers (CGM_SC_DCO0)

This register controls the system clock dividers.
Table 11-6. System Clock Divider Configuration Registers (CGM_SC_DCO0) Field Descriptions

Field Description

DEO |Divider 0 Enable
0 Disable system clock divider O
1 Enable system clock divider 0

DIVO | Divider 0 Division Value — The resultant peripheral I/O clock will have a period DIVO + 1 times that of the
system clock. If the DEOQ is set to ‘0’ (Divider O is disabled), any write access to the DIVO field is ignored and
the peripheral 1/O clock remains disabled.

MPC5643L Microcontroller Reference Manual, Rev. 9

240 Freescale Semiconductor



Chapter 11 Clock Generation Module (MC_CGM)

11.3.1.5 Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC)

Address OxC3FE_0380 Access: User read, Supervisor read/write, Test read/write
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
W SELCTL

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| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-6. Auxiliary Clock 0 Select Control Register (CGM_AC0_SC)

This register is used to select the current clock source for the following clocks:
e undivided: (unused)
» divided by auxiliary clock 0 divider 0: motor control clock
» divided by auxiliary clock 0 divider 1: sine wave generator clock
Table 11-7. Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC) Field Descriptions

Field Description

SELCTL | Auxiliary Clock 0 Source Selection Control — This value selects the current source for auxiliary clock 0.
0000 16 MHz int. RC osc.

0001 reserved

0010 reserved

0011 reserved

0100 system FMPLL

0101 secondary (120 MHz) FMPLL
0110 reserved

0111 reserved

1000 secondary (80 MHz) FMPLL
1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

11.3.1.6 Auxiliary Clock 0 Divider Configuration Registers (CGM_ACO0_DCO...1)

AddressOxC3FE_0384 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7
R 0 0 0
DEO DIVO
w
Reset 1 0 0 0 0 0 0 0

Figure 11-7. Auxiliary Clock 0 Divider Configuration Register 0 (CGM_AC0_DCO0)
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AddressOxC3FE_0385

Reset

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7
0 0 0
DE1 DIV1
1 0 0 0 0 0 0 0

Figure 11-8. Auxiliary Clock 0 Divider Configuration Register 1 (CGM_ACO0_DC1)

These registers control the auxiliary clock 0 dividers.
Table 11-8. Auxiliary Clock 0 Divider Configuration Registers (CGM_ACO0_DCO...1) field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 0 divider 0
1 Enable auxiliary clock O divider 0

DIVO | Divider 0 Division Value — The resultant motor control clock will have a period DIVO + 1 times that of
auxiliary clock 0. If the DEOQ is set to 0 (Divider 0 is disabled), any write access to the DIVO field is ignored
and the motor control clock remains disabled.

DE1 |Divider 1 Enable
0 Disable auxiliary clock 0 divider 1
1 Enable auxiliary clock 0 divider 1

DIV1 | Divider 1 Division Value — The resultant sine wave generator clock will have a period DIV1 + 1 times that
of auxiliary clock 0. If the DE1 is set to 0 (Divider 1 is disabled), any write access to the DIV1 field is ignored
and the sine wave generator clock remains disabled.

11.3.1.7 Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)

Address OxC3FE_0388

Access: User read, Supervisor read/write, Test read/write

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

W SELCTL
Reset 0 0 0 0 0 1 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| 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

Figure 11-9. Auxiliary Clock 1 Select Control Register (CGM_AC1_SC)

This register is used to select the current clock source for the following clocks:

undivided: (unused)
divided by auxiliary clock 1 divider 0: FlexRay clock
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Table 11-9. Auxiliary Clock 1 Select Control Register (CGM_AC1_SC) Field Descriptions

Field Description

SELCT | Auxiliary Clock 1 Source Selection Control — This value selects the current source for auxiliary
L clock 1.

0000 reserved

0001 reserved

0010 reserved

0011 reserved

0100 system FMPLL

0101 secondary (120 MHz) FMPLL

0110 reserved

0111 reserved

1000 secondary (80 MHz) FMPLL

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

11.3.1.8 Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)

AddressOxC3FE_038C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7
R 0 0 0
DEO DIVO
w
Reset 1 0 0 0 0 0 0 0

Figure 11-10. Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)

This register controls the auxiliary clock 1 divider.
Table 11-10. Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0) field descriptions

Field Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 1 divider 0
1 Enable auxiliary clock 1 divider O

DIVO |Divider 0 Division Value — The resultant FlexRay clock will have a period DIVO + 1 times that of auxiliary
clock 1. If the DEOQ is set to O (Divider 0 is disabled), any write access to the DIVO field is ignored and the
FlexRay clock remains disabled.
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11.3.1.9 Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)

Address OxC3FE_0390 Access: User read, Supervisor read/write, Test read/write
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
W SELCTL
Reset 0 0 0 0 0 1 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| 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

Figure 11-11. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC)

This register is used to select the current clock source for the following clocks:
e undivided: (unused)
» divided by auxiliary clock 2 divider 0: FlexCAN clock
Table 11-11. Auxiliary Clock 2 Select Control Register (CGM_AC2_SC) Field Descriptions

Field Description

SELCTL | Auxiliary Clock 2 Source Selection Control — This value selects the current source for auxiliary clock 2.
0000 reserved

0001 reserved

0010 reserved

0011 reserved

0100 system FMPLL

0101 secondary (120 MHz) FMPLL
0110 reserved

0111 reserved

1000 secondary (80 MHz) FMPLL
1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

11.3.1.10 Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

AddressOxC3FE_0394 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7
R 0 0 0
DEO DIVO
w
Reset 1 0 0 0 0 0 0 0

Figure 11-12. Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

This register controls the auxiliary clock 2 divider.
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Field

Description

DEO |Divider 0 Enable
0 Disable auxiliary clock 2 divider O
1 Enable auxiliary clock 2 divider O

DIVO

Divider 0 Division Value — The resultant FlexCAN clock will have a period DIVO + 1 times that of auxiliary
clock 2. If the DEO is set to 0 (Divider 0 is disabled), any write access to the DIVO field is ignored and the
FlexCAN clock remains disabled.

11.3.1.11 Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

Address OxC3FE_0390

Access: User read, Supervisor read/write, Test read/write

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

W SELCTL
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| 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

Figure 11-13. Auxiliary Clock 3 Select Control Register (CGM_AC3_SC)

This register is used to select the current clock source for the following clocks:
» undivided: PLLO reference clock
Table 11-13. Auxiliary Clock 3 Select Control Register (CGM_AC3_SC) Field Descriptions

Field

Description

SELCT
L

Auxiliary Clock 3 Source Selection Control — This value selects the current source for auxiliary clock
3.

0000 16 MHz int. RC osc.

0001 4-40 MHz crystal osc.

0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
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11.3.1.12 Auxiliary Clock 4 Select Control Register (CGM_AC4_SC)

Address OxC3FE_0390 Access: User read, Supervisor read/write, Test read/write
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
W SELCTL

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| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-14. Auxiliary Clock 4 Select Control Register (CGM_AC4_SC)

This register is used to select the current clock source for the FMPLL1 reference clock.

See Figure 11-20 for details.
Table 11-14. Auxiliary Clock 4 Select Control Register (CGM_AC4_SC) Field Descriptions

Field Description

SELCT | Auxiliary Clock 4 Source Selection Control — This value selects the current source for auxiliary clock 4.
L 0000 16 MHz int. RC osc.

