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Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of
Freescale's MC56F84xx series of digital signal controller (DSC) devices.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using these DSCs in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix 0b.

Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.
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Conventions

1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example

Description

placeholder, x

Items in italics are placeholders for information that you provide. Italicized text is also used for
the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width type
is also used for example code. Instruction mnemonics and directives in text and tables are
shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the

Scaling Mode (SCM) field in the Status Register (SR).

REVNO[6:4], XAD[7:0]

Numbers in brackets and separated by a colon represent either:
* A subset of a register's named field

For example, REVNOQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 6-0 of the REVNO register.

¢ A continuous range of individual signals of a bus

For example, XAD[7:0] refers to signals 70 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning
asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
¢ An active-low signal is asserted when low (0).
deasserted Refers to the state of a signal as follows:
¢ An active-high signal is deasserted when low (0).
¢ An active-low signal is deasserted when high (1).
In some cases, deasserted signals are described as negated.
reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
wic Write 1 to clear: Refers to a register bitfield that must be
written as 1 to be "cleared."
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Chapter 2
Introduction

2.1 Introduction

The 56F844x/5x/7x is the initial family of 32-bit S6800EX core—based Digital Signal
Controllers (DSCs). Each device in the family combines, on a single chip, the processing
power of a 32-bit DSP and the functionality of a microcontroller with a flexible set of
peripherals. Due to its cost-effectiveness, configuration flexibility, and compact program
code, the 56F844x/5x/7x is well-suited for many consumer and industrial applications.

The 56800EX core is based on a dual Harvard-style architecture consisting of three
execution units operating in parallel, allowing as many as six operations per instruction
cycle. The MCU-style programming model and optimized instruction set allow
straightforward generation of efficient, compact DSP and control code. The instruction
set is also highly efficient for C compilers to enable rapid development of optimized
control applications. Additionally, memory resource protection (MRP) is provided to
protect supervisor programs and resources from user programs.

The 56F844x/5x/7x supports up to 100 MHz program execution from both internal flash
memory and RAM. Both on-chip flash memory and RAM can also be mapped into both
program and data memory spaces. Two data operands can be accessed from the on-chip
data RAM per instruction cycle.

2.1.1 Core Overview

The 56F844x/5x/7x family is based on an 56800EX core, which updates the S6800E
core. The S6800EX core has all S6800E core features and adds new enhancements,
including:

e 32-bit x 32-bit MUL/MAC operations

* all registers in the Address Generation Unit (AGU) have shadowed registers that
effectively reduce the context save/restore time during exception processing,
reducing latency
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* bit-reverse address mode supporting Fast Fourier Transform
e new bit manipulation instruction that integrates a Test bitfield and a Set/Clear
(BFSC) bitfield into a single instruction

With all existing 32-bit arithmetic operations, the S6800EX core is truly 32-bit
compatible.

2.1.2 Memory Overview
Devices in the 56F844x/5x/7x family include multiple blocks of on-chip memory:

* Up to 256 KB (128 KW) program flash memory
* Upto 32 KB (16 KW) data flash memory
* Upto 32 KB (16 KW) RAM

Both bulk erasing and erasing in pages are supported.

2.1.3 Peripheral Overview

A full set of programmable peripherals—including eFlexPWMs, ADCs, QSCIs, QSPIs,
12Cs, a FlexCAN, Inter-Module Crossbars, Quad Timers, a CRC block, DACs, Analog
Comparators, and on-chip/off-chip clock sources—supports various applications. Each
peripheral's clock can be independently gated to save power. Any pin in these peripherals
can also be used as General Purpose Input/Outputs (GPIOs).

2.2 Application Examples

With numerous, highly integrated peripherals and powerful processing capabilities, the
56F844x/5x/Tx family is especially useful for switched-mode power supplies (SMPSs),
advanced motor control (including dual motor control), smart appliances, uninterruptible
power supplies (UPSs), photovoltaic systems, power distribution systems, wireless
charging, and advanced lighting systems.

Table 2-1. Sample Applications

Application Examples

Multi-output digital SMPSs

Interleaving Power Factor Correction (PFC)
Multiple phase converters

LLC DC to DC converters

Switched-mode power
supplies (SMPSs)

Table continues on the next page...
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Chapter 2 Introduction

Table 2-1. Sample Applications (continued)

Application Examples

Universal motors

DC motors

AC Induction Motors (ACIMs)
Brushless DC (BLDC) motors
Permanent Magnet Synchronous Motors (PMSMs)
Switched Reluctance (SR) motors
Stepper motors

Linear motors

Actuators

Poly-phase motors

Dual motor control

Advanced motor control

Smart appliances Washing machines
Dryers
Dishwashers

Induction cookers

Single phase UPS
Three phase online UPS

Uninterruptible power supplies
(UPSs)

Photovoltaic systems

Residential solar inverter

Grid-tied three phase solar inverter
Micro-inverter

Fuel cell generator

Circuit breakers
¢ Arc fault detectors
* Power quality monitors

Power distribution systems

Wireless charging

Advanced lighting systems

2.3 Features

The following list summarizes the superset of features across the entire S6F844x/5x/7x
family.

56800EX 32-bit DSC core
Up to 100 MHz operation frequency
Up to 144 KW program/data flash memory, including FlexNVM
Up to 16 KW dual port program/data RAM
FlexMemory and configuration options:
* Up to 16 KW FlexNVM, which can be used as additional program or data flash
memory
* Up to 1 KW FlexRAM, which can be used as additional RAM
* When FlexXNVM and FlexRAM are used in conjunction: Up to 1 KW high-
endurance, enhanced EEPROM, or a combination of data flash memory and
EEPROM
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Features
* Memory resource protection (MRP) unit:
* Partitions software into two modes—supervisor software and user software—
with separate system address spaces and resources, for both program and data
* Protects supervisor programs and resources from user programs
* Four-channel DMA
* One 8-channel eFlexPWM module with NanoEdge™ placement and enhanced
capture with up to 312 ps resolution
* One 8-channel eFlexPWM module with accumulative fractional clock calculation
and enhanced capture
* 2 x 8-channel 12-bit cyclic ADC with up to 300 ns conversion speed
* 1 x 24-channel 16-bit SAR ADC with temperature sensor
* Watchdog timer
e Cyclic Redundancy Check (CRC) Generator
* On-chip 8 MHz/400 kHz relaxation oscillator, 32 kHz Relaxation Oscillator and 4
MHz to 16 MHz Crystal Oscillator (XOSC)
* Power Supervisor
* Inter-Module Crossbar
* Programmable Interrupt Controller (INTC)
* Two Quad Timers
* One Quadrature Decoder
* Two Periodic Interval Timers
e Two Programmable Delay Blocks
* One 12-bit DAC
* Four 6-bit DACs (64-tap voltage reference)
* Four High Speed Comparators
e Three Queued SPI modules
* Three Queued SCI modules
* Two [2C/SMBus modules
* One FlexCAN module
* 5 V tolerant I/0O
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Chapter 2 Introduction

2.3.1 MC56F844x/5x/7x Product Family

The following table highlights major features, including features that differ among
members of the family. Features not listed are shared by all members of the family.

Table 2-2. 56F844x/5x/7x Family

Part MC56F84
Number 1”789 786 | 769 | 766 | 763 | 553 | 550 | 543 | 540 | 587 | 585 | 567 | 565 | 462 | 452 | 451 | 442 | 441
Core 100 | 100 | 100 | 100 [ 100 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 60 | 60 | 60 | 60 | 60
frequency
(MHz)
Flash 256 [ 256 | 128 | 128 [ 128 | 96 | 96 | 64 | 64 | 256 | 256 | 128 | 128 | 128 | 96 | 96 | 64 | 64
memory
(KB)
FlevNVM/ | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2 | 32/2
FlexRAM
(KB)
Total flash | 288 | 288 | 160 | 160 | 160 | 128 | 128 | 96 | 96 | 288 | 288 | 160 | 160 | 160 | 128 | 128 | 96 | 96
memory,
including
FlexNVM
(KB)?
RAM (KB) | 32 32 24 24 24 16 16 8 8 32 32 24 24 24 16 16 8 8
Memory | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
resource
protection
External 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Watchdog
12-bit 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x5 | 2x8 | 2x5 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x5 | 2x8 | 2x5
Cyclic ADC | (300 | (300 | (300 | (300 | (300 | (300 | (300 | (300 | (300 | (600 | (600 | (600 | (600 | (600 | (600 | (600 | (600 | (600
channels | ns) [ ns) | ns) [ ns) [ ns) | ns) | ns)|[ns)|[ns)|ns)y|[ns)|ns)|ns)|ns)|ns)|ns)|ns)|ns)
16-bit SAR | 1x 1x 1x 1x | 1x8 | 1x8 0 1x8 0 1x 1x 1x 1x 0 1x8 0 1x8 0
ADC (with | 16 | 10 | 16 | 10 16 | 10 | 16 | 10
Temp
Sensor)
channels
PWMA
with input
capture:
High- 1x8 | 1x8 | 1x8 | 1x8 | 1x8 | 1x8 | 1x6 | 1x8 | 1x6 | O 0 0 0 0 0 0 0 0
resolution
channels
Standard 4 1 4 1 1 1 0 1 0 2x 1X 2x 1x [ 1x9 | 1x9 | 1x6 | 1x9 | 1x6
channels 12 | 12, | 12 | 12,
1x9 1x9
PWMB Ix | Ix7 | 1x | 1x7 | O 0 0 0 0 0 0 0 0 0 0 0 0 0
with input | 12 12
capture:
Standard
channels
DAC 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0
Table continues on the next page...
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Table 2-2. 56F844x/5x/7x Family (continued)
Part MC56F84
Number 1”769 786 | 769 | 766 | 763 | 553 | 550 | 543 | 540 | 587 | 585 | 567 | 565 | 462 | 452 | 451 442 | 441
Quad 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1
Decoder
DMA Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
CMP 4 4 4 4 4 4 3 4 3 4 4 4 4 4 4 3 4 3
QSCI 3 3 3 3 2 2 2 2 2 3 3 3 3 2 2 2 2 2
QSPI 3 2 3 2 2 2 2 2 2 3 2 3 2 2 2 2 2 2
12C/SMBus| 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FlexCAN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
LQFP 100 | 80 (100 | 80 | 64 | 64 | 48 | 64 | 48 100 | 80 [100 | 80 | 64 | 64 | 48 | 64 | 48
package
pin count

1. This total assumes no FlexNVM is used with FlexRAM for EEPROM.

MC56F844xx Reference Manual, Rev. 1, 06/2012

54

Preliminary

General Business Information

Freescale Semiconductor, Inc.



Chapter 2 Introduction

2.3.2 Block Diagram

JTAG
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ress ||3 =g £°C
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Bit Arithmetic || < =D i 2KB
Manipulation| | Logic Unit | = g ‘:’- @ Data/Program RAM
Unit (ALY) T | > <:> Up té; 24KB
DMA Controller /\ Interrupt Controller
Crystal OSC K] Ko interrup
o
Internal 8 MHz| © Watchdog (COP) <:> <:> Power Management
C;) e Controller (PMC)
Internal 32 kHZ C — :
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Peripheral Bus

Figure 2-1. Block Diagram
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2.3.3 56800EX 32-bit Digital Signal Controller Core

« Efficient 32-bit 56800EX Digital Signal Processor (DSP) engine with modified dual
Harvard architecture
* Three internal address buses
* Four internal data buses: two 32-bit primary buses, one 16-bit secondary data
bus, and one 16-bit instruction bus
 32-bit data accesses
* Support for concurrent instruction fetches in the same cycle and dual data
accesses in the same cycle
* 20 addressing modes
* As many as 60 million instructions per second (MIPS) at 60 MHz core frequency
* 162 basic instructions
* Instruction set supports both fractional arithmetic and integer arithmetic
» 32-bit internal primary data buses supporting 8-bit, 16-bit, and 32-bit data movement,
addition, subtraction, and logical operation
* Single-cycle 16 x 16-bit -> 32-bit and 32 x 32-bit -> 64-bit multiplier-accumulator
(MAC) with dual parallel moves
 32-bit arithmetic and logic multi-bit shifter
* Four 36-bit accumulators, including extension bits
* Parallel instruction set with unique DSP addressing modes
* Hardware DO and REP loops
* Bit reverse address mode, effectively supporting DSP and Fast Fourier Transform
algorithms
» Full shadowing of the register stack for zero-overhead context saves and restores:
nine shadow registers corresponding to the RO, R1, R2, R3, R4, R5, N, N3, and MO1
address registers
* Instruction set supporting both DSP and controller functions
* Controller-style addressing modes and instructions for compact code
* Enhanced bit manipulation instruction set
» Efficient C compiler and local variable support
 Software subroutine and interrupt stack with depth limited only by memory
* Priority level setting for interrupt levels
* JTAG/Enhanced On-Chip Emulation (OnCE) for unobtrusive, real-time debugging
that is independent of processor speed

2.3.4 Operation Parameters

* Up to 60 MHz operation at -40 °C to 105 °C ambient temperature
* Single 3.3 V power supply
* Supply range: Vpp - Vs =2.7Vt03.6 V, Vppa - Vgsa =27V 103.6 V
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2.3.5 Packages

« 48LQFP
* 64LQFP
e SOLQFP
« 100LQFP

2.3.6 On-Chip Memory and Memory Protection

* Modified dual Harvard architecture permits as many as three simultaneous accesses
to program and data memory
* Internal flash memory with security and protection to prevent unauthorized access
* Memory resource protection (MRP) unit to protect supervisor programs and
resources from user programs
* Programming code can reside in flash memory during flash programming
* The dual-ported RAM controller supports concurrent instruction fetches and data
accesses, or dual data accesses, by the DSC core.
» Concurrent accesses provide increased performance.
* The data and instruction arrive at the core in the same cycle, reducing latency.
* On-chip memory
* Up to 144 KW program/data flash memory, including FlexXNVM
e Up to 16 KW dual port data/program RAM
* Up to 16 KW FlexNVM, which can be used as additional program or data flash
memory
* Upto 1 KW FlexRAM, which can be configured as enhanced EEPROM (used in
conjunction with FlexXNVM) or used as additional RAM

2.3.7 Peripherals

2.3.7.1 System Modules

2.3.7.1.1 Interrupt Controller
* Five interrupt priority levels
» Three user programmable priority levels for each interrupt source: level O, 1, 2
* Unmaskable level 3 interrupts include: illegal instruction, hardware stack
overflow, misaligned data access, SWI3 instruction
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* Maskable level 3 interrupts include: EOnCE step counter, EOnCE breakpoint
unit, EOnCE trace buffer
» Lowest-priority software interrupt: level LP
* Support for nested interrupt: higher priority level interrupt request can interrupt
lower priority interrupt subroutine
* Masking of interrupt priority level managed by the 56800EX core
» Two programmable fast interrupts that can be assigned to any interrupt source
* Notification to System Integration Module (SIM) to restart clock when in wait and
stop states
* Ability to relocate interrupt vector table

2.3.7.1.2 Direct Memory Access (DMA) Controller
* Four independently programmable DMA controller channels
* Dual-address transfers via 32-bit master connection to the system bus
e Data transfers in 8-bit, 16-bit, or 32-bit blocks
* Continuous-mode or cycle-steal transfers from software or peripheral initiation
* One programmable input selected from 16 possible peripheral requests per channel
* Automatic hardware acknowledge/done indicator from each channel
 Independent source and destination address registers
* Optional modulo addressing and automatic updates of source and destination
addresses
* Independent transfer sizes for source and destination
* Optional auto-alignment feature for source or destination accesses
* Optional automatic single or double channel linking
* Programming model accessed via 32-bit slave peripheral bus
* Channel arbitration on transfer boundaries using fixed priority scheme
* DMA peripherals:
* Quad Timer
* ADCs
e Quadrature Decoder
* QSPIs
* QSCIs
* [2Cs
* PWMs
* Crossbar
* 12-bit DAC

2.3.7.1.3 Inter-Module Crossbar and AND-OR-INVERT logic
* Provides generalized connections between and among on-chip peripherals: ADCs,

12-bit DAC, Comparators, Quad Timers, eFlexPWMs, PDBs, EWM, Quadrature
Decoder, and select I/O pins
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» User-defined input/output pins for all modules connected to crossbar
* DMA request and interrupt generation from crossbar
* Write-once protection for all registers
e AND-OR-INVERT function that provides a universal Boolean function generator
using a four-term sum-of-products expression, with each product term containing
true or complement values of the four selected inputs (A, B, C, D).

2.3.7.1.4 Cyclic Redundancy Check (CRC) Generator
* Hardware 16/32-bit CRC generator
* High-speed hardware CRC calculation
e Programmable initial seed value
* Programmable 16/32-bit polynomial
* Error detection for all single, double, odd, and most multi-bit errors
* Option to transpose input data or output data (CRC result) bitwise or bytewise,
which is required for certain CRC standards
* Option for inversion of final CRC result

1

2.3.7.2 General Purpose I/0 (GPIO)

* 5V tolerance

* Individual control of peripheral mode or GPIO mode for each pin

e Programmable push-pull or open drain output

* Configurable pullup or pulldown on all input pins

 All pins except JTAG and RESETB pins default to be GPIO inputs
* 2 mA /9 mA source/sink capability

* Controllable output slew rate

2.3.7.3 Timers and PWM modules

2.3.7.3.1 Enhanced Flex Pulse Width Modulator (eFlexPWM)

* Up to 12 output channels in each module

* 16 bits of resolution for center, edge aligned, and asymmetrical PWMs

* PWMA with accumulative fractional clock calculation
* Accumulative fractional clock calculation improves the resolution of the PWM

period and edge placement

* Arbitrary PWM edge placement
» Equivalent to 312 ps PWM frequency and duty-cycle resolution on average

1. A bytewise transposition is not possible when accessing the CRC data register via 8-bit accesses. In this case, user
software must perform the bytewise transposition.
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Timers and PWM modules
» Each complementary pair can operate with its own PWM frequency base and
deadtime values
* 4 time base in each PWM module
* Independent top and bottom deadtime insertion for each complementary pair
* PWM outputs can operate as complementary pairs or independent channels
* Independent control of both edges of each PWM output
* Enhanced input capture and output compare functionality on each input
* 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
* Synchronization to external hardware or other PWM supported
* Double buffered PWM registers
e Integral reload rates from 1 to 16
» Half-cycle reload capability
* Multiple output trigger events can be generated per PWM cycle via hardware
* Support for double switching PWM outputs
» Up to eight fault inputs can be assigned to control multiple PWM outputs
* Programmable filters for fault inputs
* Independently programmable PWM output polarity
* Individual software control of each PWM output
* All outputs can be programmed to change simultaneously via a FORCE_OUT event
* PWMX pin can optionally output a third PWM signal from each submodule
* Option to supply the source for each complementary PWM signal pair from any of
the following:
* Crossbar module outputs
» External ADC input, taking into account values set in ADC high and low limit
registers

2.3.7.3.2 Quad Timer
* Four 16-bit up/down counters with programmable prescaler for each counter
* Operation modes: edge count, gated count, signed count, capture, compare, PWM,
signal shot, single pulse, pulse string, cascaded, quadrature decode
* Programmable input filter
» Counting start can be synchronized across counters

2.3.7.3.3 Enhanced Quadrature Decoder
* Includes logic to decode quadrature signals
» Configurable digital filter for inputs to remove glitches and ensure only true
transitions are recorded
* 32-bit position counter register

MC56F844xx Reference Manual, Rev. 1, 06/2012

60 Preliminary Freescale Semiconductor, Inc.
General Business Information




L __________________________________________________________________________________4
Chapter 2 Introduction
* 16-bit position difference register
* Maximum count frequency equals the IPBus clock rate
* Position counter can be initialized by software or external events
* Position counter and resolution counter can be captured by external trigger signal
(new feature)
* Preloadable 16-bit revolution counter
* Inputs can be connected to a general purpose timer, aiding low speed velocity
measurements
* Watchdog timer to detect a non-rotating shaft condition
* Optional use as a single phase pulse accumulator

2.3.7.3.4 Periodic Interrupt Timer (PIT) Modules
* 16-bit up-counter with programmable counter modulo
* Interrupt capability
* Selectable clock sources:
» External crystal oscillator/external clock source
* On-chip low-power 32 kHz oscillator
e System bus (IPBus up to 100 MHz)
* 8§ MHz / 400 kHz ROSC
 Can signal the device to exit powerdown mode
* Programmable master/slave selection between PIT instances

2.3.7.3.5 Programmable Delay Block (PDB) Modules

* 16-bit counter with programmable counter modulo and delay time

» Counter is initiated by positive transition of internal or external trigger pulse

 Support for synchronizing PWM and ADC conversions

* Two PDB outputs can be ORed together to schedule two conversions from one input
trigger event

* PDB outputs can be used to schedule precise edge placement for a pulsed output that
generates the control signal for the CMP windowing comparison

* Support for continuous mode or single shot mode

* Bypass mode supported

2.3.7.3.6 Computer Operating Properly (COP) Watchdog
e Programmable timeout period
* Support for operation in all power modes: run mode, wait mode, stop mode
» Causes loss of reference reset 128 cycles after loss of reference clock to the PLL is
detected
* Selectable reference clock source in support of EN60730 and IEC61508
 Selectable clock sources:
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» External crystal oscillator/external clock source
* On-chip low-power 32 kHz oscillator
* System bus (IPBus up to 60 MHz)
» 8 MHz / 400 kHz ROSC
* Support for interrupt triggered when the counter reaches the timeout value

2.3.7.3.7 External Watchdog Monitor (EWM)
* Monitors external circuit as well as the software flow
* Programmable time-out period
* Interrupt capability prior to time-out
* Independent output (EWM_OUT_b) that places external circuit (but not CPU and
peripheral) in a safe mode when EWM time-out occurs
* Selectable reference clock source in support of EN60730 and IEC61508
* Wait mode and stop mode operation is not supported
* Selectable clock sources:
» External crystal oscillator/external clock source
* On-chip low-power 32 kHz oscillator
* System bus (IPBus up to 100 MHz)
» 8 MHz / 400 kHz ROSC

2.3.7.4 Clock Modules

2.3.7.4.1 On-Chip Oscillators
* Tunable 8 MHz relaxation oscillator with 400 kHz at standby mode (divide-by-two
output)
» 32 kHz low frequency clock as secondary clock source for COP, EWM, PIT

2.3.7.4.2 Crystal Oscillator
* Support for both high ESR crystal oscillator (greater than 100-ohm ESR) and
ceramic resonator
* 4 MHz to 16 MHz operating frequency

2.3.7.4.3 Phase Locked Loop
* Wide programmable output frequency: 240 MHz to 400 MHz
* Input reference clock frequency: 8 MHz to 16 MHz
» Detection of loss of lock and loss of reference clock
* Ability to power down
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2.3.7.5 Analog Modules

2.3.7.5.1 12-bit Analog-to-Digital Converter (Cyclic type)
* Two independent 12-bit analog-to-digital converters (ADCs)
* 2 x 8-channel external inputs
* Built-in x1, x2, x4 programmable gain pre-amplifier
* Maximum ADC clock frequency is up to 20 MHz with as low as 50 ns period
* Single conversion time of 8.5 ADC clock cycles
 Additional conversion time of 6 ADC clock cycles
* Sequential, parallel, and independent scan mode
* First 8 samples have offset, limit and zero-crossing calculation supported
* ADC conversions can be synchronized by any module connected to internal crossbar
module, such as PWM and timer modules and GPIO and comparators
* Support for simultaneous and software triggering conversions
* Support for multi-triggering mode with a programmable number of conversions on
each trigger
* Each ADC has ability to scan and store up to 8 conversion results

2.3.7.5.2 16-bit Analog-to-Digital Converter (SAR type)
* Linear successive approximation algorithm with up to 16-bit resolution
 Differential and 16 single-ended external analog inputs
* Maximum ADC clock frequency up to 12.5 MHz
* Output modes: single-ended 16-bit, 12-bit, 10-bit, and 8-bit modes
e Output formatted in 2's complement, 16-bit sign extended for differential modes
* Output in right-justified, unsigned format for single-ended modes
* Single or continuous conversion (automatic return to idle after single conversion)
* Configurable sample time and conversion speed/power
* Conversion complete / hardware average complete flag and interrupt
* Input clock selectable from up to four sources
* Operation in low-power modes for lower-noise operation
* Asynchronous clock source for lower-noise operation with option to output the clock
e Automatic compare with interrupt for less-than, greater-than, or equal-to, within
range or out-of-range programmable value
* Integrated temperature sensor
 Selectable voltage reference: internal, external, or alternate

2.3.7.5.3 12-bit Digital-to-Analog Converter
e 12-bit resolution
e Powerdown mode
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» Automatic mode allows the DAC to automatically generate pre-programmed output
waveforms including square, triangle, and sawtooth waveforms for applications such
as slope compensation
* Programmable period, update rate, and range
 Qutput can be routed to an internal comparator, ADC, or optionally off chip

2.3.7.5.4 6-bit Digital-to-Analog Converter
e 2.7V to 3.3 V operation range
» 64-tap resistor ladder
* Selectable supply reference source
* Powerdown mode to conserve power when not in use
* Output routed to internal comparator input
* Less than 20 pA power consumption

2.3.7.5.5 Comparator
e Full rail-to-rail comparison range
* Support for high speed mode and low speed mode
* Selectable input source includes external pins and internal DACs
* Programmable output polarity
* 6-bit programmable DAC as voltage reference per comparator
* Three programmable hysteresis levels
 Selectable interrupt on rising edge, falling edge, or toggle of comparator output

2.3.7.6 Communication Interfaces

2.3.7.6.1 Queued Serial Peripheral Interface (QSPI) Modules
e Maximum 25 Mbps baud rate
* Selectable baud rate clock sources for low baud rate communication
* Baud rate as low as Baudrate_Freq_in/ 8192
 Full-duplex operation
* Master and slave modes
* Double-buffered operation with separate transmit and receive registers
* Four-word-deep FIFOs available on transmit and receive buffers
* Programmable length transmissions (2 bits to 16 bits)
* Programmable transmit and receive shift order (MSB as first bit transmitted)

2.3.7.6.2 Queued Serial Communications Interface (QSCI) Modules
* Operating clock up to two times CPU operating frequency
* Four-word-deep FIFOs available on both transmit and receive buffers
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 Standard mark/space non-return-to-zero (NRZ) format
* 13-bit integer and 3-bit fractional baud rate selection
* Full-duplex or single-wire operation
* Programmable 8-bit or 9-bit data format
* Error detection capability
* Two receiver wakeup methods:
e Idle line
e Address mark
* 1/16 bit-time noise detection

2.3.7.6.3 Inter-Integrated Circuit (12C)/System Management Bus (SMBus)
Modules
* Compatible with I2C bus standard
* Support for System Management Bus (SMBus) specification, version2
e Multi-master operation
* General call recognition
* 10-bit address extension
* Dual slave addresses
* Programmable glitch input filter

2.3.7.6.4 Flex Controller Area Network (FlexCAN) Module

* Clock source from PLL or XOSC/CLKIN

* Implementation of the CAN protocol Version 2.0 A/B

 Standard and extended data frames

* 0-to-8 bytes data length

* Programmable bit rate up to 1 Mbps

 Support for remote frames

 Sixteen Message Buffers, each configurable as receive or transmit, all supporting
standard and extended messages

* Individual Rx Mask Registers per Message Buffer

* Internal timer for time-stamping of received and transmitted messages

* Listen-only mode capability

* Programmable loopback mode supporting self-test operation

* Programmable transmission priority scheme: lowest ID, lowest buffer number, or
highest priority

* Global network time, synchronized by a specific message

* Low power modes, with programmable wakeup on bus activity
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2.3.7.7 Power Management

2.3.7.7.1 On-Chip Voltage Regulator
e Input 2.7 Vto 3.6 V (4.0 V absolute maximum rating)
* Provides 1.2 V + 10% accuracy
* Separate large and small regulators
* Distributed type layout

2.3.7.7.2 Power Supervisor
* Power-on reset (POR) to reset CPU, peripherals, and JTAG/EOnCE controllers
(VDD >2.1V)
* Brownout reset (VDD < 1.9V)
* Critical warn low voltage interrupt (LVI2.0)
* Peripheral low voltage interrupt (LVI2.7)
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the microcontroller. It
includes:

* module block diagrams showing immediate connections within the device,

* specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

* links for more information.

3.2 Digital Signal Controller (DSC) Core Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Debug

Crossbar DSC
switch

(AXBS_Lite) Core

Figure 3-1. Core configuration

Table 3-1. Reference links to related information

Topic

Related module

Reference

Full description

DSC core

DSP56800E and DSP56800EX Digital Signal
Controller (DSC) Cores Reference Manual
(document ID: DSP56800ERM)

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

bus module

System/instruction/data

Crossbar switch

Crossbar Switch (AXBS_Lite) Configuration

3.3 System modules

3.3.1 System Integration Module (SIM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Chapter 3 Chip Configuration
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Figure 3-2. SIM configuration

Table 3-2. Reference links to related information

Topic Related module

Reference

System Integration
Module (SIM)

Full description

SIM

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

3.3.2 MCM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers

DSC
core

Miscellaneous
Control Module
(MCM)

Figure 3-3. MCM configuration

Table 3-3. Reference links to related information

Topic Related module

Reference

Miscellaneous Control
Module (MCM)

Full description

MCM

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

DSC core

DSC core
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System modules

3.3.3 Inter-Peripheral Crossbar Switch (XBAR) and AND/OR/
INVERT (AOI) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral Bridge

Register
access

Transfers
Modules
Transfers
>

Signal XBARA
Muxing Signal
XBARB AQI Muxing

Figure 3-4. XBARA, XBARB, and AOI integration

Table 3-4. Reference links to related information

Topic Related module Reference
Full description XBARA Inter-Peripheral Crossbar Switch A (XBARA)
Full description XBARB Inter-Peripheral Crossbar Switch B (XBARB)
Full description AOI Inter-Peripheral Crossbar AND/OR/INVERT (AQOI) module
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.3.3.1 Number of inputs and outputs

The dedicated XBAR chapters refer to each instance's number of inputs as NUM_IN or N
and number of outputs as NUM_OUT or M. The following table identifies the values.

Table 3-5. XBAR inputs and outputs

XBAR instance Number of inputs (NUM_IN or N) Number of outputs (NUM_OUT or M)
XBARA 50 59
XBARB 26 16
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3.3.3.2 XBARA and XBARB Inputs

Chapter 3 Chip Configuration

The following table shows the signals that can be inputs to the XBARs.

Table 3-6. XBARA and XBARB Inputs

Package Signal Signal Description XBARA Input XBARB Input

VSS VSS XBAR_INO —

VDD VDD XBAR_IN1 —
XB_IN2 Package Pin XBAR_IN2 XBAR_IN14
XB_IN3 Package Pin XBAR_IN3 XBAR_IN15
XB_IN4 Package Pin XBAR_IN4 —
XB_IN5 Package Pin XBAR_IN5 —
XB_IN6 Package Pin XBAR_ING —
XB_IN7 Package Pin XBAR_IN7 —
XB_IN8 Package Pin XBAR_IN8 =
XB_IN9 Package Pin XBAR_IN9 —
XB_IN10 Package Pin XBAR_IN10 XBAR_IN20
XB_IN11 Package Pin XBAR_IN11 XBAR_IN21

CMPA_OUT Comparator A Output XBAR_IN12 XBAR_INO
CMPB_OUT Comparator B Output XBAR_IN13 XBAR_IN1
CMPC_OUT Comparator C Output XBAR_IN14 XBAR_IN2
CMPD_OUT Comparator D Output XBAR_IN15 XBAR_IN3
TBO_OUT TimerB 0 XBAR_IN16 XBAR_IN4
TB1_OUT TimerB 1 XBAR_IN17 XBAR_IN5
TB2_OUT TimerB 2 XBAR_IN18 XBAR_ING6
TB3_OUT TimerB 3 XBAR_IN19 XBAR_IN7
PWMAO_TRGO PWMAO Trigger 0 XBAR_IN20 XBAR_IN8
PWMAO_TRGH PWMAO Trigger 1 XBAR_IN21 (PWMAO_TRGO |
PWMAO_TRGH1)
PWMA1_TRGO PWMA1 Trigger 0 XBAR_IN22 XBAR_IN9
PWMA1_TRGH PWMA1 Trigger 1 XBAR_IN23 (PWMA1_TRGO |
PWMA1_TRGH1)
PWMA2_TRGO PWMA2 Trigger 0 XBAR_IN24 XBAR_IN10
PWMA2_TRGH PWMA2 Trigger 1 XBAR_IN25 (PWMA2_TRGO |
PWMA2_TRGH1)
PWMA3_TRGO PWMA3 Trigger 0 XBAR_IN26 XBAR_IN11
PWMA3_TRGH PWMAS3 Trigger 1 XBAR_IN27 (PWMA3_TRGO |
PWMA3_TRG1)
PDBO_OUT_A PDBO Trigger Output A XBAR_IN28 —
PDB0O_OUT_B PDBO Trigger Output B XBAR_IN29 XBAR_IN12
(PDBO_OUT_Bl|
PDB0_OUT_D)
PDB0O_OUT_C PDBO Trigger Output C XBAR_IN30 —

Table continues on the next page...
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System modules

Table 3-6. XBARA and XBARB Inputs

(continued)

Package Signal Signal Description XBARA Input XBARB Input
PDB0_OUT_D PDBO Trigger Output D XBAR_IN31 XBAR_IN12
(PDBO_OUT_B |
PDB0_OUT_D)
PDB1_OUT_A PDB1 Trigger Output A XBAR_IN32 —
PDB1_OUT_B PDB1 Trigger Output B XBAR_IN33 XBAR_IN13
(PDB1_OUT_B |
PDB1_OUT_D)
PDB1_OUT_C PDB1 Trigger Output C XBAR_IN34 —
PDB1_OUT_D PDB1 Trigger Output D XBAR_IN35 XBAR_IN13
(PDB1_OUT_B |
PDB1_OUT_D)
TAO_OUT TimerA 0 XBAR_IN36 XBAR_IN16
TA1_OUT TimerA 1 XBAR_IN37 XBAR_IN17
TA2_OUT TimerA 2 XBAR_IN38 XBAR_IN18
TA3_OUT TimerA 3 XBAR_IN39 XBAR_IN19
PWMBO_TRGO | PWMBO Trigger 0 or 1 XBAR_IN40 XBAR_IN22
PWMBO_TRG1 combination
PWMB1_TRGO | PWMBH1 Trigger O or 1 XBAR_IN41 XBAR_IN23
PWMB1_TRG1 combination
PWMB2_TRGO | PWMB2 Trigger 0 or 1 XBAR_IN42 XBAR_IN24
PWMB2_TRGH1 combination
PWMB3_TRGO PWMB3 Trigger 0 XBAR_IN43 XBAR_IN25
PWMB3_TRGH PWMBS3 Trigger 1 XBAR_IN44 (PWMB3_TRGO |
PWMB3_TRGH1)
QD_CMP (pos_match) Quadrature Encoder Compare XBAR_IN45 —
AND_OR_INVERT_0 AOI Output 0 XBAR_IN46 —
AND_OR_INVERT_1 AOI Output 1 XBAR_IN47 —
AND_OR_INVERT_2 AOI Output 2 XBAR_IN48 —
AND_OR_INVERT_3 AOI Qutput 3 XBAR_IN49 —
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Chapter 3 Chip Configuration

3.3.3.3 XBAR Interconnections

The following table shows how, within the chip, the AOI module mediates between

XBARB outputs and XBARA inputs.

Table 3-7. XBAR Interconnections

XBARB Output

AOI Input/Output

XBARA Input

XBAR_OUTO
XBAR_OUT1
XBAR_OUT2
XBAR_OUT3

AND_OR_INVERT_0

XBAR_IN46

XBAR_OUT4
XBAR_OUT5
XBAR_OUT6
XBAR_OUT7

AND_OR_INVERT_1

XBAR_IN47

XBAR_OUTS8
XBAR_OUT9
XBAR_OUT10
XBAR_OUT11

AND_OR_INVERT_2

XBAR_IN48

XBAR_OUT12
XBAR_OUT13
XBAR_OUT14
XBAR_OUT15

AND_OR_INVERT_3

XBAR_IN49

3.3.3.4 XBARA Outputs

Table 3-8. XBARA Outputs

XBARA Output Signal Signal Description
XBAR_OUTO DMA_REQO XBAR DMA Request 0
XBAR_OUTH1 DMA_REQ1 XBAR DMA Request 1
XBAR_OUT2 DMA_REQ2 XBAR DMA Request 2
XBAR_OUT3 DMA_REQ3 XBAR DMA Request 3
XBAR_OUT4 XB_0OUT4 Package Pin
XBAR_OUT5 XB_OUT5 Package Pin
XBAR_OUT6 XB_0OUT6 Package Pin
XBAR_OUT7 XB_OUT7 Package Pin
XBAR_OUTS8 XB_OUT8 Package Pin
XBAR_OUT9 XB_OUT9 Package Pin
XBAR_OUT10 XB_OUT10 Package Pin
XBAR_OUT11 XB_OUT11 Package Pin

MC56F844xx Reference Manual, Rev. 1, 06/2012

Table continues on the next page...

Freescale Semiconductor, Inc.