0001 4-40 MHz crystal osc.
0010 reserved

0011 reserved

0100 reserved

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 reserved

11.4 Functional description

11.4.1 System clock generation

Figure 11-15 shows the block diagram of the system clock generation logic. The MC_ME provides the
system clock select and switch mask (see MC_ME documentation for more details), and the MC_RGM
provides the safe clock request (see MC_RGM documentation for more details). The safe clock request
forces the selector to select the 16 MHz int. RC osc. as the system clock and to ignore the system clock
select.
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. system clock is disabled if
16 MHz int. RC osc. ——=0 ME_<current mode>_MC.SYSCLK = “1111”

o

o

7§ » system clock

system FMPLL

CGM_SC_DCO0 Register

v

MC_RGM SAFE mode request I » peripheral set 0 clock

A

clock divider

“0000”
ME_<current mode>_MC.SYSCLK

4
CGM_SC_SS Register

Figure 11-15. MC_CGM system clock generation overview

11.4.1.1 System clock source selection

During normal operation, the system clock selection is controlled
* ona SAFE mode or reset event, by the MC_RGM
» otherwise, by the MC_ME

11.4.1.2 System clock disable
During the TEST mode, the system clock can be disabled by the MC_ME.

11.4.1.3 System clock dividers

The MC_CGM generates the following derived clock from the system clock:
» peripheral /O clock - controlled by the CGM_SC_DCO register

11.4.2 Auxiliary clock generation

Figure 11-15 shows the block diagram of the auxiliary clock generation logic. See Section 11.3.1.5,
“Auxiliary Clock 0 Select Control Register (CGM_ACO0_SC), Section 11.3.1.7, “Auxiliary Clock 1 Select
Control Register (CGM_AC1_SC), Section 11.3.1.9, “Auxiliary Clock 2 Select Control Register
(CGM_AC2_SC), Section 11.3.1.11, “Auxiliary Clock 3 Select Control Register (CGM_AC3_SC), and
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Section 11.3.1.12, “Auxiliary Clock 4 Select Control Register (CGM_AC4_SC) for auxiliary clock
selection control.

16 MHz int. RCosc. — a0
system FMPLL | 4
secondary (120 MHz) FMPLL 5
secondary (80 MHz) FMPLL |8 » (unused)
CGM_ACO0_DCO Register
y
A clock divider ——» motor control clock

CGM_ACO0_DC1 Register

CGM_ACO_SC Register

clock divider —» sine wave generator clock

Figure 11-16. MC_CGM auxiliary clock 0 generation overview
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system FMPLL 4
secondary (120 MHz) FMPLL 5
secondary (80 MHz) FMPLL 8 » (unused)
CGM_AC1_DCO Register
y
A clock divider ~ [—» FlexRay clock

CGM_AC1_SC Register

Figure 11-17. MC_CGM auxiliary clock 1 generation overview

system FMPLL L4
secondary (120 MHz) FMPLL 15
secondary (80 MHz) FMPLL '8 » (unused)
CGM_AC2_DCO Register
\ 4
A clock divider [ FIexCAN clock

CGM_AC2_SC Register

Figure 11-18. MC_CGM auxiliary clock 2 generation overview
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16 MHz int. RC osc.
4—-40 MHz crystal osc.

» PLLO reference clock

/L

CGM_ACS3_SC Register

Figure 11-19. MC_CGM auxiliary clock 3 generation overview

16 MHz int. RC osc.
4-40 MHz crystal osc.

» FMPLL1 reference clock

/k

CGM_AC4_SC Register

Figure 11-20. MC_CGM auxiliary clock 4 generation overview
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11.4.2.1  Auxiliary clock dividers

The MC_CGM generates the following derived clocks:
* motor control clock - controlled by the CGM_ACO0_DCO register
» sine wave generator clock - controlled by the CGM_ACO0_DC1 register
» FlexRay clock - controlled by the CGM_AC1_DCO register
e FlexCAN clock - controlled by the CGM_AC2_DCO register

11.4.3 Functional description of dividers

Dividers are used for the generation of divided system and peripheral clocks. The MC_CGM has the
following control registers for built-in dividers:

e Section 11.3.1.4, “System Clock Divider Configuration Registers (CGM_SC_DCO0)

» Section 11.3.1.6, “Auxiliary Clock 0 Divider Configuration Registers (CGM_AC0_DCO0...1)
» Section 11.3.1.8, “Auxiliary Clock 1 Divider Configuration Register (CGM_AC1_DCO0)

e Section 11.3.1.10, “Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

The reset value of all counters is “1’. If a divider has its DE bit in the respective configuration register set
to ‘0’ (the divider is disabled), any value in its DIVn field is ignored.

11.4.4 Output clock multiplexing

The MC_CGM contains a multiplexing function for a number of clock sources which can then be used as
output clock sources. The selection is done via the CGM_OCDS_SC register.

11.4.5 Output Clock Division Selection

G
1
2
3 L] - - |
CGM_OC_EN Register

- | >
3 l

16 MHz int. RC osc.

4-40 MHz crystal osc.
system FMPLL

secondary (80 MHz) FMPLL

2 10!
i M Port pin B[6]

0
LA

/k
CGM_OCDS_SC.SELDIV | |
Register

Figure 11-21. MC_CGM Output Clock Multiplexer and Port Pin B[6] Generation

The MC_CGM provides the following output signals for the output clock generation:
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» Port pin B[6] (see Figure 11-21). This signal is generated by using one of the 3-stage ripple counter
outputs or the selected signal without division. The non-divided signal is not guaranteed to be 50%
duty cycle by the MC_CGM.

The MC_CGM also has an output clock enable register (see Section 11.3.1.1, “Output Clock Enable
Register (CGM_OC_EN)) which contains the output clock enable/disable control bit.
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Chapter 12

Clock Monitor Unit (CMU)

12.1 Overview

The Clock Monitor Unit (CMU) serves three purposes:
» Selected clock monitoring: detect if the monitored clock leaves an upper or lower frequency

boundary

Chapter 12 Clock Monitor Unit (CMU)

»  XOSC clock monitoring: monitor the XOSC clock, which must be greater than the IRCOSC clock
divided by a division factor given by CMU_CSR[RCDIV]

» Frequency meter: measure the frequency of the IRCOSC clock versus the reference XOSC clock

frequency

When a failure is detected in one of the CMUSs, by either the selected clock monitor or the XOSC monitor,
the CMU notifies the MC_RGM, the MC_ME, and the FCCU modules. The default behavior is such that
a reset occurs and a status bit is set in the MC_RGM. The user also has the option to change the behavior

of the action by disabling the reset and selecting an alternate action. The alternate action can be either

entering SAFE mode or generating an interrupt.
Table 12-1. CMU module summary

Module Monitored clocks
CMU_O ¢ System clock
* XOSC
CMU_1 Motor control clock
CMU_2 FlexRay clock

12.2 Main features

* IRCOSC frequency measurement
»  XOSC clock monitoring with respect to (IRCOSC clock) +n

» Selected clock frequency monitoring with respect to (IRCOSC clock) + 4

» Event generation for various failures detected inside monitoring unit

12.3 Memory map and register description

The CMU registers are mapped through the MC_CGM (see the memory map in Chapter 11, Clock
Generation Module (MC_CGM)). The base address for each CMU is shown in Table 12-2.

Table 12-2. CMU base addresses

Module

Base address

CMU_O

0xC3FE_0100
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Table 12-2. CMU base addresses

Module Base address

CMU_1 0xC3FE_0120

CMU_2 0xC3FE_0140

The memory map of each CMU is shown in Table 12-3.
Table 12-3. CMU memory map

Address offset Register Location
0x00 Control status register (CMU_CSR) on page 254
0x04 Frequency display register (CMU_FDISP) on page 255
0x08 High-frequency reference register A (CMU_HFREFR_A) on page 256
0x0C Low-frequency reference register A (CMU_LFREFR_A) on page 256
0x10 Interrupt status register (CMU_ISR) on page 257
0x14 Reserved
0x18 Measurement duration register (CMU_MDR) on page 258

12.3.1 Control status register (CMU_CSR)

Address: Base + 0x00 Access: User read/write
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
W SFM

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

R0l o] o] o o] o o]o ol o] o
CKSEL1 roeplv | CME

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Figure 12-1. Control status register (CMU_CSR)

Table 12-4. CMU_CSR field descriptions

Field Description

SFM Start frequency measure

Set this bit to start a clock frequency measure. The bit is cleared by hardware when the measure is
ready in the CMU_FDR register. Software cannot clear this bit.