Preliminary
General Business Information

73



System modules

Table 3-8. XBARA Outputs (continued)

XBARA Output Signal Signal Description
XBAR_OUT12 ADCA_TRIG ADCA (Cyclic ADC) Trigger
XBAR_OUT13 ADCB_TRIG ADCB (Cyclic ADC) Trigger
XBAR_OUT14 ADCC_TRIG ADCC (SAR ADC) Trigger
XBAR_OUT15 DAC_12B_SYNC 12-bit DAC Synch
XBAR_OUT16 CMPA Comparator A Window/Sample
XBAR_OUT17 CMPB Comparator B Window/Sample
XBAR_OUT18 CMPC Comparator C Window/Sample
XBAR_OUT19 CMPD Comparator D Window/Sample
XBAR_OUT20 PWMAO_EXTA and PWMBO_EXTA PWMAO and PWMBO external input
XBAR_OUT21 PWMA1_EXTA and PWMB1_EXTA PWMA1 and PWMBH1 external input
XBAR_OUT22 PWMA2_EXTA and PWMB2_EXTA PWMA2 and PWMB2 external input
XBAR_OUT23 PWMA3_EXTA and PWMB3_EXTA PWMAS3 and PWMBS3 external input
XBAR_OUT24 PWMAO_EXT_SYNC PWMAO Ext Synch
XBAR_OUT25 PWMA1_EXT_SYNC PWMAT1 Ext Synch
XBAR_OUT26 PWMA2_EXT_SYNC PWMA2 Ext Synch
XBAR_OUT27 PWMAS3_EXT_SYNC PWMAS Ext Synch
XBAR_OUT28 PWMA_EXT_CLK and PWMA External Clock and PWMB
PWMB_EXT_CLK External Clock
XBAR_OUT29 PWMA_FAULTO and PWMB_FAULTO PWMA Fault0 and PWMB Fault0
XBAR_OUT30 PWMA_FAULT1 and PWMB_FAULT1 PWMA Fault1 and PWMB Fault1
XBAR_OUT31 PWMA_FAULT2 and PWMB_FAULT2 PWMA Fault2 and PWMB Fault2
XBAR_OUT32 PWMA_FAULT3 and PWMB_FAULT3 PWMA Fault3 and PWMB Fault3
XBAR_OUT33 PWMA_FORCE PWMA Force
XBAR_OUT34 TBO_IN Timer BO
XBAR_OUT35 TB1_IN Timer B1
XBAR_OUT36 TB2_IN Timer B2
XBAR_OUT37 TB3_IN Timer B3
XBAR_OUT38 PDBO_IN_TRIGO PDBO Input Trigger0
XBAR_OUT39 PDBO_FAULTA PDBO Fault A
XBAR_OUT40 PDBO_FAULTC PDBO Fault C
XBAR_OUT41 PDB1_IN_TRIGO PDB1 Input Trigger0
XBAR_OUT42 PDB1_FAULTA PDB1 Fault A
XBAR_OUT43 PDB1_FAULTC PDB1 Fault C
XBAR_OUT44 QD_PHA Quadrature Decoder Phase A
XBAR_OUT45 QD_PHB Quadrature Decoder Phase B
XBAR_OUT46 QD_INDEX Quadrature Decoder Index
XBAR_OUT47 QD_HOME Quadrature Decoder Home
XBAR_OUT48 QD_CAP Quadrature Decoder Capture
XBAR_OUT49 TAO_IN Timer AO
XBAR_OUT50 TA1_IN TimerA1

Table continues on the next page...
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Chapter 3 Chip Configuration

Table 3-8. XBARA Outputs (continued)

XBARA Output Signal Signal Description
XBAR_OUT51 TA2_IN Timer A2
XBAR_OUT52 TA3_IN Timer A3
XBAR_OUT53 PWMBO_EXT_SYNC PWMBO Ext Synch
XBAR_OUT54 PWMB1_EXT_SYNC PWMB1 Ext Synch
XBAR_OUT55 PWMB2_EXT_SYNC PWMB2 Ext Synch
XBAR_OUT56 PWMB3_EXT_SYNC PWMB3 Ext Synch
XBAR_OUT57 PWMB_FORCE PWMB Force
XBAR_OUT58 EWM_IN External Watchdog Monitor

3.3.3.5 AOI module register write protection

The AOI module's registers can be write protected.

3.3.4

Interrupt Controller (INTC) Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

Interrupt
priority
level

Peripheral
bridge

Register
access

DSC core

Interrupt Controller

TS | Medul |
[—|
] _Mowe |
. .
H H

Figure 3-5. INTC configuration

Table 3-9. Reference links to related information

Topic Related module

Reference

Full description Interrupt Controller

(INTC)

INTC

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management
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3.3.4.1 Reset/Interrupt Vector Table
Table 3-10. Interrupt Vector Table
Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
Core 110 -1 0xDC SWILP N/A N/A SWILP
EWM 109 0-2 OxDA | EWM_INT CTRL[INEN] N/A EWM_Indicate
CcOoP 108 0-2 0xD8 COP_INT INTEN N/A COP_Warning
GPIOA | 107 0-2 0xD6 GPIOA IENR IPEND GPIO
GPIOB | 106 0-2 0xD4 GPIOB IENR IPEND GPIO
GPIOC | 105 0-2 0xD2 GPIOC IENR IPEND GPIO
GPIOD | 104 0-2 0xDO GPIOD IENR IPEND GPIO
GPIOE | 103 0-2 0xCE GPIOE IENR IPEND GPIO
GPIOF | 102 0-2 0xCC GPIOF IENR IPEND GPIO
GPIOG | 101 0-2 0xCA GPIOG IENR IPEND GPIO
QbDC 100 0-2 0xC8 |COMPARE| ENC_C CTRL[CMPIE] CTRL[CMPIRQ] Compare
MP
QDC 99 0-2 0xC6 |HOME_DO| ENC_H CTRL[HIE] CTRL[HIRQ], Home
G OME
ENC_D CTRL[DIE] CTRL[DIRQ] Watchdog
oG
QDC 98 0-2 0xC4 INDEX |ENC_IN CTRL[HIE] CTRL[HIRQ] Index
DEX
ENC_R CTRL2[ROIE] CTRL2[ROIRQ Roll over
O
ENC_R CTRL2[RUIE] CTRL2[RUIRQ] Roll under
U
PDB 0O 97 0-2 o0xC2 PDBO |PDBO_D CTRL[DAIE] CTRL[DAF] Delay A
ELAYA
PDB0_D CTRL[DBIE] CTRL[DBF] Delay B
ELAYB
PDBO0_D CTRL[DCIE] CTRL[DCF] Delay C
ELAYC
PDBO_D CTRL[DDIE] CTRLI[DDF] Delay D
ELAYD
PDB0_O CTRL[COIE] CTRL[COF] Counter Overflow
VFLW

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
PDB 1 96 0-2 0xCO0 PDB1 PDB1_D CTRL[DAIE] CTRL[DAF] Delay A
ELAYA
PDB1_D CTRL[DBIE] CTRL[DBF] Delay B
ELAYB
PDB1_D CTRL[DCIE] CTRL[DCF] Delay C
ELAYC
PDB1_D CTRL[DDIE] CTRL[DDF] Delay D
ELAYD
PDB1_O CTRL[COIE] CTRL[COF] Counter Overflow
VFLW
PITO 95 0-2 OxBE | PITO_ROL CTRL[PRIE] CTRL[PRF] Roll Over
LOVR
PIT 1 94 0-2 0xBC | PIT1_ROL CTRL[PRIE] CTRL[PRF] Roll Over
LOVR
CMP A | 93 0-2 0xBA CMPA | CMPA_ SCRIIER] SCRICFR] Rising Edge
RISE
CMPA_ SCRIIEF] SCRI[CFF] Falling Edge
FALL
CMPB | 92 0-2 0xB8 CMPB | CMPB_ SCRI[IER] SCRI[CFR] Rising Edge
RISE
CMPB_ SCRIIEF] SCRICFF] Falling Edge
FALL
CMPC | 91 0-2 0xB6 CMPC | CMPC_ SCRIIER] SCRI[CFR] Rising Edge
RISE
CMPC_ SCRIIEF] SCRICFF] Falling Edge
FALL
CMPD | 90 0-2 0xB4 CMPD | CMPD_ SCRIIER] SCRI[CFR] Rising Edge
RISE
CMPD_ SCRIIEF] SCR[CFF] Falling Edge
FALL
FTFL 89 0-2 0xB2 FTFL_CC FCNFG[CCIE] FSTATI[CCIF] Command
Complete
FTFL 88 0-2 0xB0O FTFL_RD FCNFG[RDCOLIE] | FSTAT[RDCOLER Access Error
CcOoL R]
eFlex 87 0-2 OXAE | eFlexPWM SMOINTEN[CMPIE] SMOSTS[CMPF] Submodule 0
PWM A A_CMPO Compare
eFlex 86 0-2 OXAC | eFlexPWM SMOINTEN[RIE] SMOSTS[RF Submodule 0
PWM A A_RELOA Reload
DO
eFlex 85 0-2 O0xAA | eFlexPWM SM1INTEN[CMPIE] SM1STS[CMPF] Submodule 1
PWM A A_CMP1 Compare
eFlex 84 0-2 0xA8 |eFlexPWM SM1INTEN[RIE] SM1STS[RF Submodule 1
PWM A A_RELOA Reload
D1

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address

eFlex 83 0-2 0xA6 | eFlexPWM SM2INTEN[CMPIE] SM2STS[CMPF] Submodule 2
PWM A A_CMP2 Compare

eFlex 82 0-2 0xA4 | eFlexPWM SM2INTEN[RIE] SM2STS[RF Submodule 2
PWM A A_RELOA Reload

D2

eFlex 81 0-2 0xA2 |eFlexPWM SM3INTEN[CMPIE] SM3STS[CMPF] Submodule 3
PWM A A_CMP3 Compare

eFlex 80 0-2 0xA0 | eFlexPWM SMOINTEN[CFATIE], | SMOSTS[CFAT1], Logic OR of all
PWM A A_CAP SMOINTEN[CFAOIE], | SMOSTS[CFAQ], Submodule 0-3

SMOINTEN[CFB1IE], | SMOSTS[CFB1], Input Captures

SMOINTEN[CFBOIE], | SMOSTS[CFBO],
SMOINTEN[CFX1IE], | SMOSTS[CFX1],
SMOINTEN[CFXOIE], | SMOSTS[CFX0],
SM1INTEN[CFA1IE], | SM1STS[CFA1],
SM1INTEN[CFAOIE], | SM1STS[CFB1],
SM1INTEN[CFB1IE], | SM1STS[CFBO],
SM1INTEN[CFBOIE], | SM1STS[CFAO0],
SM1INTEN[CFX1IE], | SM1STS[CFX1],
SMA1INTEN[CFXOIE], | SM1STS[CFX0],
SM2INTEN[CFA1IE], | SM2STS[CFA1],
SM2INTEN[CFAOIE], | SM2STS[CFAO],
SM2INTEN[CFB1IE], | SM2STS[CFB1],
SM2INTEN[CFBOIE], | SM2STS[CFBO],
SM2INTEN[CFX1IE], | SM2STS[CFX1],
SM2INTEN[CFXOIE], | SM2STS[CFX0],
SM3INTEN[CFA1IE], | SM3STS[CFA1],
SM3INTEN[CFAOIE], | SM3STS[CFAO],
SM3INTEN[CFB1IE], | SM3STS[CFB1],
SM3INTEN[CFBOIE], | SM3STS[CFBO],
SMBINTEN[CFX1IE], | SM3STS[CFX1],
SMBINTEN[CFXOIE] | SM3STS[CFX0]

eFlex 79 0-2 OX9E | eFlexPWM SM3INTEN[RIE] SM3STS[RF] Submodule 3
PWM A A_RELOA Reload
D3
eFlex 78 0-2 0x9C | eFlexPWM SMOINTEN[REIE], SMOSTS[REF], Reload Error
PWM A A_RERR SM1INTEN[REIE], SM1STS[REF],
SM2INTEN[REIE], SM2STS[REF],
SMS3INTEN[REIE] SM3STS[REF]
eFlex 77 0-2 0x9A | eFlexPWM FCTRLIFIE] FSTS[FFLAG] Fault Condition
PWM A A_FAULT
eFlex 76 0-2 0x98 | eFlexPWM SMOINTEN[CMPIE] SMOSTS[CMPF] Submodule 0
PWM B B_CMPO Compare
eFlex 75 0-2 0x96 | eFlexPWM SMOINTEN[CFAT1IE], | SMOSTS[CFAT1], Submodule 0
PWM B B_CAPO SMOINTEN[CFAOIE], | SMOSTS[CFAQ], Input Captures

SMOINTEN[CFB1IE], | SMOSTS[CFB1],
SMOINTEN[CFBOIE], | SMOSTS[CFBO],
SMOINTEN[CFX1IE], | SMOSTS[CFX1],
SMOINTEN[CFXOIE] | SMOSTS[CFX0]

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
eFlex 74 0-2 0x94 | eFlexPWM SMOINTEN[RIE] SMOSTS[RF Submodule 0
PWM B B_RELOA Reload
Do
eFlex 73 0-2 0x92 | eFlexPWM SM1INTEN[CMPIE] SM1STS[CMPF] Submodule 1
PWM B B_CMP1 Compare
eFlex 72 0-2 0x90 | eFlexPWM SM1INTEN[CFA1IE], | SM1STS[CFAT1], Submodule 1
PWM B B_CAP1 SM1INTEN[CFAOIE], | SM1STS[CFAQ], Input Captures
SM1INTEN[CFB1IE], | SM1STS[CFB1],
SM1INTEN[CFBOIE], | SM1STS[CFBO],
SM1INTEN[CFX1IE], | SM1STS[CFX1],
SM1INTEN[CFXOIE] SM1STS[CFXO0]
eFlex 71 0-2 Ox8E | eFlexPWM SM1INTEN[RIE] SM1STS[RF] Submodule 1
PWM B B_RELOA Reload
D1
eFlex 70 0-2 0x8C | eFlexPWM SM2INTEN[CMPIE] SM2STS[CMPF] Submodule 2
PWM B B_CMP2 Compare
eFlex 69 0-2 0x8A | eFlexPWM SM2INTEN[CFATIE], | SM2STS[CFAT1], Submodule 2
PWM B B_CAP2 SM2INTEN[CFAOIE], | SM2STS[CFAQ], Input Captures
SM2INTEN[CFB1IE], | SM2STS[CFB1],
SM2INTEN[CFBOIE], | SM2STS[CFBO],
SM2INTEN[CFX1IE], | SM2STS[CFX1],
SM2INTEN[CFXOIE] SM2STS[CFXO0]
eFlex 68 0-2 0x88 | eFlexPWM SM2INTEN[RIE] SM2STS[RF Submodule 2
PWM B B_RELOA Reload
D2
eFlex 67 0-2 0x86 | eFlexPWM SM3INTEN[CMPIE] SM3STS[CMPF] Submodule 3
PWM B B_CMP3 Compare
eFlex 66 0-2 0x84 | eFlexPWM SMBINTEN[CFA1IE], | SM3STS[CFAT1], Submodule 3
PWM B B_CAP3 SMBINTEN[CFAOIE], | SM3STS[CFAQ], Input Captures
SMSBINTEN[CFB1IE], | SM3STS[CFB1],
SM3INTEN[CFBOIE], | SM3STS[CFBO],
SMBINTEN[CFX1IE], | SM3STS[CFX1],
SMBINTEN[CFXOIE] SM3STS[CFXO0]
eFlex 65 0-2 0x82 | eFlexPWM SMSBINTEN[RIE] SM3STS[RF] Submodule 3
PWM B B_RELOA Reload
D3
eFlex 64 0-2 0x80 |eFlexPWM SMOINTEN[REIE], SMOSTS[REF], Reload Error
PWM B B_RERR SM1INTEN[REIE], SM1STS[REF],
SM2INTEN[REIE], SM2STS[REF],
SM3INTEN[REIE] SM3STS[REF]
eFlex 63 0-2 OX7E | eFlexPWM FCTRLIFIE] FSTS[FFLAG] Fault Condition
PWM B B_FAULT

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
lIco 62 0-2 0x7C 1ICO CRA1[IICIE] SRIIICIF] Complete 1-byte
transfer (TCF),
Match of received
calling address
(IAAS),
Arbitration Lost
(ARBL), SMBus
Timeout (SLTF)
Interrupts
lIC 1 61 0-2 0x7A lIC1 CRA1[IICIE] SRIIICIF] Complete 1-byte
transfer (TCF),
Match of received
calling address
(IAAS),
Arbitration Lost
(ARBL), SMBus
Timeout (SLTF)
Interrupts
QSPIO | 60 0-2 0x78 |QSPI0O_RC SCTRL[SPRIE] SCTRL[SPRF, Receiver Full
\Y MODF, OVRF]
59 0-2 0x76 | QSPIO_XM SPSCR[SPTIE] SPSCR[SPTE] Transmitter
IT Empty
QSPI 1 58 0-2 0x74 |QSPI1_RC SCTRL[SPRIE] SCTRL[SPRF, Receiver Full
\Y MODF, OVRF]
57 0-2 0x72 |QSPIH_XM SPSCR[SPTIE] SPSCRI[SPTE] Transmitter
IT Empty
QSPI2 | 56 0-2 0x70 |QSPI2_RC SCTRL[SPRIE] SCTRL[SPRF, Receiver Full
\Y MODF, OVRF]
55 0-2 Ox6E |QSPI2_XM SPSCR[SPTIE] SPSCR[SPTE] Transmitter
IT Empty
QSCI0o | 54 0-2 0x6C |QSCIO_TD CTRLI[TEIE] STAT[TDRE] Transmit Data
RE Register Empty
53 0-2 0x6A QSCIO0_TI CTRLA[TIIE] STATI[TIDLE] Transmitter Idle
DLE
52 0-2 0x68 |QSCIO_RC CTRL1[RFIE] STAT[RDRF, OR, Receive Data
\Y RIEF] Register Full /
Overrun / Active
Edge
51 0-2 0x66 |QSCIO_RE CTRL1[REIE] STAT[OR, NF, FE, | Receiver Error
RR PF, LSE]
Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
QSCl1 | 50 0-2 0x64 |QSCI1_TD CTRLA1[TEIE] STAT[TDRE] Transmit Data
RE Register Empty
49 0-2 0x62 QSCI_TI CTRLA[TIIE] STAT[TIDLE] Transmitter Idle
DLE
48 0-2 0x60 |QSCI1_RC CTRL1[RFIE] STAT[RDRF, OR, Receive Data
\Y RIEF] Register Full /
Overrun / Active
Edge
47 0-2 Ox5E | QSCI1_RE CTRL1[REIE] STAT[OR, NF, FE, | Receiver Error
RR PF, LSE]
QSCl2 | 46 0-2 0x5C |QSCI2_TD CTRLA1[TEIE] STAT[TDRE] Transmit Data
RE Register Empty
45 0-2 O0x5A QSCI2_TI CTRLA[TIIE] STAT[TIDLE] Transmitter Idle
DLE
44 0-2 0x58 |QSCI2_RC CTRL1[RFIE] STAT[RDRF, OR, Receive Data
\Y RIEF] Register Full /
Overrun / Active
Edge
43 0-2 0x56 | QSCI2_RE CTRL1[REIE] STAT[OR, NF, FE, | Receiver Error
RR PF, LSE]
Flex 42 0-2 0x54 WAKEUP MCR[WAK_MSK] ESR1[WAK_INT] Wakeup
CAN
Flex 41 0-2 0x52 | RX_WARN CTRL1[RWRN_MSK] | ESR1[RWRN_INT] | Receive Warning
CAN
Flex 40 0-2 0x50 | TX_WARN CTRL1[TWRN_MSK] | ESR1[TWRN_INT] | Transmit Warning
CAN
Flex 39 0-2 Ox4E ERROR CTRL1[ERR_MSK] ESR1[ERR_INT] Error
CAN
Flex 38 0-2 0x4C | BUS_OFF CTRL1[BOFF_MSK] | ESR1[BOFF_INT] Bus Off
CAN
Flex 37 0-2 0x4A |MB_OR (or IFLAG1[BUFnN] IFLAG1[BUFnN] Message Buffer
CAN all MB bits)
DMAO | 36 0-2 0x48 DMAO DCRIEINT] DS[DONE] DMA 0 Service
Req
DMA 1 35 0-2 0x46 DMA1 DCRIEINT] DS[DONE] DMA 1 Service
Req
DMA2 | 34 0-2 0x44 DMA2 DCRIEINT] DS[DONE] DMA 2 Service
Req
DMA3 | 33 0-2 0x42 DMAS3 DCRIEINT] DS[DONE] DMA 3 Service
Req
ADC, 32 0-2 0x40 COCO ADCSC1n[AIENN] SC1n[COCON] ADC Conversion
SAR Complete

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description

# Level Base

Address
ADC, 31 0-2 0x3E | ADC_ERR CTRL1[ZCIE, LLMTIE,| STAT[ZCI, LLMT, ADC zero
Cyclic HLMTIE] HLMT] crossing, low
limit, and high
limit
30 0-2 0x3C | ADC_CCo CTRL1[EOSIEO] STAT[EOSIO] ADC Conversion

Complete, any
scan type except
Converter B in
nonsimultaneous
parallel scan
mode

29 0-2 0x3A ADC_CC1 CTRL2[EOSIE1] STAT[EOSIT1] ADC Conversion
Complete,
Converter B in
nonsimultaneous

parallel scan
mode
TIMER | 28 0-2 0x38 TMRA_O | TMRAO SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
AO TCF
TMRAO SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRAOI SCTRLJ[IEFIE] SCTRL[IEF] Input Edge Flag
EF
TMRAO | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCFA Flag 1
TMRAO | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
TIMER | 27 0-2 0x36 TMRA_1 | TMRA1 SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
A1l TCF
TMRA1 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRAA1I SCTRLJ[IEFIE] SCTRL[IEF] Input Edge Flag
EF
TMRA1 | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCFA Flag 1
TMRA1 | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
TIMER | 26 0-2 0x34 TMRA_2 | TMRA2 SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
A2 TCF
TMRA2 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRA2| SCTRL[IEFIE] SCTRLIIEF] Input Edge Flag
EF
TMRA2 | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRA2 | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
TIMER | 25 0-2 0x32 TMRA_3 | TMRAS SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
A3 TCF
TMRAS3 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRASI SCTRL[IEFIE] SCTRL[IEF] Input Edge Flag
EF
TMRA3 | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRA3 | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
TIMER | 24 0-2 0x30 TMRB_0 | TMRBO SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
BO TCF
TMRBO SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRBOI SCTRL[IEFIE] SCTRL[IEF] Input Edge Flag
EF
TMRBO | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRBO | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
TIMER | 23 0-2 0x2E TMRB_1 | TMRB1 SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
B1 TCF
TMRB1 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRB1I SCTRL[IEFIE] SCTRL[IEF] Input Edge Flag
EF
TMRB1 CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRB1 CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2

Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
TIMER | 22 0-2 0x2C TMRB_2 | TMRB2 SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
B2 TCF
TMRB2 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRB2I SCTRL[IEFIE] SCTRLIIEF] Input Edge Flag
EF
TMRB2 | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRB2 | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
TIMER | 21 0-2 0x2A TMRB_3 | TMRB3 SCTRL[TCFIE] SCTRL[TCFIE] Timer Compare
B3 TCF
TMRB3 SCTRL[TOFIE] SCTRL[TOF] Timer Overflow
TOF
TMRBS3I SCTRLJ[IEFIE] SCTRLJIEF] Input Edge Flag
EF
TMRB3 | CSCTRL[TCF1EN] CSCTRL[TCF1] Timer Compare
TCF1 Flag 1
TMRB3 | CSCTRL[TCF2EN] CSCTRL[TCF2] Timer Compare
TCF2 Flag 2
OCCS 20 1-3 0x28 OCCS | OCCSL CTRL[PLLIE1] STAT[LCK1] PLL Loss of Lock
oL 1
OCCSL CTRL[PLLIEOQ] STAT[LCKO] PLL Loss of Lock
oLIio 0
OCCSsL CTRL[LOCIE] STAT[LOCI] PLL Loss of
OClI Reference Clock
Pwr 19 1-3 0x26 LV CTRL[IOLVIE, CLVIE] | STAT[IOLVS,CLVS]| Low Voltage
Supv Interrupt
XBARA | 18 1-3 0x24 XBARA CTRLO[IENO]I CTRLO[STSO0]I Crossbar
CTRLO[IEN1]I CTRLO[STS1]I Interrupt
CTRLA1[IENO]I CTRL1[STSO0]I
CTRLA1[IEN1] CTRL1[STS1]
Core 17 0 0x22 SWI0 N/A N/A SW Interrupt 0
Core 16 1 0x20 SWi1 N/A N/A SW Interrupt 1
Core 15 2 Ox1E SWi2 N/A N/A SW Interrupt 2
Rsrvd 14 1-3 ox1C
Rsrvd 13 1-3 Ox1A
Rsrvd 12 1-3 0x18
Core 11 1-3 0x16 BUS_ERR MCM_CFIER[ECFEI] Core Bus Error
Interrupt
Core 10 1-3 Ox14 RX_REG IPRO[RX_REG] Core EONCE Receive
Register Full
Core 9 1-3 0x12 TX_REG IPRO[TX_REG] Core EONCE Transmit
Register Empty
Table continues on the next page...
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Table 3-10. Interrupt Vector Table (continued)

Module | Vect. | Priority| Vector | Interrupt | Details Local Enable Local Source Description
# Level Base
Address
Core 8 1-3 0x10 TRBUF IPRO[TRBUF] Core EONCE Trace
Buffer Interrupt
Core 7 1-3 Ox0E BKPT IPRO[BKPT_U] Core EONCE
Breakpoint Unit
Core 6 1-3 0x0C STPCNT IPRO[STPCNT] Core EONCE Step
Counter Interrupt
Core 5 3 O0xOA | MISALIGN N/A Core Misaligned Data
ED Access
Core 4 3 0x08 OVERFLO N/A Core Hardware Stack
w Overflow
Core 3 3 0x06 SWI3 N/A Core SW Interrupt 3
Core 2 3 0x04 ILLEGAL- N/A Core lllegal Instruction
OP
Core 1 0x02 COP_RES Reserved for
ET COP Reset
Overlay
Core 0 0x00 |HW_RESE Reserved for
T Reset Overlay

3.3.5 DMA Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bridge

Register
access

] s |

Transfers

é

DMA Controller

Crossbar switch

é

Figure 3-6. DMA Controller configuration

Table 3-11. Reference links to related information

Topic Related module Reference
Full description DMA controller DMA controller
System memory map System memory map

Table continues on the next page...
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Table 3-11. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Power management Power management
Requests DMA channel assignments

3.3.5.1 DMA channel assignments

The following table identifies the DMA channel assignments.
Table 3-12. DMA Channel Assignment

Chan. Channel 0 Channel 1 Channel 2 Channel 3
Input Signal Description Signal Description Signal Description Signal Description
0 SCIO_TE |SCI0 SCHH_TE |SCH1 SCI2_TE |SCI2 SCIO_TE |SCI0
Transmitter Transmitter Transmitter Transmitter
Empty Empty Empty Empty
1 SCI1_RF |SCI1 Receiver |SCIO_RF |SCIO Receiver |SCIO_RF |SCIO Receiver |SCI2_RF |SCI2 Receiver
Full Full Full Full
2 SPIO_RF | SPIO Receiver |SPIO_TE |SPIO SPIO_RF |SPIO Receiver |SPIO_TE |SPIO
Full Transmitter Full Transmitter
Empty Empty
3 SPIH_TE |SPH SPI1_RF |SPI1 Receiver |SPI2_TE |SPI2 SPI2_RF |SPI2 Receiver
Transmitter Full Transmitter Full
Empty Empty
4 [ICO_ipd_R |IICO DMA Req |[lIC1_ipd_R [IIC1 DMA Req |1ICO_ipd_R |1ICO DMA Req |lIC1_ipd_R|1IC1 DMA Req
eq eq €q eq
5 TMRAO_C |TMRAO TMRA1_C |TMRAT1 TMRA2_C |TMRA2 TMRA3_C |TMRAS3
P Capture P Capture P Capture P Capture
6 TMRAO_C |TMRAO TMRAO_C |TMRAO TMRA2_C |TMRA2 TMRA2_C |TMRA2
MPLD1| |Comparel or [MPLD2| |Compare2or |(MPLD1| |Comparelor |MPLD2| |Compare2 or
TMRA1_C |TMRA1 TMRA1_C |TMRA1 TMRA3_C |TMRAS3 TMRA3_C |TMRAS3
MPLD2 Compare2 MPLD1 Compare1 MPLD2 Compare2 MPLD1 Compare1
7 TMRBO_C |TMRBO TMRB1_C |TMRB1 TMRB2_C |TMRB2 TMRB3_C |TMRB3
P Capture P Capture P Capture P Capture
8 TMRBO_C |TMRBO TMRBO_C |TMRBO TMRB2_C |TMRB2 TMRB2_C |TMRB2
MPLD11| |Comparel or |[MPLD2| [Compare2or [MPLD1| |Comparelor |MPLD2| |Compare2 or
TMRB1_C |TMRB1 TMRB1_C |TMRB1 TMRB3_C |TMRB3 TMRB3_C |TMRB3
MPLD2 Compare2 MPLD1 Compare1 MPLD2 Compare2 MPLD1 Compare1
9 PWMAS3_C [Submodule 3 |PWMA2_C |Submodule 2 |PWMA1_C |Submodule 1 |PWMAOQ_C |Submodule 0
P Capture DMA |P Capture DMA |P Capture DMA |P Capture DMA
Req Req Req Req
10 PWMBO_C |Submodule 0 |PWMB1_C |Submodule 1 |PWMB2_C |Submodule 2 |PWMB3_C |Submodule 3
P Capture DMA |P Capture DMA |P Capture DMA |P Capture DMA
Req Req Req Req

Table continues on the next page...
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Table 3-12. DMA Channel Assignment (continued)

Chan. Channel 0 Channel 1 Channel 2 Channel 3
Input Signal Description Signal Description Signal Description Signal Description
11 PWMBO_ |SubModuleO |DAC_FIFO |12bit DAC PWMAO_ |SubModuleO |DAC_FIF |[12-bit DAC
WR | Value write (8 deep) FIFO Water WR | Value write O(8 deep) |FIFO
PWMB1_ |DMA Req or Mark PWMA1_ |DMA Req or watermark
WR | SubModule1 WR | SubModule1
PWMB2_ |Value write PWMA2_ |Value write
WR | DMA Req or WR | DMA Req or
PWMB3_ |SubModule2 PWMA3_ |SubModule2
WR Value write WR Value write
DMA Req or DMA Req or
SubModule3 SubModule3
Value write Value write
DMA Req DMA Req
12 ADCA_ES |ADCA End of |ADCA_ES [ADCA End of |ADCA_ES |ADCA End of |ADCA_ES |ADCA End of
(Cyclic) Scan (Cyclic) Scan (Cyclic) Scan (Cyclic) Scan
13 ADCB_ES |ADCB End of |ADCB_ES |ADCB End of |ADCB_ES |ADCB End of |ADCB_ES |ADCB End of
(Cyclic) Scan (Cyclic) Scan (Cyclic) Scan (Cyclic) Scan
14 ADCC_EC |ADCC End of |ADCC_EC |ADCC End of |ADCC_EC |ADCC End of |ADCC_EC |ADCC End of
(SAR) Conv. (SAR) Conv. (SAR) Conv. (SAR) Conv.
15 XBAR_DS | XBAR DMA XBAR_DS | XBAR DMA XBAR_DS | XBAR DMA XBAR_DS | XBAR DMA
Co Req 0 C1 Req 1 c2 Req 2 C3 Req 3

3.3.6 Power Management Controller (PMC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Power Management
Controller (PMC)

Figure 3-7. PMC configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Full description PMC PMC
System memory map System memory map

Table continues on the next page...
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Table 3-13. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Power management Power management

3.4 Clock Modules

3.4.1 On-Chip Clock Synthesis (OCCS) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral Bridge

Register
access
Master
clocks SIM
On-Chip Clock
Synthesis (OCCS) COP
Alternate
Module clocks

Figure 3-8. OCCS configuration

Table 3-14. Reference links to related information

Topic Related module Reference
Full description On-Chip Clock OCCS
Synthesis (OCCS)
System memory map System memory map
Clocking Clock Distribution
Power management Power management

MC56F844xx Reference Manual, Rev. 1, 06/2012

88 Preliminary Freescale Semiconductor, Inc.
General Business Information




Chapter 3 Chip Configuration

3.5 Memories and Memory Interfaces

3.5.1 Flash Memory Controller (FMC) Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bridge

Register access

)

Transfers

Transfers Flash memory
controller

Flash memory

Crossbar switch
AXBS_Lite

(

Figure 3-9. Flash memory controller configuration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map
Clocking Clock Distribution
Transfers Flash memory Flash memory
Transfers Crossbar switch Crossbar switch (AXBS_Lite)

3.5.2 Flash Memory Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus
controller

Register
access

Transfers
Flash memory

Flash memory
controller

Figure 3-10. Flash memory configuration

Table 3-16. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory module (FTFL)
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.5.2.1 Flash memory types and terminology
This device contains the following types of flash memory:

e Program flash memory — non-volatile flash memory that can execute program code

or store data
* FlexMemory — encompasses the following memory types:
* FlexXNVM — Non-volatile flash memory that can execute program code, store

data, or back up EEPROM data
* FlexRAM — RAM memory that can be used as traditional RAM or as high-
endurance EEPROM storage in conjunction with FlexNVM, and also accelerates

flash memory programming

The following table explains how these types of flash memory align with terminology
used in other descriptions of the flash memory.

Table 3-17. Flash memory terminology

Flash memory type Memory Map Flash Memory Module (FTFL)
Program flash memory Primary program/data flash memory Program flash memory
FlexNVM Secondary program/data flash memory Data flash memory (as well as FlexNVM)
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3.5.2.2 FTFL_FOPT Register

The flash memory's FTFL_FOPT register allows the user to customize the operation of
the MCU at boot time. See FOPT boot options for details of its definition.

3.6 Security and Integrity

3.6.1 Computer Operating Properly (COP) Module Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Computer Operating Module signals
Properly (COP)
module

SIM

Figure 3-11. COP configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description Computer Operating COP
Properly (COP) module
System memory map System memory map
Clocking Clock Distribution
Power management Power management
System Integration SIM's RSTAT register SIM
Module (SIM)
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3.6.1.1 COP low power clocks

The COP_CTRL[CLKSEL] bitfield selects among the options for the clock source of the
COP module's counter. For each value of the bitfield, the following table correlates

between the module-level and chip-level names of the clock options.

Table 3-19. COP counter clock selection

COP_CTRL[CLKSEL] value

COP clock name

Chip clock

00b ROSC ROSC_8M (8 MHz ROSC)
01b COSC XTAL_OSC (XOSC clock)
10b Bus clock Bus clock’

11b

Low speed oscillator

ROSC_32K (32 kHz ROSC)

1. Do not select the bus clock to clock the counter if the application requires the COP to wake the device from stop mode.

3.6.2 External Watchdog Monitor (EWM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

External Watchdog
Monitor (EWM)

Signal multiplexing

Figure 3-12. External Watchdog Monitor configuration

Table 3-20. Reference links to related information

Reference
EWM

Topic Related module

Full description External Watchdog

Monitor (EWM)

System memory map System memory map
Clock Distribution

Power management

Clocking

Power management

Signal multiplexing SIM's GPS registers Signal multiplexing
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3.6.2.1 EWM low power clocks

The EWM_CLKCTRL[CLKSEL] bitfield selects among the options for the EWM's low
power clock source. For each value of the bitfield, the following table correlates between
the module-level and chip-level names of the clock options.

Table 3-21. EWM counter clock selection

EWM_CLKCTRL[CLKSEL] value EWM clock name Chip clock
00b Ipo_clk[0] ROSC_8M (8 MHz ROSC)
01b Ipo_clk[1] XTAL_OSC (XOSC clock)
10b Ipo_clk[2] Bus clock
11b Ipo_clk[3] ROSC_32K (32 kHz ROSC)

3.6.2.2 EWM_OUT pin state in Low Power Modes

During Wait and Stop modes, the EWM_OUT pin enters a high-impedance state. A user
has the option to control the logic state of the pin using an external pull device or by
configuring the internal pull device. When the CPU enters a Run mode from Wait or Stop
recovery, the pin resumes the state it had prior to the entry to Wait or Stop mode.

3.6.3 Cyclic Redundancy Check (CRC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

CRC

Figure 3-13. CRC configuration

Table 3-22. Reference links to related information

Topic Related module Reference
Full description CRC CRC

Table continues on the next page...
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Table 3-22. Reference links to related information (continued)

Topic Related module Reference

System memory map System memory map

Power management Power management

3.7 Analog

3.7.1 SAR Analog-to-Digital Converter (ADC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Transfers Module signals

16-bit SAR ADC

Other peripherals

Signal multiplexing

Figure 3-14. SAR ADC configuration

Table 3-23. Reference links to related information

Topic Related module Reference

Full description

SAR ADC

16-bit SAR ADC

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal multiplexing

SIM's GPS registers

Signal multiplexing

3.7.1.1 SAR ADC Instantiation

The SAR ADC module's mnemonic is ADCI16. Its signals are labeled with a C, as in
ANC, ADCC, VREFLC, and VREFHC.
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3.7.1.2 SAR ADC Channel Assignments
Table 3-24. SAR ADC Channel Assignments

Channel Number Source
ADO Reserved
AD1 Reserved
AD2 Reserved
ADS3 Reserved
AD4 Reserved
AD5 Reserved
ADG6 Reserved
AD7 Reserved
AD8 GPIOA[4]
AD9 GPIOA[5]
AD10 GPIOA[6]
AD11 GPIOA[7]
AD12 GPIOB[4]
AD13 GPIOBI5]
AD14 GPIOBJ[6]
AD15 GPIOBJ[7]
AD16 GPIOA[8]
AD17 GPIOA[9]
AD18 GPIOA[10]
AD19 GPIOA[11]
AD20 GPIOBI[8]
AD21 GPIOBJ[9]
AD22 GPIOBJ[10]
AD23 GPIOBJ[11]
AD24 Reserved
AD25 Reserved
AD26 Temperature Sensor
AD27 Buffered bandgap reference output
AD28 Reserved
AD29 VREFSH
AD30 VREFSL

3.7.1.3 SAR ADC clock in stop modes

For the SAR ADC to operate in any of this device's stop modes, it must use its own

internal ASYNC clock, ADACK.

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc.

Preliminary
General Business Information

95



Analog

3.7.1.4 SAR ADC alternate clock

For this device, the SAR ADC's alternate clock is the 8 MHz ROSC divided by two.

3.7.1.5 SAR ADC Reference Options

Select the reference using the SAR ADC's SC2[REFSEL] field.
Table 3-25. SAR ADC Reference Options

SC2[REFSEL] value Reference Description Note
00b VREFH and VREFL Primary reference option
01b VREFHC and VREFLC External VT reference option | Available only on 100-pin and
80-pin packages
10b VREFBG Internal V1 reference option |Buffered output of PMC's 1.2
V bandgap reference
11b Reserved

3.7.1.6 SAR ADC Hardware Conversion Trigger Source

The source of the SAR ADC’s selectable asynchronous hardware conversion trigger,
ADHWT, is XBARA’s XBAR_OUT14. See XBARA Outputs.