0 Frequency measurement is completed or not yet started.

1 Frequency measurement is not completed.
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Table 12-4. CMU_CSR field descriptions (continued)

CKSEL1 |Clock selection

This fieldselects the clock to be measured by the frequency meter.
For cut1 :

00 IRCOSC_CLK is selected.
01 IRCOSC_CLK is selected.
10 No clock is selected.

11 IRCOSC_CLK is selected.
For cut2/3:

00 IRCOSC_CLK is selected.
01 IRCOSC_CLK is selected.
10 IRCOSC_CLK is selected.
11 IRCOSC_CLK is selected.

RCDIV | IRCOSC clock division factor

These bits specify the IRCOSC clock division factor. The output clock is IRCOSC_CLK divided by the
factor 2RCPV_ This output clock is compared with XOSC_CLK for crystal clock monitor feature. The clock
division coding is as follows.

00 Clock divided by 1 (No division).

01 Clock divided by 2.

10 Clock divided by 4.

11 Clock divided by 8.

CME_A | Clock monitor enable
0 Monitor is disabled.
1 Monitor is enabled.

12.3.2 Frequency display register (CMU_FDR)

Address: Base + 0x04 Access: User read-only
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 FD[19:16]
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 FD[15:0]

w [ [ [ [ [ T [ I [ T [ [ |

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

Figure 12-2. Frequency display Register (CMU_FDR)

Table 12-5. CMU_FDR field descriptions

Field Description

FD Measured frequency bits
This register displays the measured frequency filgcosc_cLk With respect to fxosc_cLk- The measured
value is given by the following formula:

Fircosc_cLk = (Fxosc_cLk x MD)/n

where n is the value in CMU_FDR register
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12.3.3 High-frequency reference register A (CMU_HFREFR_A)

Address: Base + 0x08 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl 0 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

R| 0 0 0 0
w
Reset 0 0 0 0 1 1 1 1 ‘ 1 1 1 1 1 1 1 ]

Figure 12-3. High-frequency reference register A (CMU_HFREFR_A)

HFREF_A

Table 12-6. CMU_HFREFR_A field descriptions

Field Description

HFREF_A |High-frequency reference value
These bits determine the high reference value for the FMPLL clock. The reference value is given by:
(HFREF_A—16) X (FlRCOSC7CLK+4)'

12.3.4 Low-frequency reference register A (CMU_LFREFR_A)

Address: Base + 0x0C Access: User read/write
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

LFREF_A

Reset 0 0 0 0 0 0 0 0 ‘ 0 0 0 0 0 0 0 0
Figure 12-4. Low-frequency reference register A (CMU_LFREFR_A)

Table 12-7. CMU_LFREFR_A fields descriptions

Field Description

LFREF_A |Low-frequency reference value
These bits determine the low reference value for the FMPLL clock. The reference value is given by:
(LFREF_A—16) X (F|RCOSC_CLK+4)'
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12.3.5 Interrupt status register (CMU_ISR)

Address: Base + 0x10 Access: User read/write
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
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 <(| <| <(| —
o|lolo]lo|o|lo|lo|o|lo|lo|lo|]ol|lg |z |a|5
z £ |2 |°
w wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-5. Interrupt status register (CMU_ISR)
Table 12-8. CMU_ISR field descriptions
Field Description
FLCI_A | Monitored clock frequency less than reference clock interrupt
This bit is set by hardware when both of the following are true:
* The monitored clock frequency becomes lower than reference clock frequency (Fircosc_cLk*4)
value
¢ The selected clock source is 'ON' (and locked in the case of FMPLL_0 and FMPLL_1).
It can be cleared by software by writing 1.
0 No FLC event.
1 FLC event is pending.
FHHI_A | Monitored clock frequency higher than high reference interrupt
This bit is set by hardware when both of the following are true:
¢ The monitored frequency becomes higher than HFREF_A value
¢ The selected clock source is 'ON' (and locked in the case of FMPLL_0 and FMPLL_1).
It can be cleared by software by writing 1.
0 No FHH event.
1 FHH event is pending.
FLLI_A | Monitored clock frequency less than low reference event
This bit is set by hardware when both of the following are true:
* The monitored clock frequency becomes lower than LFREF_A value
¢ The selected clock source is 'ON' (and locked in the case of FMPLL_0 and FMPLL_1).
It can be cleared by software by writing 1.
0 No FLL event.
1 FLL eventis pending.
OLRI XOSC clock frequency less than IRCOSC clock frequency event
This bit is set by hardware when both of the following are true:
¢ The frequency of XOSC_CLK is less than IRCOSC_CLK/2RCPV frequency
e XOSC_CLK is ‘ON’ and stable as signaled by the MC_ME.
It can be cleared by software by writing 1.
0 No OLR event.
1 OLR event is pending.
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12.3.6 Measurement duration register (CMU_MDR)

Address: Base + 0x18 Access: User read/write
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
MDI[19:16]
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

MD[15:0]

Reset 0 0 0 0

o o o oo 0o 0 0O 0O 0 0 0
Figure 12-6. Measurement duration register (CMU_MDR)

Table 12-9. CMU_MDR field descriptions

Field Description

MD Measurement duration bits
This register displays the measured duration in terms of IRCOSC clock cycles. This value is loaded
in the frequency meter down-counter. When CMU_CSR[SFM] = 1, the down-counter starts counting.

12.4 Functional description

The names of the clocks involved in this block have the following meaning:
*  XOSC_CLK: clock coming from the XOSC
* IRCOSC_CLK: clock coming from the IRCOSC
e CK_PLL: clock coming from the FMPLL
*  Fxosc cLk: frequency of external crystal oscillator clock
. FIRCOS_C cLk. frequency of low frequency internal RC oscillator
 FPLL: fr?aquency of FMPLL clock

12.4.1 XOSC clock monitor
The XOSC clock is monitored by CMU_O. If Fxosc cik is smaller than Fircosc cLk divided by
2CMU_CSRIRCDIV gnd the XOSC is ‘ON’ and stable as signaled by the MC_ME, then:

e CMU_ISR[OLRI] is set.
» Afailure event OLR is signaled to the MC_RGM and FCCU, which in turn can generate a
‘functional’ reset, a SAFE mode request, or an interrupt.
NOTE

The XOSC monitor m?}/ 8roduce a false event when Fyosc ¢k 1S less than
2xFircosc._cLi+2eMU-CSRIREDIVI due to an accuracy limitation of the
compare circuitry.
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12.4.1.1 System clock monitor

The system clock is monitored by CMU_0. The Fsyg ¢ k frequency can be monitored by programming
CMU_CSR[CME] = 1.SYS_CLK monitoring starts as soon as CMU_CSR[CME] = 1. This monitor can
be disabled at any time by writing CME bit to 0.

If Fsys cLk IS greater than a reference value determined by the CMU_HFREFR_A[HFREF_A] bits and
the system clock is enabled, then:
¢ CMU_ISR[FHHI] is set
o Afailure event is signaled to the MC_RGM and FCCU, which in turn can generate a ‘functional’
reset, a SAFE mode request, or an interrupt
If Fsys cLk IS less than a reference clock frequency (Fircosc cLk+4) and the system clock is enabled,
then: -
e CMU_ISR[FLCI] is set
» Afailure event FLC is signaled to the MC_RGM and Fault Collection Unit, which in turn can
generate a ‘“functional’ reset, a SAFE mode request, or an interrupt
If Fsys cLk IS less than a reference value determined by the CMU_LFREFR_A[LFREF_A] bits and the
system clock is enabled, then:
¢ CMU_ISR[FLLI] is set
o Afailure event is signaled to the MC_RGM and FCCU, which in turn can generate a “functional’
reset, a SAFE mode request, or an interrupt
NOTE

The system clock monitor ma Broduce a false event when Fgyg ¢ k IS less
than 2xFircosc._crk/2EMY-CSRIREPVI dye to an accuracy limitation of the

compare circuitry.