3.7.2 Cyclic Analog-to-Digital Converter (ADC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-15. Cyclic ADC configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description 12-bit Cyclic ADC Cyclic ADC
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.7.2.1 Cyclic ADC Instantiation

The cyclic ADC module's mnemonic is ADC12. It is a dual ADC. The signals of its first
ADC are labeled A, as in ANA, ADCA, VREFLA, and VREFHA. The signals of its
second ADC are labeled B, as in ANB, ADCB, VREFLB, and VREFHB.

3.7.2.2 Cyclic ADC SYNC Signal Connections

The XBARA module's outputs XBAR_OUT12 and XBAR_OUT13 are connected to
ADCA's SYNC input and ADCB's SYNC input, respectively. Through these XBARA
connections, each ADC can be synchronized to another module, such as a PWM.

3.7.2.3 Cyclic ADC and PWM Connections

Within the chip, the cyclic ADC has internal connections for PWM control.

Table 3-27. Cyclic ADC and PWM Connections

Cyclic ADC Outputs PWM Inputs
an0_pwm PWMAOQ_EXTB

Table continues on the next page...
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Table 3-27. Cyclic ADC and PWM Connections

(continued)

Cyclic ADC Outputs PWM Inputs
ani_pwm PWMA1_EXTB
an2_pwm PWMA2_EXTB
an3_pwm PWMA3_EXTB

3.7.3 Comparator (CMP) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-16. CMP Configuration

Table 3-28. Reference links to related information

Topic Related module Reference
Full description Comparator (CMP) Comparator
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing
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3.7.3.1 Comparator Channel Assignments
Table 3-29. Comparator Channel Assignments

Module Comparator/Mux Channel Source
CMPA Channel 7 6-bit DAC (CMPA)
Channel 6 N/C
Channel 5 GPIOC6
Channel 4 12-bit DAC
Channel 3 GPIOAO
Channel 2 GPIOA3
Channel 1 GPIOA2
Channel 0 GPIOA1
CMPB Channel 7 6-bit DAC (CMPB)
Channel 6 N/C
Channel 5 GPIOC6
Channel 4 12-bit DAC
Channel 3 GPIOBO
Channel 2 GPIOB7
Channel 1 GPIOB6
Channel 0 GPIOB1
CMPC Channel 7 6-bit DAC (CMPC)
Channel 6 N/C
Channel 5 GPIOC6
Channel 4 12-bit DAC
Channel 3 GPIOB2
Channel 2 GPIOB5
Channel 1 GPIOB4
Channel 0 GPIOB3
CMPD Channel 7 6-bit DAC (CMPD)
Channel 6 N/C
Channel 5 GPIOC6
Channel 4 12-bit DAC
Channel 3 GPIOA10
Channel 2 GPIOA9
Channel 1 GPIOA8
Channel0 GPIOA4

3.7.3.2 Comparator Voltage References

The 6-bit DAC sub-block supports the selection of two references. For this device, both
the Vinl input and the Vin2 input are connected to a separate Vpp, at the package level.
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3.7.4 12-bit Digital-to-Analog Converter (DAC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-17. 12-bit DAC Configuration

Table 3-30. Reference links to related information

Topic Related module Reference
Full description 12-bit DAC 12-bit DAC
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.8 Timers and PWM

3.8.1 PWM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-18. PWM Configuration

Table 3-31. Reference links to related information

Topic Related module Reference
Full description PWM PWM
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.8.1.1 PWM auxiliary signals and analog inputs
Cyclic ADC (ADC12) conversion high/low limits can be fed to the PWM auxiliary
signals when they are used as inputs. In this configuration:
* When an ADC conversion is higher than a pre-programmed high limit, the signal
going to the PWM auxiliary input is low.
* When an ADC conversion is lower than a pre-programmed low limit, the signal
going to the PWM auxiliary input is high.

3.8.2 PDB Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-19. PDB Configuration

Table 3-32. Reference links to related information

Topic

Related module

Reference

Full description

PDB

PDB

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal multiplexing

SIM's GPS registers

Signal multiplexing

3.8.2.1 PDB Trigger Connections
Table 3-33. PDB Trigger Connections
Signal Direction Description Connection
PDBO_IN_TRIG[6:0] Input Trigger input Trigger[0] from XBARA
(remainder are reserved)
PDB1_IN_TRIG[6:0] Input Trigger input Trigger[0] from XBARA
(remainder are reserved)
PDBO_pretrig_a_out Output Pretrigger output Reserved
PDBO_pretrig_b_out
PDBO_pretrig_c_out
PDBO_pretrig_d_out
PDB1_pretrig_a_out Output Pretrigger output Reserved
PDB1_pretrig_b_out
PDB1_pretrig_c_out
PDB1_pretrig_d_out
PDBO_OUT_A Output Trigger output To XBARA (all)
PDB0O_OUT_B To XBARB (PDB0_OUT_B |
PDB0O_OUT_C PDB0_OUT_D)
PDB0_OUT_D

Table continues on the next page...
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Table 3-33. PDB Trigger Connections (continued)

Signal Direction Description Connection
PDB1_OUT_A Output Trigger output To XBARA (all)
PDB1_OUT_B To XBARB (PDB1_OUT Bl |
PDB1_OUT G PDB1_OUT_D)
PDB1_OUT_D

3.8.3 PIT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-20. PIT configuration

Table 3-34. Reference links to related information

Topic

Related module

Reference

Full description

PIT

PIT

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal multiplexing

SIM's GPS registers

Signal multiplexing
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3.8.3.1 PIT low power clocks

Each PIT module's CTRL[CLKSEL] bitfield selects among the options for that PIT's
counter clock source. For each value of the bitfield, the following table correlates
between the module-level and chip-level names of the clock options.

Table 3-35. PIT counter clock selection

PITx_CTRL[CLKSEL] value PIT clock name Chip clock
00b IPBus clock BUS_CLK
01b Alternate clock 1 XTAL_OSC (XOSC clock)
10b Alternate clock 2 ROSC_8M (8 MHz ROSC)
11b Alternate clock 3 ROSC_32K (32 kHz ROSC)

3.8.3.2 PIT master/slave selection

Either PITO or PIT1 can be the master of the other PIT module instance. Use the SIM's
MISCO[PIT_MSTR] bit to select between the two master/slave configurations. The
master PIT module instance generates the count_enable signal to synchronize both
instances of the PIT.

3.8.4 TMR Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-21. TMR Configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description TMR TMR

Table continues on the next page...
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Table 3-36. Reference links to related information (continued)

Topic Related module Reference

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal multiplexing

SIM's GPS registers

Signal multiplexing

3.8.5 ENC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-22. ENC Configuration

Table 3-37. Reference links to related information

Topic Related module Reference

Full description ENC ENC

System memory map System memory map

Clock Distribution

Clocking

Power management Power management

Signal multiplexing SIM's GPS registers

Signal multiplexing

3.9 Communication interfaces

3.9.1 CAN Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-23. CAN configuration

Table 3-38. Reference links to related information

Topic Related module Reference
Full description CAN CAN
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.9.1.1 FlexCANS3 glitch filter

This chip supports wakeup from the FlexCAN3 module's Stop and Doze mode through a
CAN wakeup interrupt. Any recessive to dominant transition on the CAN bus
(CAN_RX) can wake the chip from Stop or Doze mode. An optional glitch filter is
connected on CAN_RX to the interrupt generation logic path.

The glitch filter provides the following functionality:

* Filtering out of unwanted noise on the CAN bus

* Selection of the wakeup source, either from the filtered or unfiltered CAN bus

* Routing of the wakeup source to either the synchronous (Doze) or asynchronous
(Stop) wakeup path within the FlexCAN module

The reference clock for the glitch filter is a 4 MHz clock derived from the on-chip 8 MHz
ROSC. The 8 MHz ROSC must remain on if the user wants a low power wakeup through
the glitch filter. The glitch filter counts 11 cycles of the 4 MHz clock before recognizing
it as a valid recessive to dominant transition.
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3.9.1.2 FlexCANS3 Supervisor Mode
The module's MCR[SUPV] field configures the FlexCAN to be in either Supervisor or
User Mode. On this device:

* MCR[SUPV] is always 1: the FlexCAN is in Supervisor Mode.

e Writes to MCR[SUPV] have no effect.

The device's memory resource protection (MRP) functionality also uses the terms
supervisor and user to refer to an entirely different partitioning of memory regions. In
MRP terminology, the FlexCAN's memory space can be defined as a supervisor region to
protect it from unauthorized user code.

3.9.2 Serial Peripheral Interface (SPI) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-24. SPI configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.9.3 Inter-Integrated Circuit (12C) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-25. 12C configuration

Table 3-40. Reference links to related information

Topic

Related module

Reference

Full description

12C

12C

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal multiplexing

SIM's GPS registers

Signal multiplexing

3.9.4 SCI Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-26. SCI Configuration

Table 3-41. Reference links to related information
Topic Related module Reference
Full description SCI SCI

System memory map

System memory map

Clocking

Clock Distribution

Table continues on the next page...
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Table 3-41. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.10 Human-machine interfaces (HMI)

3.10.1 GPIO Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-27. GPIO configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description GPIO Parallel Input/Output Control
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing SIM's GPS registers Signal multiplexing

3.10.1.1 GPIO Port D[4:0] configuration

By default, pins 0-4 of GPIO port D are configured differently from other GPIO port
pins. These five pins have specific purposes:

* The GPIOD4 pin acts as the RESETB input by default.
* The GPIOD3 pin acts as the TMS input by default.
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* The GPIOD?2 pin acts as the TCK input by default.

* The GPIODI1 pin acts as the TDO output by default.

* The GPIODO pin acts as the TDI input by default.

The following table shows these pins' default configuration at reset. The shaded rows
show the values that differ from the reset value of other GPIO port pins.

Table 3-43. GPIOD[4:0] default configuration: register bitfield settings at reset

GPIO Pin PER[PE] DRIVE[DRIVE] SRE[SRE] PUR[PU] PUS[PUS]

D4
D3
D2
D1
DO

a| a | a -
o|=+|O|=|O
alolalo| -
Al o] 2| a|
alalo| 2l -

To summarize the default settings for these pins:

* GPIOD[4:0] are configured for peripheral mode.

* GPIOD3 and GPIODI1 are configured for the highest drive strength to enable faster
JTAG transactions through the TDO and TMS pins.

* GPIOD[4:2] and GPIOO each has an internal pulldown resistor enabled.

3.10.1.2 GPIO unbonded pads

Unbonded pads, which are not bonded out to a pin in a particular package, have an
automatically disabled pull circuit and input buffer.
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4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one contiguous memory space.

4.2 Program/Data Memory Maps

The DSC core processor is word addressed, where a word is 16 bits. Separate memory
maps are supported for program space accessed by the Program Data Bus (PDB) and for
data space accessed by the primary and secondary data bus (XDB1, XDB2).

NOTE
Both Table 4-1 and Table 4-2 include:
* Primary program/data flash memory
» Secondary (boot) program/data flash memory
* Program/data RAM

Each of these memories consists of a single physical flash
memory that is mirrored across the program and data memory
maps.

Table 4-1. Program memory map (used by core PDB)

Range (V\Isc:::s) Use

0x00 0000 - 0x01 ffff 128 KW | Primary program/data flash memory

0x02 0000 - 0x05 ffff 256 KW |Reserved

0x06 0000 - 0x06 3fff 16 KW |Program/data RAM

0x06 4000 - 0x04 7fff 16 KW |Reserved

0x06 8000 - 0x06 bfff 16 KW |Secondary (boot) program/data flash memory
0x06 c000 - 0x06 ffff 16 KW |Reserved

Table continues on the next page...
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Table 4-1. Program memory map (used by core PDB) (continued)

Size
Range (Words) Use
0x07 0000 - 0x07 ffff 64 KW |Reserved
0x08 0000 - Ox1f ffff 1.5 MW |Reserved

Table 4-2. Data memory map (used by core XDB1, XDB2)

Range (Wsc;:::s) Use

0x00 0000 - 0x00 3fff 16 KW |Program/data RAM

0x00 4000 - 0x00 7fff 16 KW |Reserved

0x00 8000 - 0x00 bfff 16 KW |Secondary (boot) program/data flash
0x00 c000 - 0x00 dfff 8 KW |Core and system peripherals
0x00 e000 - 0x00 ffff 8 KW Slave peripherals

0x01 0000 - 0x01 dfff 56 KW |Reserved

0x01 e000 - 0x01 ffff 8 KW' |FlexRAM

0x02 0000 - 0x083 ffff 128 KW | Primary program/data flash
0x04 0000 - 0x07 ffff 256 KW |Reserved

0x08 0000 - Oxff feff 15.5 MW |Reserved

Oxff ff00 - Oxff ffff 128 W  |EONCE registers

1. This device has 1 KW of FlexRAM available when none is configured for use as EEPROM. The upper 7 KW of this space
is reserved.

An error results from any attempted access to memory spaces not supported.

The FlexRAM is implemented using the second half of the 32 KB secondary flash
memory. An error results from:
» Accessing the second half of secondary flash memory when FlexRAM is enabled as
enhanced EEPROM
» Accessing the FlexRAM space beyond its currently configured size

When the FlexRAM is not used as enhanced EEPROM, the FlexRAM space can be
accessed as traditional RAM.

4.3 Core and System Peripheral Memory Map

The core and system peripheral memory map is the portion of the data space memory
map assigned to core and system peripherals.
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Table 4-3. Memory map for core and system peripherals

Base Address (in

Peripheral Instance Name Words) Size (in Words)
Core Configuration MCM 0x00 c000 512w
Reserved 0x00 c200 512w
Reserved 0x00 c400 512w
Reserved 0x00 c600 512w
DMA 0x00 c800 512w
Reserved 0x00 ca00 512w
Reserved 0x00 cc00 512w
Reserved 0x00 ce00 512w
Reserved 0x00 d000 512w
Reserved 0x00 d200 512w
Reserved 0x00 d400 512w
Reserved 0x00 d600 512w
Reserved 0x00 d800 512w
Reserved 0x00 da00 512w
Reserved 0x00 dc00 512w
Memory Controllers 0x00 de00 512w

4.4 Slave Peripheral Memory Map

The slave peripheral memory map is the portion of the data space memory map assigned

to slave peripherals.

Table 4-4. Memory map for slave peripherals

Base Address (in

Peripheral Instance Name Words) Size (in Words)
12-bit DAC DAC 0x00 e000 16
Reserved 0x00 e010 16
Comparator (with 6-bit reference DAC) CMPA 0x00 e020 8
Comparator (with 6-bit reference DAC) CMPB 0x00 e028 8
Comparator (with 6-bit reference DAC) CMPC 0x00 e030 8
Comparator (with 6-bit reference DAC) CMPD 0x00 e038 8
Reserved 0x00 e040 64
Queued Serial Communications Interface module QSCIo 0x00 e080 16
Queued Serial Communications Interface module QSCH 0x00 e090 16
Queued Serial Communications Interface module QSCI2 0x00 e0a0 16
Queued Serial Peripheral Interface module QSPIO 0x00 e0b0 16

Table continues on the next page...
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Table 4-4. Memory map for slave peripherals (continued)

Peripheral Instance Name Basevc«g:idrse)s s (in Size (in Words)
Queued Serial Peripheral Interface module QSPI1 0x00 e0cO0 16
Queued Serial Peripheral Interface module QSPI2 0x00 e0d0 16
Inter-Integrated Circuit module 12C0 0x00 e0e0 16
Inter-Integrated Circuit module 12C1 0x00 e0f0 16
Programmable Interval Timer PITO 0x00 e100 16
Programmable Interval Timer PITA 0x00 e110 16
Programmable Delay Block PDBO 0x00 e120 16
Programmable Delay Block PDB1 0x00 e130 16
General Purpose Timer TMRAO 0x00 e140 16
General Purpose Timer TMRA1 0x00 e150 16
General Purpose Timer TMRA2 0x00 e160 16
General Purpose Timer TMRA3 0x00 e170 16
General Purpose Timer TMRBO 0x00 e180 16
General Purpose Timer TMRB1 0x00 e190 16
General Purpose Timer TMRB2 0x00 e1a0 16
General Purpose Timer TMRB3 0x00 e1b0 16
Cyclical Redundancy Check module CRC 0x00 e1cO 16
Reserved 0x00 e1d0 16
Quadrature Decoder ENC 0x00 e1e0 32
General Purpose /0 GPIOA 0x00 e200 16
General Purpose 1/0 GPIOB 0x00 e210 16
General Purpose /0 GPIOC 0x00 e220 16
General Purpose I/0 GPIOD 0x00 e230 16
General Purpose /0 GPIOE 0x00 e240 16
General Purpose /0 GPIOF 0x00 e250 16
General Purpose /0 GPIOG 0x00 e260 16
Reserved 0x00 e270 48
Power Management Controller PMC 0x00 e2a0 16
On-Chip Clock Synthesis module OCCs 0x00 e2b0 16
Reserved 0x00 e2c0 64
Interrupt Controller INTC 0x00 e300 32
Computer Operating Properly module CoP 0x00 e320 16
External Watchdog Monitor EWM 0x00 e330 16
Inter-Peripheral Crossbar Switch XBARA 0x00 e340 32
Inter-Peripheral Crossbar Switch: AOI Input XBARB 0x00 e360 32
Crossbar AOI Module AOI 0x00 e380 32
Reserved 0x00 e3a0 32
Flash Memory interface FTFL 0x00 e3c0 16
System Integration Module SIM 0x00 e400 256

Table continues on the next page...
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Table 4-4. Memory map for slave peripherals (continued)

Peripheral Instance Name Baseveg:idr:)s s (in Size (in Words)
12-bit Cyclic ADC ADCA1 0x00 e500 128

16-bit SAR ADC ADCO 0x00 e580 128

Pulse Width Modulator with nano-edge PWMA 0x00 e600 256
placement

Pulse Width Modulator with standard edge PWMB 0x00 €700 256
placement

FlexCANS interface CAN 0x00 e800 2048
Reserved 0x00 F000 4096
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Chapter 5
Clock Distribution

5.1 Overview

Clock generation is performed by two modules, the OCCS and SIM. The OCCS
encapsulates all on-chip oscillators and a PLL. Its role is to provide to the SIM a master
clock (MSTR_2X) running at two times the system rate. The OCCS's internal oscillators
are also output to the COP and EWM for use as secondary clock sources.

The SIM supplies the MSTR_2X clock directly to high-speed (2x) clock applications and
divides it by two to generate normal-rate system and peripheral clocks.

The on-chip oscillators internal to the OCCS module are:
» 8 MHz relaxation oscillator

e 32 kHz relaxation oscillator
* 8 MHz to 16 MHz crystal oscillator
* Phase lock loop (PLL)

5.2 Clock definitions

The OCCS is the primary clock generation module and interfaces with the SIM. The SIM
outputs system and peripheral clocks that are consumed by the various system-level
modules and peripherals for which they are intended.

Clock Definition

ROSC_8M Relaxation oscillator 8 MHz clock in the OCCS module.
ROSC_32K Relaxation oscillator 32 kHz clock in the OCCS module.
XTAL_OSC Crystal oscillator clock in the OCCS module.

Table continues on the next page...
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Clock Definition

MSTR_2X Master clock output by the OCCS to the SIM. The SIM uses it to generate clocks to the
core and peripherals.

CPU_CLK System rate clock used by the DSC core: MSTR_2X divided by two. Gated in low
power modes and for core stalls.

BUS_CLK Normal rate peripheral clock: MSTR_2X divided by two. The SIM provides user control
of individual peripheral clock operation in wait and stop modes. By default, peripheral
clocks are off until they are enabled. Then they operate only in run and wait mode
unless they are specifically enabled to run in stop mode as well.

2X_BUS_CLK Used for specific high-speed applications, including the RAM and RAM controller;
gated in wait and stop modes. Also can be used to clock the SCI modules and the
PWMA module with NanoEdge placement.

DIV4_BUS_CLK Clock for memory including flash memory and FlexRAM.

FTFL_OSC Internal 25 MHz clock of the flash memory (FTFL) module that is used for program/
erase.

TCK System rate clock used by DSC core for EOnCE operations and enabled only in debug

mode.

5.3 System clock source configuration

The following table identifies the possible combinations of clock sources for the system
clock. By default, the chip boots with the 8 MHz internal Relaxation Oscillator. After
boot, the user can follow the configuration steps in the table to use another clock source.

At the end of each set of configuration steps, the user can change the COD, if desired.

Table 5-1. System clock source configuration

Oscillator (ROSC_8M)

Clock Source Maximum Configuration Steps
Frequency
8 MHz Relaxation 8 MHz Default

Oscillator (ROSC_32K)

32 kHz Relaxation 32 kHz

Select the 32 kHz oscillator (PRECS=10b).
Wait 6 NOPs for resynchronization.
The relaxation oscillator can optionally be powered down (ROPD=1).

External Clock Source 50 MHz

Enable the clock source (CLKINO/CLKIN1) in the GPIO and SIM.
Select CLKIN as the source clock (PRECS=01b, EXT_SEL=1).

Wait 6 NOPs for the synchronizing circuit to change clocks.

The relaxation oscillator can optionally be powered down (ROPD=1).

reference

PLL with internal 8 MHz 240 MHz

Set PLLDB for desired multiplier and enable the PLL (PLLPD=0).
Wait for PLL lock (LCK1=1 and LCKO0=1).
Change ZSRC to select a PLL-based source.

Sl I o T

Table continues on the next page...
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Table 5-1. System clock source configuration
(continued)

Clock Source Maximum Configuration Steps
Frequency
PLL with CLKIN as 240 MHz Enable the clock source (CLKIN) in the GPIO and SIM.
reference Select CLKIN as the source clock (PRECS=01b, EXT_SEL=1).
Wait 6 NOPs for the synchronizing circuit to change clocks.
The relaxation oscillator can optionally be powered down (ROPD=1).
Set PLLDB for desired multiplier and enable the PLL (PLLPD=0).
Wait for PLL lock (LCK1=1 and LCKO0=1).
Change ZSRC to select a PLL-based output clock.
Crystal Oscillator 16 MHz Enable the pin functions XTAL and EXTAL in the GPIO and SIM.
(XTAL_OSC) Change the oscillator to low power mode (COHL=1).

Change the external clock source to the crystal oscillator (EXT_SEL=0).
Power up the crystal oscillator (CLK_MODE=0).

Wait for the oscillator to stabilize (up to 10 ms).

Select the crystal oscillator clock source (PRECS=01b).

Wait 6 NOPs for the synchronizing circuit to change clocks.

The relaxation oscillator can optionally be powered down (ROPD=1).

Enable the pin functions XTAL and EXTAL in the GPIO and SIM.
Change the oscillator to low power mode (COHL=1).

Change the external clock source to the crystal oscillator (EXT_SEL=0).
Power up the crystal oscillator (CLK_MODE=0).

Wait for the oscillator to stabilize (up to 10 ms).

The crystal oscillator clock source should be selected (PRECS=01b).
Wait 6 NOPs for the synchronizing circuit to change clocks.

The relaxation oscillator can optionally be powered down (ROPD=1).

PLL with Crystal Oscillator | 240 MHz
as reference

ONODORARONA|ONODOARON NGO RWND =

5.4 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-2. Module clocks

Module | Input Clock Option(s)
Core and system modules

CPU CPU_CLK

Crossbar switch (AXBS_Lite) BUS_CLK

Peripheral bridge (AIPS_Lite) BUS_CLK

XBARs BUS_CLK

AOI BUS_CLK

INTC BUS_CLK

PMC BUS_CLK, MSTR_CLK
DMA controller BUS_CLK

EONnCE TCK

Memories and memory interfaces

Table continues on the next page...
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Table 5-2. Module clocks (continued)

Module Input Clock Option(s)

RAM controller BUS_CLK, 2X_BUS_CLK
System RAM 2X_BUS_CLK
FMC BUS_CLK
Flash memory (FTFL) DIV4_BUS_CLK, FTFL_OSC
FlexRAM DIV4_BUS_CLK, FTFL_OSC
FlexCAN RAM BUS_CLK

Security and integrity modules
COP BUS_CLK, XTAL_OSC, ROSC_8M, ROSC_32K
EWM BUS_CLK, XTAL_OSC, ROSC_8M, ROSC_32K
CRC BUS_CLK

Analog
12-bit Cyclic ADC BUS_CLK, ROSC_8M
16-bit SAR ADC 4MHZ_ROSC (ROSC_8M/2), BUS_CLK, internal ALTCLK
12-bit DAC BUS_CLK
CMPs (including 6-bit DACs) BUS_CLK
PWMs and timers
PWMA with NanoEdge placement BUS_CLK, 2X_BUS_CLK
PWMB BUS_CLK
PDBs BUS_CLK
TMRs BUS_CLK
PITs BUS_CLK, XTAL_OSC, ROSC_8M, ROSC_32K
ENC BUS_CLK
Communication interfaces

SPIs BUS_CLK
SCls BUS_CLK, 2X_BUS_CLK
I12Cs BUS_CLK
FlexCAN3 BUS_CLK, XTAL_OSC, XTAL_OSC_DIV2, CLKIN
CAN_GLITCH_FLT 4MHZ_ROSC (ROSC_8M/2)

Human-machine interface (HMI)
GPIO BUS_CLK
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Chapter 6
Reset and Boot

6.1 Reset Configuration
Reset is managed by the SIM. The chip supports the following specific sources of reset:
e Power-on reset (POR) from the PMC
» External (PIN) reset from the RESET pin
* COP CPU (processor watchdog) reset from the COP module
e COP loss of clock reference (LOR) reset from the COP module
» Software reset from SIM module

Each peripheral can be individually reset by toggling the corresponding bit in the SIM
peripheral reset registers. These registers are write protected.

The power-on reset, by design, supports hysteresis so that it does not release until the
supply has risen above the high LVI detection level of 2.7 V. This reset does not reassert
until the supply reaches 2.0 V. The PMC is configurable to detect rising or falling
transitions through high LVI at 2.7 V or low LVI at 2.2 V so that software can
appropriately manage power consumption.

The external pin reset is a selectable pad function of GPIOD4 and is selected at reset. If
this pad function is deselected because of the configuration of GPIOD4 or muxing for
GPIODA4, the external reset presents a deasserted value to the chip.

The COP provides a mechanism for detecting runaway code on the processor. When
enabled, failure of software to regularly reset the COP (the timeout period is
configurable) results in the COP asserting a reset to the SIM.

The COP also receives a loss-of-reference input from the OCCS module that is associated
with its loss-of-reference interrupt. The COP provides a counter of configurable duration.
Failure to clear the LOR condition before the timer period elapses results in a loss of
reference reset.
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In addition to the peripheral bus clock, the COP has access to alternate clock sources,
including the 8 MHz / 400 kHz ROSC, 32 kHz ROSC, and crystal oscillator. At any
given time, when the OCCS is using a particular clock source to produce the master
system clock, configure the COP to use a different clock source to prevent compromised
COP functionality in the event of a loss of the system clock.

The software reset provides a capability for user software to reset the entire chip.

6.2 System Boot
The chip has two options for system boot:
* During normal operation, the CPU always boots from internal flash memory. There
is no external memory interface.
* During development, the DSC core can boot directly into debug mode.

6.2.1 FOPT boot options

The flash option (FOPT) register in the flash memory (FTFL) module allows the user to
customize the operation of the DSC at boot time. The register contains read-only bits that
are loaded from the NVM's option byte in the flash configuration field. The user can
reprogram the option byte in flash to change the FOPT values that are used for
subsequent resets. For more details on programming the option byte (OPT field), refer to
the detailed description of the flash memory module.

The DSC uses the FTFL_FOPT register bits to configure the device at reset as shown in
the following table.

Table 6-1. Flash Option Register (FTFL_FOPT) Bit Definitions

Bit Field Value Definition
Number
7-1 Reserved Reserved for future use.
0 Advanced Low Power |0 At reset exit, the chip's power modes are controlled through the SIM_PWR
Mode Enable register (the SIM_PWRMODE register has no effect).
1 At reset exit, the chip's power modes—including advanced low power

modes—are controlled through the SIM_PWRMODE register (the
SIM_PWR register has no effect).

6.2.2 Boot Procedure for Normal Operation

The chip has a number of reset sources:
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Internal power-on reset

External RESET pin

Software reset

COP CPU reset

COP loss of clock reference reset

SNk =

Assuming that the JTAG port is in its reset state, the first three of these cause the CPU to
boot from the locations at 00_0000h. Both COP resets cause the CPU to boot from the
locations at 00_0002h.

6.2.3 Boot sequence

At power up, the Relaxation Oscillator (ROSC) starts to operate. The on-chip regulator
holds the system in a POR state until the input supply is above the POR threshold. The
system continues to be held in this static state until the input supply reaches a safe
operating voltage as determined by the LVD. After the input supply crosses this LVD
threshold, the Power Management Controller releases the POR signal to the system. After
POR deassertion, the SIM starts the reset exit sequence.

1. A system reset is held on internal logic, and the OCCS module is enabled in its
default clocking mode. The system begins to receive the clock from the internal
ROSC.

2. Required clocks are enabled: core clock, system clock, flash clock, and any bus
clocks that do not have clock gate control.

3. The POR is extended for 64 ROSC clock cycles. The deassertion of this extended
POR enables the clock dividers within the SIM (for the bus clock and flash clock).

4. The system reset on internal logic continues to be held. However, the Flash Memory
Controller is released from reset (by early reset deassertion) and begins initialization
operation, which includes the following events:

» The FTFL_FSEC register is updated and the security state is established.
* NVOPT and IFR information is delivered from the flash and gets captured in
SIM.

5. If RESET continues to be asserted (an indication of a slow rise time on the RESET
pin or external drive in low), the system continues to be held in reset. After the
RESET pin is detected to be high and flash initialization completes, the system is
released from reset.

6. When the system exits reset, the processor fetches initial 16-bit values from the
location specified by the Vector Address Base of the Interrupt Controller. By default,
the location is 00_0000h, which is the location of program flash memory, but the
location is 00_0002h in case of COP reset sources. At this time:
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7.

* If EzPort mode is enabled, the system enters EzPort mode instead of normal
CPU execution. The core clock is halted, which inhibits CPU execution.
If FlexXNVM is enabled, the Flash Memory Controller continues to restore the
FlexXNVM data. This data is not available immediately out of reset, and the system
should not access this data until the Flash Memory Controller completes this
initialization step as indicated by the EEERDY flag.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.

6.2.4 Boot Procedure for Debug Operation

DSC devices can boot directly from reset into debug mode.

NNk v =

Assert RESET low.
Set TMS high.
Clock TCK 5 times. This moves the chip TAP into the Test-Logic-Reset state.
Release TRSTB.
Set TMS low.
Clock TCK 2 times. This moves the chip TAP into the Run-Test-Idle state.
Switch TLM to switch traffic from the chip TAP to the core TAP.

a. Shift in the CHIP_TLM_SEL instruction (hex "05").

b. Shift in TLM_CORE_b. TAP_SEL data (hex "2").
Scan in a debug request instruction (hex "7") for the DSC EOnCE. The expected data
out is "D".

. Release RESET.
10.
11.

Set TMS low, and clock TCK once to ensure the RESET change takes effect.
Scan in the enable_eonce command (hex "6"). The expected data out is "D".
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Chapter 7
Power Management

7.1 Overview

Power is supplied through external pads for digital and analog power and ground. The
analog supply VDDA is consumed directly by analog components. The external digital
supply VDD (externally in common with VDDA) is regulated to produce stable voltages
for internal digital applications. Safe operation is insured by power-on reset and low
voltage detection circuits which allow the user to manage power consumption due to
insufficient operating voltage.

Power consumption during part operation is managed by powering off non-essential
analog components and through the use of low-power modes (RUN, WAIT, STOP) and
clock gating associated with these modes.

7.2 Architecture

Internal rails are generated from external VDD by a large and small power regulator in
the PMC module. The small regulator provides isolated power for clock generation and
other noise-critical applications. The large regulator supplies all other internal digital
applications.

The PMC incorporates power-on reset logic and two levels of low voltage detection. A
hysteresis circuit ensures that power-on reset does not release until the supply rises above
the LV1 threshold where the part can operate safely over PVT. On falling voltage
conditions, the part continues to operate below LV1 and a lower LV2 until a POR level is
reached where the part is ultimately forced to reset. This approach offers the opportunity
to disable nonessential operations and configure the part in a safe minimum power state
until power is restored.
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The primary methods for power management during part operation are module-specific
clock enables, clock frequency control, clock gating associated with the use of low power
modes, and clock gating added by power synthesis. Module enables are generated by
modules to turn off generation of their clocks when they are not required. The OCCS
module provides flexible clock frequency control. Clock gating and low power modes are
implemented by the DSC processor and SIM and cause clocks to be generated only when
enabled for operation in the current power mode. Clock tree synthesis further limits
power by denying clocks to registers that are not changing state.

7.3 External Supplies and Regulation

Power regulation is managed by the Power Management Controller. The PMC uses a
small regulator to maintain a stable, low-noise 2.7 V supply to the PMC, oscillators,
PWMA with NanoEdge placement, and PLL. It also uses the small regulator to maintain
a stable and relatively low-noise 1.2 V supply to the PLL and PWMA with NanoEdge
placement. The PMC uses a large regulator to maintain a stable and relatively low-noise
1.2 V supply to other internal digital circuitry.

As voltage increases at power on, POR does not release until a safe operating voltage of
2.7 V is achieved on the external digital rail. This value ensures that the internal
regulators are operating at their intended threshold before POR is released.

Should the external digital supply (VDD) fall, the PMC detects and can generate
interrupts for an LVI1 threshold violation at 2.7 V and an LVI2 threshold violation at 2.2
V. Interrupts associated with these thresholds can be used for disabling nonessential
features and eventually disabling applications until power is restored or the part is reset.
In the case of falling voltage, the POR does not assert until the low POR threshold is
violated at 2.0 V, so the maximum time is allowed for orderly shutdown.

7.4 User Power Management Methods

The primary means available to the user to manage power consumption are clock enables,
limiting clock frequency, using low power modes, and using DMA. Further indirect
power savings can be achieved by reducing unnecessary signal transitions through careful
crafting of application software.
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The most basic form of power control are module enables. Selected peripherals provide
their own clock gating controls back to the SIM. Using these controls, clock generation is
gated off automatically in the SIM when not required by the peripheral. Module enables
are also used to power off embedded analog functions when not in use. It is therefore
advantageous to leave system and peripheral functions disabled if not currently in use.

Clock frequency control is performed in the OCCS. The OCCS provides the means to
perform glitch-free transitions between the available clock sources including 8 MHz
crystal oscillator, 8 MHz relaxation oscillator, 32 kHz internal oscillator and an external
clock. Only clock sources currently in use should be powered on. The PLL should only
be powered on when necessary to produce higher operating frequencies. A post scaler
with up to 50x division is provided to reduce the active clock source frequency (PLL
output or oscillator) even further for power savings. This gives the part flexible frequency
control from full speed (100MHz system bus rate) to below 1 kHz.

Low power modes are entered via the DSC processor upon execution of STOP or WAIT
instructions and conveyed to the SIM, which performs related clock gating for RUN,
WAIT, and STOP modes. The processor and processor dependent clocks operate only in
RUN mode. Peripheral clocks do not operate in any power mode until enabled
individually by the user in the SIM. Once enabled, they normally run only in RUN and
WAIT modes and must be specifically overridden to remain clocked in STOP mode.

The DMA controller contributes to power management by permitting peripheral I/O to be
serviced by the DMA while the core remains unclocked in WAIT mode. By eliminating
the requirement for the core to service the related interrupts, the DMA controller
decreases the frequency and duration of intervals where the core must be returned to
RUN mode to service interrupts.

Additional power savings can be achieved by crafting application software to avoid
unnecessary register state transitions and to configure module-specific frequency controls
to use the lowest-supportable operating rates that satisfy application requirements.

7.5 Power Modes

The CPU has three primary modes of operation: run, wait, and stop mode. Additional low
power operating modes can reduce run-time power when maximum bus frequency is not
required to support application needs.

The large regulator can support both full power and low power mode (also called the

large regulator's standby mode). The maximum operating frequency in this low power
mode is 2 MHz.
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The small regulator can support full power, low power, and power down modes. In the
small regulator's power down mode, the 2.7 V supply is completely shut off. As a result,
all on-chip clock sources are disabled. To operate the chip in this mode, the user must
provide an external clock through the CLKINO/1 pin.

The flash memory (FTFL) module has its own power modes: full power mode, Very Low
Power (VLP) mode, and Very Low Power Stop (VLPS) mode.

DMA can be enabled in any of the power modes.

Various of the low power modes function only if the FOPT[0] bit is set.

Table 7-1. Power Modes of Operation
Chip Power | CPU Clock Peripheral Small Large/Small | Flash Power | Max. System Wakeup
Mode Clock Regulator Regulator Mode Clock Freq. Source
27V 1.2V
RUN ON ON Full Power Full Power Full Power 100 MHz NA
WAIT OFF ON Full Power Full Power Full Power 100 MHz Peripheral
interrupt and/
or reset
STOP! OFF OFF2 Full Power Full Power Full Power 100 MHz2 | Interrupt from
clock enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP, SAR
ADC,
FlexCANS3)
LPRUN ON ON Low Power | Low Power VLP3 2 MHz3 Clear the
Mode Mode standby bit in
SIM_PWR
register.
LPWAIT OFF ON Low Power | Low Power VLP3 2 MHZz® Peripheral
Mode Mode interrupt and/
or reset
LPSTOP! OFF OFF2 Low Power | Low Power VLPS3 2 MHz%3 | Interrupt from
Mode Mode clock enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP, SAR
ADC,
FlexCAN3)
Table continues on the next page...
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Table 7-1. Power Modes of Operation (continued)

Chip Power | CPU Clock Peripheral Small Large/Small | Flash Power | Max. System Wakeup
Mode Clock Regulator Regulator Mode Clock Freq. Source
27V 12V

VLPRUN* ON ON Power Down | Low Power VLP 200 kHz Clear the
Mode Mode Power Down
bit and
STDBY bit in
SIM_PWR
register.
VLPWAIT# OFF ON Power Down | Low Power VLP 200 kHz Peripheral
Mode Mode interrupt and/
or reset
VLPSTOP?: 4 OFF OFF2 Power Down | Low Power VLPS 200 kHz2 | Interrupt from
Mode Mode clock enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP, SAR
ADC,
FlexCAN3)

—

If DMA is enabled in any STOP mode, flash memory will not enter its VLPS mode.