12.4.1.2 Motor control clock monitor

The motor control clock is monitored by CMU_L. Fyo1c cLk can be monitored by programming
CMU_CSR[CME] = 1. MOTC_CLK monitoring starts as soon as CMU_CSR[CME] = 1. This monitor
can be disabled at any time by programming CMU_CSR[CME] = 0.

If FmoTe cLk is greater than a reference value determined by the CMU_HFREFR_A[HFREF_A] and the
currently selected motor control clock source is ‘ON’ (and locked in the case of FMPLL_0 or FMPLL_1),
then:

« CMU_ISR[FHHI] is set.

o Afailure event is signaled to the MC_RGM and FCCU, which in turn can generate a “functional’
reset, a SAFE mode request, or an interrupt.

If FmoTc_cLk is less than a reference clock frequency (Fircosc ciLk+4) and the currently selected motor
control clock source is ‘ON’ (and locked in the case of FMPLL_0 or FMPLL_1), then:

» Event pending bit CMU_ISR[FLCI] is set.
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» Afailure event FLC is signaled to the MC_RGM and FCCU, which in turn can generate a
‘functional’ reset, a SAFE mode request, or an interrupt.

If FmoTe cLk IS less than a reference value determined by the CMU_LFREFR_A[LFREF_A] bits and the
currently selected motor control clock source is ‘ON’ (and locked in the case of FMPLL_0 or FMPLL_1),
then:

* CMU_ISR[FLLI] is set.

» Afailure event is signaled to the MC_RGM and FCCU, which in turn can generate a “functional’

reset, a SAFE mode request, or an interrupt.
NOTE
The motor control clock monitor may produce a false event when

FmoTc_cLk 18 1ess than 2xFircosc_cLk+2cmu_csrirepiv] due to an
accuracy limitation of the compare circuitry.

12.4.1.3 FlexRay clock monitor

The FlexRay clock is monitored by CMU_2. Fgr ¢k can be monitored by programming
CMU_CSR[CME] = 1. FR_CLK monitoring starts as soon as CMU_CSR[CME] = 1. This monitor can be
disabled at any time by programming CMU_CSR[CME] = 0.

If FEr cLk 1S greater than a reference value determined by the CMU_HFREFR_A[HFREF_A] bits and
the currently selected motor control clock source is ‘ON’ and locked, then
e CMU_ISR[FHHI] is set.

» failure event is signaled to the MC_RGM and FCCU, which in turn can generate a ‘“functional’
reset, a SAFE mode request, or an interrupt.

If Fer cLk 1S less than a reference clock frequency (Fircosc cLk+4) and the currently selected motor
control clock source is ‘ON’ and locked, then: -

¢  CMU_ISR[FLCI] is set.
» Afailure event FLC is signaled to the MC_RGM and FCCU, which in turn can generate a
‘functional’ reset, a SAFE mode request, or an interrupt.

If Fer cLk IS less than a reference value determined by the CMU_LFREFR_A[LFREF_A] bits and the
currently selected motor control clock source is ‘ON’ locked, then:
*  CMU_ISR[FLLI] is set.
o Afailure event is signaled to the MC_RGM and FCCU, which in turn can generate a “functional’
reset, a SAFE mode request, or an interrupt.
NOTE

The FlexRay clock monitor may produce a false eventwhen Fgg ¢ i is less
than 2xFircosc._cLk+2°MY-CSRIREPVI due to an accuracy limitation of

the compare circuitry.
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12.4.1.4 Frequency meter
The frequency meter, which is part of CMU_0, calibrates the IRCOSC using a known frequency.

NOTE
This value can then be stored in the flash memory so that application
software can reuse it later on.

The reference clock is always the XOSC. A simple frequency meter returns a draft value of
IRCOSC_CLK. The measurement starts when CMU_CSR[SFM] is set. The measurement duration is
given by the CMU_MDR register in terms of IRCOSC_CLK cycles with a width of 20 bits. The SFM bit
is cleared by the hardware after the frequency measurement is done and the count is loaded in the
CMU_FDR. Fircosc cLk can be derived from the value loaded in the CMU_FDR register as follows:

Fircosc_cLk = (Fxosc_cLk x MD) + n Eqn. 12-1
where n is the value in CMU_FDR register and MD is the value in CMU_MDR.
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Chapter 13
Cross-Triggering Unit (CTU)

13.1 Introduction

In PWM driven systems it is important to schedule the acquisition of the state variables with respect to
PWM cycle. State variables are obtained through the following peripherals: ADC, position counter (e.g.
quadrature decoder, resolver and sine-cos sensor) and PWM duty cycle decoder.

The cross triggering unit (CTU) is intended to completely avoid CPU involvement in the time acquisitions
of state variables during the control cycle that can be the PWM cycle, the half PWM cycle or a number of
PWM cycles. In such case the pre-setting of the acquisition times needs to be completed during the
previous control cycle, where the actual acquisitions are to be made, and a double-buffered structure for
the CTU registers is used, in order to activate the new settings at the beginning of the next control cycle.
In addition, there are 4 FIFOs inside the CTU available to store the ADC results.

13.2 Block diagram

CTU Clock (as PWM)

Prescaler
Y Y TRIGGER_O

PWM_REL > >

> > ADC_CMD_0
PWM_ODD_x > >

> > NEXT_CMD_0

> Trigger : - FIFO_0
PWM_EVEN_x Generator > Sghzdu!ter TRIGGER_1

’ : ubuni

»| Subunit ADC_CMD_1

> | NexTomp 1 T
RPWM_x -~ | FiFo_1
ETIMERO_IN - ETIMERO_TRG
ETIMERT_IN = ETIMER1_TRG =
EXT_IN MRS EXT_TRG

Figure 13-1. Cross triggering unit block diagram

13.3 CTU overview

The CTU receives various incoming signals from different sources (PWM, timers, position decoder and/or
external pins). These signals are then processed to generate up to eight trigger events. An input can be a

rising edge, a falling edge or both, edges of each incoming signal. The output can be a pulse or acommand
(or a stream of consecutive commands for over-sampling support) or both, to one or more peripherals (e.g.
ADC, timers and so on).
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The CTU interfaces to the following peripherals: (1) PWM (13 inputs); (2) Timers (2 inputs); (3) GPIO,
i.e. an external signal (1 input). The 16 input signals are digital signals and the CTU must be able to detect
a rising and/or a falling edge for each of them.

The CTU comprises the:
* Input signals interface
» User interface (configuration registers and so on)
» ADC interface
» Timers interface
The block diagram of the CTU is shown in Figure 13-1. The CTU consists of two subunits:
» Trigger generator subunit
» Scheduler subunit

The trigger generator subunit handles incoming signals, selecting for each signal, the active edges to
generate the Master Reload signal, and generates up to eight trigger events (signals). The scheduler subunit
generates the trigger event output according to the occurred trigger event (signal).

13.4 Functional description

13.4.1 Interaction with other peripherals

Figure 13-2 shows how the CTU interacts with the following peripherals:

e ADC
 DSPI

e eTimer

* FlexPWM
* FlexRay

The CTU ETMRO_IN, also known as ETIMERO _IN, is an input for the CTU sub module called TGS
(Trigger Generator Subunit). Additional information on how to use these inputs is in sections

Section 13.4.4, TGS in triggered mode and Section 13.4.5, TGS in sequential mode. The FlexPWM
signals are described in Section 25.2.5, EXT_FORCE — External Output Force Signal.
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Figure 13-2. CTU interaction with other peripherals

13.4.2 Trigger events features
The TGS has the capability to generate up to eight trigger events. Each trigger event has the following
characteristics:

» The generation of the trigger event is sequential in time.

» The Triggers List uses eight 16-bit double-buffered registers.

* On each Master Reload Signal (MRS), the new Triggers List is loaded.

» The Triggers List is reloaded on a MRS occurrence, only if the reload enable bit is set.

* The minimum time between two CTU triggers is the ADC conversion time plus two CTU clock
cycles. If an ADC conversion is not required, then the minimum time between two triggers is a
single CTU clock cycle.

13.4.3 Trigger generator subunit (TGS)

The trigger generator subunit has the following two modes:
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» Triggered mode: each event source for the incoming signals can generate up to eight trigger event
outputs. For the ADC, a commands list is entered by the CPU, and each event source can generate
up to eight commands or streams of commands.

» Sequential mode: each event source for the incoming signals can generate one trigger event
output, the next event source generates the next trigger event output, and so on in a predefined
sequence. For the ADC, a commands list is entered by the CPU and the sequence of the selected
incoming trigger events generate commands or stream of commands.

The TGS Mode is selected using the TGS_M bit in the TGS Control Register.

13.4.4 TGS in triggered mode
The structure of the TGS in Triggered Mode is shown in Figure 13-3.

CTU Clock (as PWM)

TGS Counter Compare Register TGS Counter Comparator
PWM_REL ‘ [ I o [ ]
PWM_ODD_x : TGS Counter STOP Signal
5 =5 —» [ 1}
> za Prescaler (1, 2, 3, 4) A
PWM_EVEN_x cg TGS Counter
» 5 ——— ] I ]
|90 ’
>l oc TGS Counter Reload Register ]
> 86
RPWM_x |28 >
T o -
» Q - <
» O > <
- =] > >
ETIMERO_IN o > >
ETIMERT_IN | >| OR > >
EXT_IN o : Triggers Compare Registers t
> (double-buffered) Comparators
[ I .
Input Selection Master Reload Signal (MRS) -~
32-bit Register

Figure 13-3. TGS in triggered mode

The TGS has 16 input signals, each of which is selected from the input selection register (TGSISR),
selecting the states inactive, rising, falling or both. Depending on the selection, up to 32 input events can
be enabled. These signals are OR-ed in order to generate the MRS. The MRS, at the beginning of the
control cycle "N” (defined by the MRS occurrence), is used to pre-load the TGS counter register, using the
pre-load value written into the double-buffered register (TGSCRR), during the control cycle "N-1”, and to
reload all the double-buffered registers (Trigger Compare registers, TGSCR, TGSCRR itself etc).

The triggers list registers, consist of 8 compare registers. Each triggers list register is associated with a

comparator. On reload (MRS occurrence), the comparators are disabled: 1 TGS clock cycle is necessary
to enable them and to start the counting. The MRS is output together with individual trigger signals. The
MRS can be performed by hardware or by software. The MRS_SG bit in the CTU control register, if set
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to 1, generates equivalent software MRS (i.e. resets/reloads TGS Counter and reloads all double-buffered
registers). This bit is cleared by each hardware or software MRS occurrence.

The TGS counter compare register and the TGS counter comparator, are used to stop the TGS counter
when it reaches the value stored in the TGS counter compare register, before an MRS occurs.

The prescaler for TGS and SU can be 1,2,3,4 (PRES bhits in the TGS Control Register).

An example timing for the TGS in Triggered Mode is shown in Figure 13-4. The red arrows indicate the
MRS occurrences, while the black arrows indicate the trigger event occurrences, with the relevant delay
in respect to the last MRS occurrence.

. Delay Ty

Delay T,
Delay T,

Delay T,

' ]

TN

Figure 13-4. Example timing for TGS in triggered mode

I

13.4.5 TGS in sequential mode
The structure of the TGS in sequential mode is shown in Figure 13-5.

The 32 input events (16 signals with 2 edges for signal), which can be individually enabled, are OR-ed in
order to generate the event signal (ES). The ES is used to enable the reload of the TGS counter register and
to pilot the 3-bits counter, in order to select the next active trigger. One of the 32 input events can be
selected, through the MRS_SM (master reload selection sequential mode) 5-bits in the TGS control
register, to be the MRS, that enables the reload of the triggers list and resets the 3-bits counter (incoming
events counter), i.e. the MRS is the signal linked with the control cycle defined as the time window
between two consecutive MRSs. In this mode, each incoming event sequentially enables only one trigger
event through the 3-bits counter and the MUX. The MUX is a selection switch which enables, according
to the number of event signals occurred, only one of the eight trigger signals to the scheduler subunit.
Sequences of up to eight trigger events can be supported within this control cycle.

For the other features see the previous paragraphs.
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CTU Clock (as PWM)
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+ A A
[ I ] Clock (ES) -
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32-bit Register Reset (MRS)
Master Reload Signal (MRS) -
I— o
Master Reload Selection
(5 bits in TGS Control Register)

Figure 13-5. TGS in sequential mode

An example timing diagram for TGS in sequential mode is shown in Figure 13-6. The red arrows indicate
the MRS occurrences and ES occurrences, while the black arrows indicate the trigger event occurrences
with the relevant delay in respect to the ES occurrence. The first red arrow indicates the first ES occurrence
which is also the MRS.

' Delay Ty 1
< '
\ Delay T, S :
- ! ' ! '
[ ' Delay T, ! '

L L | i DelayTy |
\ \ \ B S

bbby _

Figure 13-6. Example timing for TGS in sequential mode

13.4.6 TGS counter

The TGS counter is able to count from negative to positive, i.e. from 0x8000 to Ox7FFF. Figure 13-7 shows
examples in order to explain the TGS counter counts. The compare operation to stop the TGS counter is
not enabled during the first counting cycle, in order to allow the counting, if the value of the TGSCRR is
the same as the value of the TGSCCR.
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MRS ] TGS Counter—Case 1 n

Value in TGSCCR —»
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Value in TGSCRR —» >

' '
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Value in TGSCCR
—

! TGS Counter

Value in TGSCRR — >
MRS ] TGS Counter—Case 3 n
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Figure 13-7. TGS counter cases

13.5 Scheduler subunit (SU)

The structure of the SU is shown in Figure 13-8.
The SU generates the trigger event output according to the occurred trigger event, and it has the same
functionality in both TGS modes (triggered mode and sequential mode). Each of the 4 SU outputs:

1. ADC command or ADC stream of commands,

2. eTimerl pulse,

3. eTimer2 pulse and

4. External trigger pulse)

can be linked to any of 8 trigger events by the Trigger Handler block. Each trigger event can be linked to
one or more SU outputs.

If two events at the same time are linked to the same output only one output is generated and an error is
provided. The output is generated using the trigger with the lowest index. For example if trigger 0 and
trigger 1 are linked to the ADC output and they occur together, an error is generated and the output linked
with the trigger O is generated.

When a trigger is linked to the ADC, an associated ADC command (or stream of commands) is generated.
The ADC Commands List Control Register CLCRXx sets the assignment to an ADC command or to a
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stream of commands. When a trigger is linked to a timer or to the external trigger, a pulse with an active
rising edge is generated. Additional features for the external triggers are available:

The external trigger output has:
» Pulse mode
* Toggle mode.

In Toggle Mode, each trigger event is linked to the external trigger, the external trigger pin toggles. The
ON-Time for both modes (Pulse Mode and Toggle Mode) of the triggers is defined from a COTR register
(Control On Time Register). A guard time is also defined from the same register at the same value of the
ON-Time. A new trigger will be generated only if the ON time + Guard Time has past. The ON-Time and
the Guard Time are only used for external Triggers.