2. In all STOP modes, the clock to some portions of SIM logic is never gated. In addition, the user can enable the clock of
select peripherals by setting the corresponding bit in one of the SIM's SDn registers.

3. For any chip LP mode, the clock source is the ROSC or XOSC. In that case, the maximum system frequency is 2 MHz.
The PLL is shut down in LP modes. In all chip LP modes and flash memory VLP modes, the maximum frequency for flash
memory operation is 500 kHz due to the fixed frequency ratio of 1:4 between the CPU clock and the flash clock.

4. When the chip is in any VLP mode, all internal clock sources are unavailable. To operate the chip in those modes, the user
must provide a clock through the CLKINO/1 port.

7.6 Power mode transitions

The following figure shows the chip's power modes and the available transitions among

them.
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Power mode transitions

RESET

Figure 7-1. Power mode state transitions

The following table defines triggers for the various state transitions shown in the
preceding figure.

NOTE
To prevent current leakage in any VLP mode, ensure the
following settings apply before entering the VLP mode:
1. The OCCS_CTRLI[PLLPD] bitis 1.
2. The PWMA_FRCTRL[FRAC_PU] bit is O.
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3. The OCCS_OSCTLI1[ROPD], OSCTL2[COPD], and
OSCTL2[ROPD32K] bits are each 1.

Table 7-2. Power mode transitions

Transition
number

From

To

Device configuration and/or trigger condition

1

RUN

WAIT

1.
2.

Ensure the SIM_CTRL][0] bit is clear.
Execute the WAIT instruction.

WAIT

RUN

Synchronous interrupt or reset

RUN

STOP

1.
2.

Ensure SIM_CTRL[2] is clear.
Execute the STOP instruction.

STOP

RUN

1.

Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

Asynchronous interrupt from an 12C module, the FlexCAN module, a CMP
module, the SAR ADC module, or an LVD event.

POR or PIN reset.

RUN

LPRUN

1. If the system is running with the PLL, then switch the clock source to

o

6.

7.

XOSC/ROSC by setting OCCS_CTRL[ZRSR] to 01b.

Before changing ZSRC, ensure the MSTR_OSC clock is stable.

Put the PLL in power down mode by setting OCCS_CTRL[PLLPD].

If the internal oscillator is used during LP mode, put the crystal oscillator in
power down mode by setting OSCTL2[COPD] to 1.

Similarly, if the crystal oscillator is used, put the ROSC in power down
mode by setting OSCTL1[ROPD] to 1 and OSCTL2[ROPD32K] to 1.
Configure the OCCS_DIVBY[COD] field to ensure the system clock
frequency (2x) does not exceed 4 MHz.

Set SIM_PMODE[LPMODE].

LPRUN

RUN

Clear the SIM_PWRMODE[LPMODE] bit.

LPRUN

LPWAIT

1.
2.

Ensure SIM_CTRL][O0] is clear.
Execute the WAIT instruction.

LPWAIT

LPRUN

Synchronous interrupt or reset

LPRUN

LPSTOP

1.
2.

Ensure SIM_CTRL[2] is clear.
Execute the STOP instruction.

LPSTOP

LPRUN

1.

Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

Asynchronous interrupt from an 12C module, the FlexCAN module, a CMP
module, the SAR ADC module, or an LVD event.

POR or PIN reset.

RUN

VLPRUN

1. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to

ensure the CLKIN path is selected as the system clock (2x) with a
maximum frequency of 4 MHz.
Set SIM_PWRMODE[VLPMODE] to 1.

VLPRUN

RUN

. Clear the SIM_PWRMODE[VLPMODE] and SIM_PWRMODE[LPMODE]

bits (if they are already set).
Wait for the PMC[SR27] bit to be set.

VLPRUN

VLPWAIT

1.
2.

Ensure SIM_CTRL][0] is clear.
Execute the WAIT instruction.

VLPWAIT

VLPRUN

Synchronous interrupt or reset

Table continues on the next page...
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Table 7-2. Power mode transitions (continued)

Transition From To Device configuration and/or trigger condition
number
8 VLPRUN | VLPSTOP 1. Ensure SIM_CTRL[2] is clear.

2. Execute the STOP instruction.

VLPSTOP | VLPRUN 1. Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

2. Asynchronous interrupt from an I12C module, the FlexCAN module, a CMP
module, the SAR ADC module, or an LVD event.

3. POR or PIN reset.

9 LPRUN VLPRUN

—_

. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to
ensure the CLKIN path is selected as the system clock (2x) with a
maximum frequency of 4 MHz.

Set SIM_PWRMODE[VLPMODE] to 1.

Ensure the LPMODE bit is set.
Clear SIM_PWRMODE[VLPMODE] to 0.
Wait for PMC[SR27] bit to be set.

VLPRUN LPRUN

wh =N
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Chapter 8
Signal Multiplexing and Signal Descriptions

8.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed

on which external pin.

8.2 Signal Multiplexing Integration

This information summarizes how the functionality is integrated into the chip. For more
information, see the the following references.

Peripheral Bridge

Register
access
XBARS Transfers Transfers Y
c
. . . o
Signal multiplexing ~|«~———x 3
: : (GPS) registers in SIM s s 5
L o L ")'<’
Ll
[ voaute Jo—r N

Figure 8-1. Signal multiplexing integration

Table 8-1. Reference links to related information

Topic Related module Reference
Full description SIM System Integration Module (SIM)
System memory map System Memory Map
Clocking Clock Distribution
Register access Peripheral Bridge
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8.3 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The SIM's GPS registers are responsible

for selecting which ALT functionality is available on most pins.

64 | 48 Default ALTO ALTH ALT2 ALT3
LQFP | LQFP

1 1 GPIOD2

2 2 | RESETB GPIOD4

3 3 | GPIOCO EXTAL CLKINO

4 4 | GPIOCt XTAL

5 | 5 |GPIOc2 TXDO T80 XB_IN2 CLKOO
b — | GPIOF8 RXDO TB1 CMPD_O

7 6 | GPIOC3 TAO CMPAO RXDO CLKINT
8 7 | GPIOC4 TA1 CMPB_O XB_IN8 EWM_OUT B
9 — | GPIOA7 ANATSANC1

10 | — | GPIOAS ANAGEANC10

1| — | GPIOAs ANAS&ANCY

12 8 | GPIOA4 ANA4&ANC8&CMPD_INO

13| 9 |GPIOA ANAOSCMPA_IN3 CMPC_0

14 | 10 | GPIOA1 ANA1&CMPA_INO

15 | 11 | GPIOA2 ANA28VREFHA&CMPA_IN1

16 | 12 | GPIOA3 ANA3&VREFLAGCMPA_IN2

17 | — | GPIOB? ANB7AANC15&CMPB_IN2

18 | 13 | GPIOCs DACO XB_IN7

19 | — | GPIOB6 ANBB&ANC14&CMPB_IN1

2 | — |GPIoBs ANB5&ANC138CMPC_IN2

21 | 14 | GPIOB4 ANB4&ANC126CMPC_IN1

2 | 15 | VDDA

23 | 16 | VSSA

24 | 17 | GPIOBO ANBO&CMPB_IN3

%5 | 18 | GPIOB ANB1&CMPB_INO

26 | 19 |VCAP

21 | 20 | GPIOB2 ANB28VREFHB&CMPC_IN3

28 | 21 | GPIOB3 ANB3&VREFLB&CMPC_INO

2 [ — |[vOD

0 | 2 |VSS

3 | 23 | GPIOC6 TA2 XB_IN3 CMP_REF

2 | 24 | GPIOCT SS0.B TXDO

3 | 25 | GPIOC8 MIS00 RXDO XB_IN9

3 | 26 | GPIOCY SCKO XB_IN4
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64 | 48 Default ALTO ALTH ALT2 ALTS
LQFP | LQFP

% | 27 | GPIOC10 MOSI0 XB_INS MISO0

3% | 28 | GPIOFO XB_IN6 TB2 SCKi1

8 | 29 | GPIOCH CANTX SCL1 TXD1

3 | 30 | GPIOCI2 CANRX SDA1 RXD1

% | — | GPIOF2 SCL1 XB_OUTS

4 | — | GPIOF3 SDA1 XB_OUT7

4 | — | GPIOF4 TXD1 XB_OUTS

42 | — | GPIOFs RXD1 XB_OUTY

43 | 31 | VSS

4 | & | VDD

45 | 33 | GPIOEO PWMA_0B

46 | 34 | GPIOE PWMA_0A

47 | 3 | GPIOE2 PWMA_1B

48 | 36 | GPIOE3 PWMA_1A

49 | 37 | GPIOC13 TAS XB_IN6 EWM_OUT_B

5 | 38 | GPIOF1 CLKO1 XB_IN7 CMPD_O

5 | 39 | GPIOE4 PWMA_2B XB_IN2

5 | 40 | GPIOES PWMA_2A XB_IN3

5 | — | GPIOES PWMA_3B XB_IN4 PWMB_2B

5 | — | GPIOE7 PWMA_3A XB_IN5 PWMB_2A

55 | 41 | GPIOC14 SDAO XB_OUT4

5 | 42 | GPIOCt5 SCLo XB_OUTS

5 | 43 | VCAP

5 | — | GPIOF6 B2 PWMA_3X PWMB_3X XB_IN2

5 | — | GPIOF7 TB3 CMPC_O 8818 XB_IN3

60 | 44 | VDD

61 | 45 | VSS

62 | 46 GPIOD1

63 | 47 GPIOD3

o4 | 48 GPIODO

8.4 Pinout diagrams

The following diagrams show pinouts for the packages. For each pin, the diagrams show
the default function. However, many signals may be multiplexed onto a single pin.
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Pinout diagrams
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K 48| | GPIOE3

RESETB [ |2 47| ] aPioe2
arioco [ |3 46| | GPIOE1
arioct [ |4 as| ] aPioEO
arioc2 [ |s 44| ] vop
ariors [ |s 43| ] vss
ariocs [ |7 42| ] aPioFs
apiocs [ s 41| ] aPioF4
apioa7 [ ]9 40| ] aPioFs
apioas [ |10 39| ] apior2
GPioas [ |11 38| | apiociz
Gpioad [ |12 37| ] apioct1
Gpioao [ |13 36| | apioFo
Gpioat [ |14 35| | aPiocio
gpioa2 [ |1s 34| ] aPioce
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Figure 8-2. 64-pin LQFP
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Pinout diagrams
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Chapter 9
Memory Resource Protection (MRP)

Memory resource protection allows two levels of software to co-exist in the DSC core,
while maintaining hardware-enforced isolation. The levels are designated supervisor
software and user software. The hardware feature along with appropriate software
architecture allow the system to protect supervisor programs and resources being
accessed from user programs.

This resource protection allows unverified or third-party software to safely run in user
mode, allowing it to only access unprotected memory locations and resources.

The software enablement of resource protection is provided in the MCM's Resource
Protection Control Register (RPCR).

The resource protection features provided are:

* Partition software into two modes: supervisor software and user software

* Partition system address spaces and resources, both code and data, into two modes
* Provide secure methods of transfer between modes

* Provide separate stacks and stack pointers for supervisor and user modes

9.1 Overview

The software is able to be partitioned into two modes: supervisor and user. The system
resources are partitioned for both code and data into supervisor and user regions.
Supervisor code can only be executed from supervisor regions and user code can only be
executed from user regions. The data regions defined as supervisor can be accessed only
by supervisor code; the user data regions can be accessed by both supervisor and user
code.

Table 9-1. Resource Protection Accesses

System Resource Supervisor Code User Code

Supervisor data Allowed Prohibited

Table continues on the next page...
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Table 9-1. Resource Protection Accesses (continued)

System Resource Supervisor Code User Code
User data Allowed Allowed
Peripheral space Allowed Prohibited
FlexNVM/FlexRAM Allowed Prohibited
Debug resources Allowed Prohibited
NOTE

User mode cannot directly access FlexNVM, FlexRAM,
peripheral space, or EOnCE registers. It can access only the
user mode portion of flash memory and RAM.

Supervisor code may access anywhere in supervisor or user space. Supervisor code may
branch into user code by executing one of the three DSC "return from interrupt"
instructions (RTI, RTID, FRTID). User code may access anywhere in user space. If user
code attempts to branch into supervisor space or to reference data in supervisor space, the
memory reference is aborted, producing a fault and generating an interrupt. User code
may safely return control to supervisor program and data memory spaces with system
calls using the SWI (software interrupt) instruction. Additionally, any interrupt exception
forces entry to supervisor mode.

9.2 Features
The resource protection features are:
» Two stack pointer registers: active and "other"
e Flash memory regions defined with 8 KB granularity
* RAM memory regions defined with 512 byte granularity
* Hardware-managed stack pointer register visible to software
» Supervisor stack pointer guaranteed on software faults and interrupts
 Stack pointer swap managed in hardware for supervisor-to-user transition via the
RTI, RTID, FRTID instructions
» User-to-supervisor transition and stack pointer register swap managed on SWI
instruction and all interrupts

9.3 Operation

Each of the protected code and data memory regions—flash memory and RAM—are
divided into two address spaces through supervisor-only memory-mapped programmable
registers: the UFLASHBAR (User Flash Base Address Register) and UPRAMBAR (User

MC56F844xx Reference Manual, Rev. 1, 06/2012

140 Preliminary Freescale Semiconductor, Inc.
General Business Information




.4
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PRAM Base Address Register) . These registers define the base address for each region.
Locations above this base address consist of user space, and locations below the base
address are in the supervisor area.

The following diagram shows the allowed transitions between supervisor and user modes.
Faulting transitions and illegal data references show the fault indicators for each illegal
operation.
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Operation

Goto ISR
No
Yes 5C in No Mode =
Mode = SUPV
SUPV N2 | USER
no = ok no = ok
yes = ok -5 yes =0k operand™>_ _ No =
l access
yes OP addr in no = ok Y
-
yes = ok RTI,RTID, no = ok Y
— FRTID ? 1 MRP data access fault
Misaligned vector . SWAP,
FRTID ?
no = ok no = ok
-— 0) =
MRP illegal fault
yes = ok Mode = USER illegal inst vector
Mode = SUPV no = ok
- .
yes = ok q
-«
Mode = Supy >R "4I8¥ no = ok
MRP illegal fault Mode = USER
no illegal inst vector
MRP illegal fault
illegal inst vector
MRP illegal fault
v V Mode = USER illegal inst vector 7
Terms:

ifault: Resource Protection illegal fault uses illegal instruction vector

dfault: Resource Protection data access fault uses misaligned vector
SUPV = supervisor
USER = user

operand access: current instruction that performs any operand read or write
Figure 9-1. MRP flows
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The transition from supervisor code to user code is managed via the RTI, RTID, and
FRTID instructions. The only transition from user code to supervisor code is via an
interrupt or a fault triggered by a user software attempt to access a restricted region. Any
other attempt results in a fault and subsequent return to supervisor mode. The preferred
method for a user program to return to supervisor mode is to perform a system call via
the SWI instruction. Additionally, user mode code is restricted from modifying SR
(Status Register) bits [9:8] (interrupt mask level bits). Any attempt by user code to
modify these bits is ignored.

Region transition is managed via the stack pointer. The DSC core controls the stack
pointers (SP) as follows:

1. The hardware manages two SPs: a supervisor SP and a user SP. For correct and
secure operation, the supervisor stack is located in supervisor RAM space and the
user stack is located in user RAM space. Both spaces are defined by the contents of
the UPRAMBAR.

2. The hardware manages one SP as the "active" stack pointer and the alternate as the
"other" stack pointer. The active stack pointer resides in the core's SP register. The
other stack pointer resides in a supervisor-only memory-mapped register.

3. On all faults and interrupts (supervisor mode entry points), the hardware guarantees
the supervisor stack pointer is the active stack pointer. In other words, on all faults
and interrupts:

* If the supervisor stack pointer is in the SP register, interrupt processing
continues.

* If the user stack pointer is the active pointer and in the SP register, the hardware
first swaps the SP register with the "other" stack pointer register, activating the
supervisor stack pointer and saving the user SP before proceeding with interrupt
processing.

4. Similar operations involving the two stack pointers are performed on possible
supervisor mode exit points. On a return from interrupt instructions (RTI, RTID,
FRTID), if the instruction is in supervisor code space and the target instruction
address of the return is in user code space, the hardware:

a. Swaps the SP holding the supervisor stack pointer with the "other" stack pointer
register, activating the user stack pointer and saving the supervisor SP in the
“other” SP register.

b. Passes control to the user mode code.

If the return target is located in the supervisor address space, then no stack pointer
exchange is required and control immediately passes to the target instruction.

5. Stack pointer swaps occur such that all faults and interrupts are processed on the
supervisor stack.

6. Stack pointer swaps do not incur any delay (they occur with zero cycle overhead).
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Programming Model Overview

The transfer from supervisor to user mode is done by the execution of a RTI, RTID, or
FRTID instruction in supervisor space with a target in user space. All other transfers from
supervisor code space to user code space result in a fault.

The only allowable state transition from user code to supervisor code is via a fault or an
interrupt. The preferred, graceful method for a user program to perform a system call to
pass control to supervisor code is via the SWI instruction.

9.4 Programming Model Overview

The resource protection registers are available only when memory resource protection is
enabled. These registers reside in the MCM, and the addresses are offsets of the MCM's
base address. The MCM is a supervisor-only space, so all registers must be accessed by
supervisor code.

9.5 Memory Resource Protection Restrictions
In resource protection mode, the following restrictions apply:
* An attempt to execute the following supervisor-only instructions when in user mode
produces an illegal fault:
* FTRID
« SWAP
* An attempt to execute the following instructions when in user mode results in an
illegal fault if the target is in supervisor space:
e RTI
* RTID
* In resource protection mode, the following registers are supervisor only:
* All shadow registers
* The SR (status register) bits [9:8] (interrupt mask level bits) cannot be modified by
user code.

9.6 Base Address Setup

The UFLASHBAR and UPRAMBAR registers express the size of the portion of the flash
memory or program RAM that is used for supervisor space when resource protection is
enabled. The hardware manages this information correctly for accesses to flash memory
or RAM for both program and data memory accesses.

UFLASHBAR Example
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If resource protection is enabled and the primary program/data flash memory size is 64
KB (32 KW), setting the UFLASHBAR to 8000h defines the supervisor access region to
be 32 KB. As a result, for both the program memory map and the data memory map, the
supervisor access region occupies the bottom half of the primary program/data flash
memory space and the user access region occupies the upper 32 KB of the space.

* Program (PDB bus) accesses to flash memory use the program memory map.
Address accesses in the range of 00_0000h to 00_3FFFh in terms of words are
supervisor mode accesses to the primary flash memory. Accesses in the range of
00_4000h to 00_7FFFh in terms of words are user mode accesses to the primary
flash memory.

* Data (XAB1 or XAB2 bus) accesses to flash memory use the data memory map.
Address accesses in the range of 02_0000h to 02_3FFFh in terms of words are
supervisor mode accesses to the primary flash memory. Accesses in the range of
02_4000h to 02_7FFFh in terms of words are user mode accesses to the primary
flash memory.

Total flash memory size = 64 KB

64 KB

User mode
access

32 KB
UFLASHBAR[31:0] = 0x0000_8000

Supervisor mode
access

0 bytes (flash memory base address)
Figure 9-2. Flash Memory Base Address Setup Example

UPRAMBAR Example
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If resource protection is enabled and the RAM size is 32 KB (16 KW), setting the
UPRAMBAR to 4000h defines the supervisor access region to be 16 KB. As a result, for
both the program memory map and the data memory map, the supervisor access region
occupies the bottom half of the RAM space and the user access region occupies the upper
16 KB of the space.