External signals can be asynchronous with motor control clock. For this reason a programmable digital
filter is available. The external signal is considered at 1 if it is latched N time at 1, and is considered at 0
if it is latched N time at 0, where N is a value in the digital filter control register.

Trigger events in the SU can be initiated by hardware or by software, and an additional software control
is possible for each trigger event (as for the MRS), so 1 bit for each trigger event in the CTU Control
Register is used to generate an equivalent software trigger event. Each of these bits will be cleared by a
respective hardware or software trigger event.

CTU Clock

TRIGGER_O
Prescaler ADC_CMD_0

(1,23, 4y ADC C d NEXT_CMD_0
omman _ _
i Generator -
TRIGGER_1

ADC_CMD_1

Subunit Clock ADC Commands List Registers| NEXT_CMD_1
(double-buffered)

Trigged0..7 Trigger A [Ready J FIFO_0
unit

0.7

[ [ | FIFOs

- | | | Su FIFO_1
ADC Commands List Control Clock
Registers (double-buffered) Y

Yy

-« |

Yy

\J

A A

> eT1 Trigger ETIMERO_TRG
Ready | Generator g
. Trigger - -
Subunit Clock ———— Handler «——| eT2 Trigger ETIMERLTF;G
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{ I - o
71 eT3 Trigger ETIMER2_TRG
Trigger Handler Control Register Ready | Generator >
(double-buffered)

< | eT4 Trigger ETIMER3_TRG
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A

Figure 13-8. Scheduler subunit
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13.5.1 ADC commands list

The ADC can be controlled by the CPU (CPU Control Mode) and by the CTU (CTU Control Mode). The
CTU can control the ADC from sending an ADC command only when the ADC is in CTU control mode.
During the CTU control mode, the CPU is able to write to the ADC registers but it can not start a new
conversion. A control bit is allowed to select from the classic interface of the CTU control mode. Once
selected, no change is possible unless a reset occurs.

The SU uses a Commands List in order to select the command to send to the ADC when a trigger event
occurs. The commands list can hold 24 16-bits commands (see Section 13.5.2, ADC commands list
format) and it is double-buffered, i.e. the commands list can be updated at any time between two
consecutive MRS, but the changes become workable only after the next MRS occurs, and a correct reload
is performed. In order to manage the commands list, 5 bits are available in the CLCRx (ADC Commands
List Control Register x), for the position of the first command in the list of commands for each trigger
event. The number of commands piloted by the same trigger event is defined directly in the commands list.
For each command there is a bit which defines whether it is the first command of a commands list, or not.

13.5.2 ADC commands list format

The two ADCs support the Single Conversion Mode (1 bit in the ADC command format allows selection
of the conversion mode), and the Dual Conversion Mode (the sampling phases and the conversion phases,
are performed at the same time, the storage of the results are performed in series). The result of each
conversion, in both modes, can be stored in one of the 4 available FIFOs. In dual conversion mode, both
ADCs must store the result of their conversion in the same FIFO. If the access to the FIFO is in the same
clock cycle, the ADC unit 0 has the priority, otherwise the first ADC which ends its conversion, will write
as first in the FIFO. The CTU FIFO order is non-deterministic. Please note that CTU FIFO order in dual
mode may be in reverse when a dual conversion is followed by single ADCO with ADC clock divider is
enabled. 4 analog channels are shared across the 2 ADCs and the total number of channels is 28 (12 + 12
+ 4 shared channels), i.e. 16 channels for each ADC (12 + 4 shared channels). The dual conversion mode
on the same physical channel is not allowed, but the dual conversion mode on the same channel number
is allowed. According to this, if, in dual conversion mode, the channel number is the same for both the
ADCs and the selected channel is one of the shared channels, the CTU will detect an invalid command. In
dual conversion mode 4 bits for each ADC are used to select the channel number and the conversion mode
selection bit is used to select the dual conversion mode. If the single conversion mode is selected, 5 bits of
the 8 bits reserved to select the channels in dual conversion mode are re-used to select the channel (4 bits)
and the ADC unit (1 bit). See Section 13.10.9, Commands list register x (x = 1,...,24) (CLRXx).

The interrupt request bit is used as an interrupt request to the CPU when ADC will complete the command
with this bit set and it is only for CTU internal use. Before the next command to the CTU controls is sent,
the value of the first command bit, is checked to see if it is the current command is the first command of a
new stream of consecutive commands or not. If not, the CTU sends the command. According to the
previous considerations, the commands in the list will allow to have control on:

» Channel A: number of ADC channel to sample from ADC unit 0 (4 bits);

» Channel B: number of ADC channel to sample from ADC unit 1 (4 bits);

* FIFO selection bits for the ADC unit 0/1 (2 bits);

» Conversion Mode selection bit: 0 Single Conversion Mode - 1 Dual Conversion Mode;
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» First command bit (only for CTU internal use);
* Interrupt request bit (only for CTU internal use).

13.5.3 ADC results

ADC results can be stored in the channel relevant standard result register and/or in one of the 4 FIFOs: the
different FIFOs allow to dispatch ADC results according to the type of acquisition (ex: phase currents,
rotor position, ground-noise, other). Each FIFO has its own interrupt line and DMA request signal (plus
an individual overflow error bit in the FIFO status register). The store location is specified in the ADC
command, i.e. the FIFOs are available only in CTU Control Mode. Each entry of a FIFO is 32-bits. The
size of the FIFOs are the following: FIFOO0 & FIFO1: 16 entries (sized to avoid overflow during a full
PWM period for current acquisitions); FIFO2 & FIFO3: 4 entries (low acquisition rate FIFOs). Results in
each FIFO can be read by 16 bits read transaction (only the result is read in order to minimize the CPU
load before computing on results) or by 32 bits read transaction (both the result and the channel number
are read in order to avoid blind acquisitions), 5 bits in the upper 16 bits indicate the ADC unit (1 bit) and
the channel number (4 bits). The result registers (only for the FIFOs) can be read from 2 different addresses
in the ADC memory map. The format of the result depends on the address from which it is read. The
available formats are:
* Unsigned right-justified
(conversion result is unsigned right-justified data, i.e. bits [11:0] are used for 12-bit resolution and
bits [15:12] always return zero when read).

» Signed left-justified
(conversion result is signed left-justified data, i.e. bit [15] is reserved for sign and is always read
as zero for this ADC, bits [14:3] are used for 12-bit resolution and bits [2:0] always return zero
when read).

13.6 Reload mechanism

Some CTU registers are double-buffered, and the reload is controlled by a reload enable bit, as the
TGSISR_RE bit or the DFE bit, but for the most of the double-buffered registers, the reload is controlled
by the MRS occurrence, and it is synchronized with the beginning of the CTU control period.

If the MRS occurs while the user is updating some double-buffered registers, eg. some registers of the
Triggers List, the new Triggers List will be a mix of the old Triggers List and the new Triggers List,
because the user has not ended the update of the Triggers List before the MRS occurrence.

In order to avoid this case, one bit is used to enable the reload operation, i.e. to inform the CTU that the
user has ended updates to the double-buffered registers, and the reload can be performed without problems
of mixed scenarios. In order to guarantee the coherency, the reload of all double-buffered registers is
enabled by setting GRE (General Reload Enable) bit in the CTU Control Register. The user must ensure
that all intended double-buffered registers are updated before a new MRS occurrence. If an MRS occurs
before a GRE bit is set (e.g. wrong application timing), the update is not performed, the previous values
of all double-buffered registers remain active, the error flag is set (the MRS_RE bit in the CTU Error Flag
Register) and, if enabled, CTU performs an interrupt request.
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All the double-buffered registers use the same bit (General Reload Enable - GRE) to enable the reload
when the MRS occurs. GRE bit is R/S (Read/Set) and if this bit is 1, the reload can be performed, while if
this bit is 0, the reload is not performed. A correct reload reset GRE bit. All double-buffered registers
cannot be writtento while the GRE bit remains set to 1. The GRE bit can be reset by the occurrence of the
next MRS (i.e. a correct reload) or by software setting CGRE bit.

The CGRE is reset by hardware after that GRE bit is reset. If the user sets the CGRE bit and at the same
time a MRS occurs, CGRE has the priority so GRE is reset and the reload is not performed. In the same
way, the GRE has the priority when compared with the MRS occurrence, and the CGRE has the priority
compared with the GRE (the two bits are in the same register so they can be set in the same time). MRS
has the priority compared with the re-synchronization bit of the TGSISR.

In order to verify if a reload error occurs, FGRE (Flag GRE bit in the CTU Control Register) bit is used.
When one of the double-buffered registers is written, this flag is set to 1 and it is reset by a correct reload.
When the MRS occurs while FGRE is 1 and GRE is 1, a correct reload is performed (because all intended
registers have been updated before the MRS occurs). If FGRE is 1 and GRE is 0, a reload is not performed,
the error flag (MRS_RE) is set and (if enabled) an interrupt for an error is performed (in this case at least
one register was written but the update has not ended before the MRS occurrence). If FGRE is 0 it is not
necessary to perform a reload because all the double-buffered registers are unchanged (see Figure 13-9).

Normal Case

MRS Il
GRE 1
FGRE |
MRS_RE :
MRS Error Case |-'
GRE [
FGRE | .
MRS_RE —

Figure 13-9. Reload error scenario

13.7 Power safety mode

STOP mode is a mechanism to reduce power consumption.

13.7.1 STOP mode

To reduce power consumption, it is also possible to enable a stop request from the MC_ME. The FIFOs
are considered a lot like memory mapped registers. When the clock is started after a stop signal, some
mistakes could occur. For example, a wrong trigger could be provided because it was programmed before
the stop signal was performed, and some incorrect write operations into the FIFOs could happen. For this
reason after a stop signal the FIFO must be empty. In order to avoid the problems linked to a wrong trigger,
the CTU output can be disabled by the CTU_ODIS bitand the ADC interface state machine can be reset
by the CRU_ADC _R (see Section 13.10.14, Cross triggering unit control register (CTUCR).
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13.8 Interrupts and DMA requests

13.8.1 DMA support

The DMA can be used to configure the CTU registers. One DMA channel is reserved for performing a
block transfer, and the MRS can be used as an optional DMA request signal (MRS _DMAE bit in the CTU
Interrupt/ DMA Register).

NOTE

If enabled, the DMA request on the MRS occurrence will be performed only
if a reload is performed, i.e. only if GRE bit is set.

Moreover, this CTU implementation requires DMA support for reading the data from the FIFOs. One
DMA channel is available for each FIFO. Each FIFO can perform a DMA request when the number of
words stored in the FIFO exceeds the threshold value. The threshold value must be less than the number
of FIFO entries.

13.8.2 CTU faults and errors

Faults and errors which could occur during the programming:
* a MRS occurs while user is updating the double-buffered registers and the MRS _RE bit is set.

» Receiving more than 8 EVs before that the next MRS occurs in TGS sequential mode and the
SM_TO bit is set.

» Atrigger event occurs during the time when the actions of the previous trigger event are not
completed (user ensures no trigger event occurs during another one is processed, but if user makes
a mistake and a trigger event occurs when another one is processed, the incoming trigger event will
be lost and an error occurs).

There are 4 overrun flags (one for each type of output). The general mechanism shall be as in
Figure 13-8.

The Trigger Handler, when a trigger event occurs, and the corresponding Ready signal is high,
presents the respective trigger signal (one cycle high time + one cycle low time) to the respective
generator sub-block (ADC Command Generator, eTO Trigger Generator, eT1 Trigger Generator or
Ext. Trigger Generator). This generator sub-block then generates the requested signal. Until this
real signal is generated (including guard time) the Ready signal is kept low.

In the case of ADC command generator, the Ready signal shall be kept low until the last conversion
in the batch is finished. The respective overrun flag is set at the following conditions:

— Ready signal is low.

— The rising edge of the respective trigger signal (from Trigger Handler to generator sub-block)
occurs.

This architecture allows user to pre-set, for example, a trigger to the eTimerl in the middle of an
ADC conversion, i.e. the SU will be considered busy only if a request to perform the same action
that the SU is already performing occurs. One of the ADC_OE, TO OE, T1 OE or ET_OE bit is
set.

* Invalid (unrecognized) ADC command and the ICE bit is set.
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The MRS occurs before the enabled trigger events occur and the MRS _O bit is set.

Chapter 13 Cross-Triggering Unit (CTU)

TGS overrun in sequential mode: a new incoming EV occurs before than the trigger event selected
by the previous EV occurs. The incoming EV sets an internal busy flag. The outgoing trigger event
(all line are OR-ed) resets this flag to zero. TGS Overrun in the sequential mode shall be generated
under the following conditions:

— TGS is in sequential mode

— there is an incoming EV while the busy flag is high. the TGS_OSM bit is set.

The faults/errors flags in the CTU error flag register and in the CTU interrupt flag register can be cleared
by writing a 1 while writing a 0 has no effect. The CTU does not support a write-protection mechanism.

13.8.3 CTU interrupt/DMA requests

The CTU can perform the following interrupt/DMA requests (15 interrupt lines):

Error interrupt request (see Section 13.8.2, CTU faults and errors) (1 interrupt line);

ADC command interrupt request (1 interrupt line);
Interrupt request on MRS occurrence (1 interrupt line);

Interrupt request on each trigger event occurrence (1 interrupt line for each trigger event).
FIFOs interrupt requests and/or DMA transfer request (1 interrupt line for each FIFO).

DMA transfer request on the MRS occurrence if GRE bit is set;

The interrupt flags are shown in Table 13-1.

Table 13-1. CTU interrupts

Interrupt Interrupt function
MRS_RE Master Reload Signal Reload Error
SM_TO Trigger Overrun (more than 8 EV) in TGS Sequential Mode
ICE Invalid Command Error
MRS_O Master Reload Signal Overrun
TGS_OSM TGS Overrun in Sequential Mode
ADC_OE ADC command generation Overrun Error
TO_OE Timer 0 trigger generation Overrun Error
T1_OE Timer 1 trigger generation Overrun Error
ET_OE External Trigger generation Overrun Error
ADC_I ADC command interrupt flag
MRS_I MRS Interrupt flag
TO_I Trigger O interrupt flag
T1_I Trigger 1 interrupt flag
T2_I Trigger 2 interrupt flag
T3_l Trigger 3 interrupt flag
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Table 13-1. CTU interrupts (continued)

Interrupt Interrupt function
T4_| Trigger 4 interrupt flag
T5_1 Trigger 5 interrupt flag
T6_l Trigger 6 interrupt flag
T7_1 Trigger 7 interrupt flag
FIFO_FULLO This bit is set to 1 if the FIFO 0 is full.
FIFO_EMPTYO This bit is set to 1 if the FIFO 0 is empty.
FIFO_OVERFLOWO This bit is set to 1 if the number of words became higher of the value set in the threshold
0
FIFO_OVERRUNO This bit is set to 1 if a write operation occurs when corresponding FIFO_FULLDO flag is
set
FIFO_FULL1 This bit is set to 1 if the FIFO 1 is full.
FIFO_EMPTY1 This bit is set to 1 if the FIFO 1 is empty.

FIFO_OVERFLOW1 This bitis set to 1 if the number of words became higher of the value set in the threshold
1

FIFO_OVERRUN1 This bit is set to 1 if a write operation occurs when corresponding FIFO_FULL1 flag is

set
FIFO_FULL2 This bit is set to 1 if the FIFO 2 is full.
FIFO_EMPTY2 This bit is set to 1 if the FIFO 2 is empty.
FIFO_OVERFLOW?2 This bit is set to 1 if the number of words became higher of the value set in the threshold
2
FIFO_OVERRUN2 This bit is set to 1 if a write operation occurs when corresponding FIFO_FULL2 flag is
set
FIFO_FULL3 This bit is set to 1 if the FIFO 3 is full.
FIFO_EMPTY3 This bit is set to 1 if the FIFO 3 is empty.

FIFO_OVERFLOW3 This bit is set to 1 if the number of words became higher of the value set in the threshold
3

FIFO_OVERRUN3 This bit is set to 1 if a write operation occurs when corresponding FIFO_FULLS flag is
set

Note: In order to reduce the number of interrupt lines, the interupts are combined (OR-ed) on the same line, as follows:
MRS_RE, SM_TO, ICE, MRS_O, TGS_OSM, ADC_OE, TO_OE, T1_OE & ET_OE - ERR_,

FIFO_FULLO, FIFO_EMPTYO, FIFO_OVERFLOWO and FIFO_OVERRUNO - FIFOO_],

FIFO_FULL1, FIFO_EMPTY1, FIFO_OVERFLOW1 and FIFO_OVERRUNT - FIFO1_l,

FIFO_FULL2, FIFO_EMPTY2, FIFO_OVERFLOW2 and FIFO_OVERRUN?2 - FIFO2_],

FIFO_FULL3, FIFO_EMPTY3, FIFO_OVERFLOW3 and FIFO_OVERRUNS - FIFO3_lI.
According to this, the total number of interrupt lines is 15.
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13.9 Conversion time evaluate

Using the registers CTU_EXPECTED_A and CTU_EXPECTED_B, it is possible to check if the time
between a start of conversion (ADCTRIG) and the end of conversion is in a specify range.

The range is obtained using the expected register and the CTU_CNT _range.

The ctu range register is used to mask the least significant bit of the CTU_EXPECTED register. If a bit of
the CTU_CNT range is at one , the correspondent bit of the "expected register” becomes don't care.

If the CTU_RANGE is 00001111 and the CTU_EXPECTED is 10100111. The expected value became
1010---- and the range is from 10100000 - 10101111.

13.10 Memory map
Table 13-2. TGS registers

Address offset Register Double(-lbuffere Synchr:nlzatlo Reset value
0x0000 TGSISR — Trigger Generator subunit Yes TGSISR_RE 0x0000 0000
Input Selection Register
0x0004 TGSCR — Trigger Generator subunit Yes MRS 0x0000
Control Register
0x0006 TOCR — Trigger 0 Compare Register Yes MRS 0x0000
0x0008 T1CR — Trigger 1 Compare Register Yes MRS 0x0000
0x000A T2CR — Trigger 2 Compare Register Yes MRS 0x0000
0x000C T3CR — Trigger 3 Compare Register Yes MRS 0x0000
0x000E T4CR — Trigger 4 Compare Register Yes MRS 0x0000
0x0010 T5CR — Trigger 5 Compare Register Yes MRS 0x0000
0x0012 T6CR — Trigger 6 Compare Register Yes MRS 0x0000
0x0014 T7CR — Trigger 7 Compare Register Yes MRS 0x0000
0x0016 TGSCCR — TGS Counter Compare Yes MRS 0x0000
Register
0x0018 TGSCRR — TGS Counter Reload Yes MRS 0x0000
Register
Table 13-3. SU registers
Address . Double-buffere R Reset
Register Synchronization
offset d value
0x001C | CLCR1 — Commands List Control Register 1 Yes MRS 0x0000
0000
0x0020 |CLCR2 — Commands List Control Register 2 Yes MRS 0x0000
0000
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Table 13-3. SU registers (continued)

Address . Double-buffere R Reset
Register Synchronization
offset d value
0x0024 | THCR1 — Trigger Handler Control Register 1 Yes MRS 0x0000
0000
0x0028 | THCR2 — Trigger Handler Control Register 2 Yes MRS 0x0000
0000
0x002C ... | CLRx — Commands List Register x (x = 1,...,24) Yes MRS 0x0000
0x005A
Table 13-4. FIFO registers
Address Register Double-buffered | Synchronization Reset
offset value
0x006C | FDCR — FIFO DMA Control Register NO 0x0000
0x0070 |FCR — FIFO Control Register NO 0x0000
0000
0x0074 |FTH — FIFO Threshold NO 0x0000
0000
0x007C | FST — FIFO Status Register NO 0x0000
0000
0x0080 |FRO — FIFO Right aligned data 0 NO 0x0000
0000
0x0084 |FR1 — FIFO Right aligned data 1 NO --- 0x0000
0000
0x0088 |FR2 — FIFO Right aligned data 2 NO --- 0x0000
0000
0x008C | FR3 — FIFO Right aligned data 3 NO 0x0000
0000
0x00A0 |FLO — FIFO Left aligned data 0 NO 0x0000
0000
0x00A4 | FL1 — FIFO Left aligned data 1 NO 0x0000
0000
0x00A8 | FL2 — FIFO Left aligned data 2 NO 0x0000
0000
0Xx00AC |FL3 — FIFO Left aligned data 3 NO 0x0000
0000
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Table 13-5. Other CTU registers

Address . Double-buffere - Reset
Register Synchronization
offset d value
0x00C0 | CTUEFR — Cross Triggering Unit Error Flag NO 0x0000
Register
0x00C2 | CTUIFR — Cross Triggering Unit Interrupt Flag NO 0x0000
Register
0x00C4 | CTUIR — Cross Triggering Unit Interrupt Register NO 0x0000
0x00C6 | COTR — Control ON-Time Register Yes MRS 0x0000
0x00C8 | CTUCR — cross triggering unit control register NO 0x0000
0x00CA | CTUDF — Cross Triggering Unit Digital Filter Yes DFE 0x0000
0x00CC |CTU_EXP_A — Cross Triggering Unit Expected NO OxFFFF
Value A
0x00CE |CTU_EXP_B — Cross Triggering Unit Expected NO ---- OxFFFF
Value A
0x00D0 |CTU_CNTRNG — Cross Triggering Unit Counter NO 0x0000
Range

Address: Base + 0x0000

13.10.1 Trigger generator subunit input selection register (TGSISR)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
e e |||t | & || |8 | |8 || |#|w|d
We ol |s|ele|d| ool |
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 L L L L L L L L L L L L L L [T
w o i, o i, o L o L o L o L T L T
Wr ||l e | |vw | | ¥ | |0 |d | o | = | =2 |2
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 13-10. Trigger generator subunit input sel. register(TGSISR)
Table 13-6. TGSISR Field descriptions
Filed Description
0 Input 15
[15_FE |ext_signals Falling edge Enable (0: disabled - 1: enabled)
1 Input 15
[15_RE |ext_signals Rising edge Enable (0: disabled - 1: enabled)
2 Input 14
[14_FE |eTimers1 ETIMER1_IN Falling edge Enable (0: disabled - 1: enabled)
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Table 13-6. TGSISR Field descriptions (continued)

Filed Description
3 Input 14

[14_RE |eTimers1 ETIMER1_IN Rising edge Enable (0: disabled - 1: enabled)
4 Input 13

[13_FE |eTimersO ETIMERO_IN Falling edge Enable (0: disabled - 1: enabled)
5 Input 13

[13_RE |eTimersO ETIMERO_IN Rising edge Enable (0: disabled - 1: enabled)
6 Input 12

[12_FE |Real PWM ch.3 Falling edge Enable (0: disabled - 1: enabled)
7 Input 12

[12_RE |Real PWM ch.3 Rising edge Enable (0: disabled - 1: enabled)