* Program (PDB bus) accesses to RAM use the program memory map. Address
accesses in the range of 06_0000h to 06_1FFFh in terms of words are supervisor
mode accesses to the RAM. Accesses in the range of 06_2000h to 06_3FFFh in
terms of words are user mode accesses to the RAM.

* Data (XAB1 or XAB2 bus) accesses to RAM use the data memory map. Address
accesses in the range of 00_0000h to 00_1FFFh in terms of words are supervisor
mode accesses to the RAM. Accesses in the range of 00_2000h to 00_3FFFh in
terms of words are user mode accesses to the RAM.

Total PRAM size = 32 KB

32 KB

User mode
access

16 KB

UPRAMBARI[31:0] = 0x0000_4000

Supervisor mode
access

0 bytes (RAM base address)
Figure 9-3. RAM Base Address Setup Example

9.7 Programming Example
To set up MRP and enter user mode, follow these required steps:
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1. Initialize the UFLASHBAR, setting the base address of the user region in flash

memory.

Initialize the UPRAMBAR, setting the base address of the user region in RAM.

Set up the user stack pointer via the MCM_SRPOSP register.

Enable resource protection using the MCM_RPCR[RPE] bit.

Push the desired user Status Register (SR) value and user Program Counter (PC) on

the supervisor stack.

Execute a return from interrupt instruction (RTI, RTID, or FRTID), which reads the

user Status Register (SR) value and user Program Counter (PC) from the supervisor

stack to switch from supervisor to user mode.

Al el

=

It is recommended that user control is relinquished by the execution of an SWI
instruction, returning control to the supervisor.
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Chapter 10
Miscellaneous Control Module (MCM)

10.1 Introduction

The Miscellaneous Control Module (MCM) provides a myriad of miscellaneous control
functions.

10.1.1 Features
The MCM provides the following:

e Program-visible information about the configuration and revision of the core and
select system peripherals

» Registers for capturing information about core and core-peripheral bus errors, if
enabled

* Control and configuration of memory resource protection (MRP)
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Memory Map/Register Descriptions

10.2 Memory Map/Register Descriptions

Restriction

The MCM is a supervisor-only space. All MCM registers must

be accessed by supervisor code.

In addition, each MCM register must be written in an access
size equal to the register's width. For example, a 32-bit register

must be written using a 32-bit access.
NOTE

The base address and offsets for these registers are presented in

terms of bytes.

MCM memory map

23(51‘::;? Register name (i‘IrYi:ittr;) Access | Reset value S:(;t:;n/
(hex)
1_8008 Crossbar switch (AXBS) slave configuration (MCM_PLASC) 16 R 000Fh 10.2.1/151
1_800A E)l\;lcgs&ti?)rliw,\;g; (AXBS) master configuration 16 R 000Fh 10.2.2/151
1_800C Core control register (MCM_CPCR) 32 R/W 0000_0000h | 10.2.3/152
1_8010 Core fault address register (MCM_CFADR) 32 R Undefined 10.2.4/153
1_8014 Core fault attributes register (MCM_CFATR) 8 R Undefined 10.2.5/154
1_8015 Core fault location register (MCM_CFLOC) 8 R 00h 10.2.6/155
1_8016 Core fault interrupt enable register (MCM_CFIER) 8 R/W 00h 10.2.7/156
1_8017 MCM interrupt status register (MCM_CFISR) 8 R/W 00h 10.2.8/156
18018 Core fault data register (MCM_CFDTR) 32 R Undefined 10.2.9/157
1_8020 Resource Protection Control Register (MCM_RPCR) 32 R/W | 0000_0000h | 10.2.10/158
1_8024 User Flash Base Address Register (MCM_UFLASHBAR) 32 R/W 0000_0000h | 10.2.11/159
1.8028 (U,\j‘ngP_rsgrRa;”MRQMR)Base Address Register 32 R/W | 0000_0000h | 10.2.12/159
1_8030 Resource Protection Other Stack Pointer (MCM_SRPOSP) 32 R/W 0000_0000h | 10.2.13/160
1_8034 Memory Protection lllegal PC (MCM_SRPIPC) 32 R/W 0000_0000h | 10.2.14/160
1_8038 Resource Protection Misaligned PC (MCM_SRPMPC) 32 R/W 0000_0000h | 10.2.15/162
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10.2.1 Crossbar switch (AXBS) slave configuration (MCM_PLASC)

The PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device's Crossbar Switch (AXBS), plus a 1-bit flag defining the
internal datapath width (DP64). The state of this register is defined by a module input
signal; it can only be read from the programming model. Any attempted write is ignored.

Address: 1_8000h base + 8h offset = 1_8008h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read | DP64 0 ASC
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
MCM_PLASC field descriptions
Field Description
15 Indicates if the datapath is 32 or 64 bits wide
DP64

0 Datapath width is 32 bits
1 Datapath width is 64 bits

14-8 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the ASC field indicates if there is a corresponding connection to the AXBS slave input port. For
ASC this device, this field always read OxOF.

0 A bus slave connection to AXBS input port n is absent
1 A bus slave connection to AXBS input port n is present

10.2.2 Crossbar switch (AXBS) master configuration (MCM_PLAMC)

The PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's Crossbar Switch (AXBS). The state of this register is defined
by a module input signal; it can only be read from the programming model. Any
attempted write is ignored.

Address: 1_8000h base + Ah offset = 1_800Ah

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

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
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MCM_PLAMC field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the AMC field indicates if there is a corresponding connection to the AXBS master input port.
AMC For this device, this field always reads 0xOF.

0 A bus master connection to AXBS input port n is absent
1 A bus master connection to AXBS input port n is present

10.2.3 Core control register (MCM_CPCR)

The 32-bit CPCR provides a program-visible register for user-defined control functions.
Typically it controls the configuration of various chip-level modules. The upper word of
this register is used to control core functions.

Restriction

This register must be written in a 32-bit access to change the
core configuration.

The Test Bitfield instructions cannot be used on this register.

Address: 1_8000h base + Ch offset = 1_800Ch

Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R Reserved
§ w | o | o
a a [m)
% IBDIS 5:) 8 c£
2 =
w
Reset 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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MCM_CPCR field descriptions

Field Description
31 This field is reserved.
Reserved Must be written as 0. Writing 1 has unpredictable consequences for the timing of code execution. .
30-20 This read-only bitfield is reserved and is reset to zero. Do not write to this bitfield (write only zeros) or
Reserved indeterminate results will occur.

This field is reserved.

19 Disable core instruction buffer
IBDIS
0 Core longword instruction buffer enabled

1 Core longword instruction buffer disabled

18 Disable core new shadow region

SRDIS
When this bit is 1, only the AGU shadow registers supported by the DSP56800E core are enabled.

When this bit is 0, the additional AGU shadow registers on the DSP56800EX core are also enabled.

0 Core new shadow region enabled
1 Core new shadow region disabled

17 Disable core reverse carry

RCDIS
When this bit is 0, the core supports bit-reverse addressing mode.

When this bit is 1, the core does not support this mode.

0 Core reverse carry enabled
1 Core reverse carry disabled

16 Disable instructions supported only by DSP56800EX core
INSDIS

The instructions supported only by the DSP56800EX core are the BFSC and 32-bit multiply and MAC
instructions.

0 BFSC and 32-bit multiply and MAC instructions enabled
1 BFSC and 32-bit multiply and MAC instructions disabled

15-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.4 Core fault address register (MCM_CFADR)

The CFADR is a read-only register indicating the address of the last core access
terminated with an error response.

NOTE
This register is not initialized at reset, so its reset value is
unknown.
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Address: 1_8000h base + 10h offset = 1_8010h

Bit31302928272625242322212019181716|1514131211109876543210

R ADDR

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
¢ x = Undefined at reset.

MCM_CFADR field descriptions

Field Description
31-0 Indicates the faulting address of the last core access terminated with an error response.
ADDR

10.2.5 Core fault attributes register (MCM_CFATR)

The read-only CFATR register captures the processor’s attributes of the last faulted core
access to the system bus.

NOTE
This register is not initialized at reset, so its reset value is
unknown.
Address: 1_8000h base + 14h offset = 1_8014h
Bit 7 6 5 4 | 3 2 1 0
Read DIR SIZE 0 BUFFER 1 TYPE
Write
Reset x* x* x* x* x* X* X* X*
* Notes:

e x = Undefined at reset.

MCM_CFATR field descriptions

Field Description

7 Direction of last faulted core access

DIR
0 Core read access

1 Core write access

6-4 Size of last faulted core access
SIZE

000 8-bit

001 16-bit

Table continues on the next page...
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MCM_CFATR field descriptions (continued)

Field Description
010 32-bit
Else Reserved
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Indicates if last faulted core access was bufferable
BUFFER

0 Non-bufferable
1 Bufferable

1 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
0 Type of last faulted core access
TYPE

0 Instruction
1 Data

10.2.6 Core fault location register (MCM_CFLOC)

The read-only CFLOC register indicates the location of the last captured fault.

Address: 1_8000h base + 15h offset = 1_8015h

Bit 7 6 5 4 3 2 1 0
Read LOC 0
Write
Reset 0 0 0 0 0 0 0 0
MCM_CFLOC field descriptions
Field Description
7-6 Location of last captured fault
LOC

00 Error occurred on MO (instruction bus)
01  Error occured on M1 (operand A bus)
10 Error occured on M2 (operand B bus)
11 Reserved

5-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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10.2.7 Core fault interrupt enable register (MCM_CFIER)

The CFIER register enables the system bus-error interrupt.

Address: 1_8000h base + 16h offset = 1_8016h

Bit 7 6 5 4 | 3 2 1 0

Read | popg

Write

Reset 0 0 0 0 0 0 0 0

MCM_CFIER field descriptions
Field Description
7 Enable core fault error interrupt

ECFEI

0 Do not generate an error interrupt on a faulted system bus cycle
1 Generate an error interrupt to the interrupt controller on a faulted system bus cycle

6-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.8 MCM interrupt status register (MCM_CFISR)

This register indicates if a core fault interrupt has occured.

Address: 1_8000h base + 17h offset = 1_8017h

Bit 7 6 5 4 | 3 2 1 0
Read CFEI
Write wic
Reset 0 0 0 0 0 0 0 0
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MCM_CFISR field descriptions

Field Description

7 Core fault error interrupt flag

CFEI
Indicates if a bus fault has occurred. Writing a 1 clears this bit and negates the interrupt request. Writing a

0 has no effect.

NOTE: This bit reports core faults regardless of the setting of CFIER[ECFEI]. Therefore, if the error
interrupt is disabled and a core fault occurs, this bit is set. Then, if the error interrupt is
subsequently enabled, an interrupt is immediately requested. To prevent an undesired interrupt,
clear the captured error by writing one to CFEI before enabling the interrupt.

0 No bus error
1 A bus error has occurred. The faulting address, attributes (and possibly write data) are captured in the
CFADR, CFATR, and CFDTR registers. The error interrupt is enabled only if CFIER[ECFEI] is set.

6-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.9 Core fault data register (MCM_CFDTR)

The CFDTR is a read-only register for capturing the data associated with the last faulted
processor write data access from the device’s internal bus. The CFDTR is valid only for
faulted internal bus-write accesses; CFLOC[LOC] is cleared.

NOTE
This register is not initialized at reset, so its reset value is
unknown.

Address: 1_8000h base + 18h offset = 1_8018h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R DATA

*

* *

X X X' x* X' x* ox* x* x*x

Reset X* X-A- X* X* X* X X X* X* X* X* X* X-A- X* X* X* X

* Notes:
¢ x = Undefined at reset.

MCM_CFDTR field descriptions

Field Description

31-0 Contains write data associated with the faulting access of the last internal bus write access. The data
DATA value is taken directly from the write data bus.

NOTE
Read data is not captured.
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10.2.10 Resource Protection Control Register (MCM_RPCR)

This register enables/disables memory resource protection (MRP) and locks/unlocks the
values of the RP-related registers.

The DSC core provides resource protection functionality. Refer to the detailed MRP
description for more information about how to use the RPCR and other RP registers.

NOTE
The following write accesses to the resource protection
registers are ignored and result in a bus error:
* Any non-32-bit write
* Any attempted write when resource protection hardware
features are not enabled
* Any attempted write when RPCR[RL] is set (reads are
allowed when RPCR[RL] is set)

The bus error interrupt must be enabled; otherwise, the errors
are ignored by the DSC core.

Address: 1_8000h base + 20h offset = 1_8020h

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

MCM_RPCR field descriptions

Field Description
31-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Register Lock
RL

This bit controls whether the values of the UFLASHBAR, UPRAMBAR, SRPOSP, SRPIPC, and SRPMPC
registers can be modified.

0 RP register values may be changed
1 RP registers are locked and may not be changed until after a system reset

0 Resource Protection Enable
RPE
0 Resource protection disabled

1 Resource protection enabled
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Chapter 10 Miscellaneous Control Module (MCM)

10.2.11 User Flash Base Address Register (MCM_UFLASHBAR)

This register defines the size of the portion of flash memory that is used for supervisor
space when resource protection is enabled. The register can be used only when the
RPCR[RPE] bit is 1, and its value can be changed only when the RPCR[RL] bit is O.

Address: 1_8000h base + 24h offset = 1_8024h

Bit31302928272625242322212019181716|1514131211109876543210

R 0 FBA 0
W

ResetOOOO000000OOOOOO|OOOOOOOOOOOOOOOO

MCM_UFLASHBAR field descriptions

Field Description
31-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17-12 Flash Base Address for User Region
FBA
Supports 4 KB granularity
11-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.12 User Program RAM Base Address Register
(MCM_UPRAMBAR)

This register defines the size of the portion of program RAM that is used for supervisor
space when resource protection is enabled. The register can be used only when the
RPCR[RPE] bit is 1, and its value can be changed only when the RPCR[RL] bit is O.

Address: 1_8000h base + 28h offset = 1_8028h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

RBA 0

Reset 0 O 0 0O 0O 0O OOOO OOOOTOT O|OOOO OGOOO OOOTOOUOOOUOTGO

MCM_UPRAMBAR field descriptions

Field Description
31-15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14-8 Program RAM Base Address for User Region
RBA
Supports 256 byte granularity

Table continues on the next page...
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MCM_UPRAMBAR field descriptions (continued)

Field Description
7-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.13 Resource Protection Other Stack Pointer (MCM_SRPOSP)

This register can be used only when the RPCR[RPE] bit is 1, and its value can be
changed only when the RPCR[RL] bit is 0.

Address: 1_8000h base + 30h offset = 1_8030h

Bit31302928272625242322212019181716|1514131211109876543210

R 0 SRPOSP
W

ResetOO00000000000000|0000000000000000

MCM_SRPOSP field descriptions

Field Description
31-24 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
230 Resource protection "other" SP

SRPOSP

10.2.14 Memory Protection lllegal PC (MCM_SRPIPC)

This register can be used only when the RPCR[RPE] bit is 1, and its value can be
changed only when the RPCR[RL] bit is 0.

This register's fault indicators apply only to faults resulting from supervisor and user
access errors when resource protection is in effect. Other faults are not indicated in this
register.

Address: 1_8000h base + 34h offset = 1_8034h

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

w
=

SRPIFPC

By
SRPIFV
o
o

W | wic

Reset 0
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Chapter 10 Miscellaneous Control Module (MCM)

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

R SRPIFPC

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

MCM_SRPIPC field descriptions

Field Description

31 Resource Protection lllegal Fault Valid

SRPIFV
When set, this bit indicates an RP illegal PC fault has occurred and the contents of SRPIFPC and

SRPIFOR fields are valid. A write of 1 to this bit clears both the SRPIFOR and SRPIFV bits.

30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20-0 Resource Protection lllegal Faulting PC
SRPIFPC

This is the 21-bit illegal faulting PC only for a resource protection fault.
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10.2.15 Resource Protection Misaligned PC (MCM_SRPMPC)

This register's fault indicators apply only to faults resulting from supervisor and user
access errors when resource protection is in effect. Other faults are not indicated in this

register.

Address: 1_8000h base + 38h offset = 1_8038h

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

w
g

SRPMFPC

By
SRPMFV
o

<)

W | wic
Reset 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R SRPMFPC

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

MCM_SRPMPC field descriptions

Field Description

31 Resource Protection Misaligned Fault Valid

SRPMFV
When set, this bit indicates an RP misaligned PC fault has occurred and the contents of the SRPMFPC

and SRPMFOR fields are valid. A write of 1 to this bit clears both the SRPMFOR and SRPMFYV bits.

30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20-0 Resource Protection Misaligned Faulting PC
SRPMFPC

This is the 21-bit misaligned faulting PC only for a resource protection data access fault.
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10.3 Functional Description

This section describes the functional description of MCM module.

10.3.1 Core Data Fault Recovery Registers

To aid in recovery from certain types of access errors, the MCM module supports a
number of registers that capture access address, attribute, and data information on bus
cycles terminated with an error response. These registers can then be read during the
resulting exception service routine and the appropriate recovery performed.

The details on the core fault recovery registers are provided in the above sections. It is
important to note these registers are used to capture fault recovery information on any
processor-initiated system bus cycle terminated with an error.
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Chapter 11
System Integration Module (SIM)

11.1 Introduction

This specification describes the operation and functionality of the System Integration
Module for this device.

11.1.1 Overview

The System Integration Module (SIM) provides a variety of system control and status
functions.

The system integration module is responsible for the following control/status functions:
e Reset control and status
» User accessible Software Control Registers which reset only at power on.
* Internal clock generation
» Implementation of STOP and WAIT low power modes and related clock gating
e System status registers
» Registers for software access to the JTAG ID of the chip and suggested trim values
set at the factory
* Short addressing controls
» Test registers
e External and internal peripheral signal muxing control

11.1.2 Features

The SIM interacts with a variety of other on-chip resources and provides the following
services:
* Controls and sequences the release of internal reset signals.
* Generates pipelined system clocks including management of holdoffs and core stalls.
* Generates peripheral clocks configurable over power modes.
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* Manages low power mode entry and exit.

* Provides clock rate controls for selected peripherals.

* Selects the active peripheral function for IO when it is not used as GPIO.

* Provides write protection for safety critical memory mapped registers.

* Controls certain DSC core functions, including the base for short addressing mode
and enablement of the test access port (TAP) and debug mode entry as well as core
low power modes.

* Controls voltage regulator.

* Selects CLKOUT clock source.

 Controls inter-peripheral muxing and signal relationships.

11.1.3 Modes of Operation

Since the SIM is responsible for distributing clocks and resets across the chip, it must
understand the various chip operating modes and take appropriate action. These include:
« RESET Modes:This is the sequencing of reset deassertion as part comes out of reset.
* Clock Reset Mode: The DSC processor, all peripherals, and the CLKGEN
module are all in reset.
* System and Core Reset Mode: Clocks activate while the DSC core and
peripherals remain in reset.
* Core-Only Reset Mode: DSC core in reset while peripherals are activated.

NOTE
Core-only reset mode is required to provide time for the on-
chip flash interface units to load part configuration data from
flash and establish the boot address.

* RUN Mode: This is the primary mode of operation for this device. In this mode, the
processor clocks, system clocks, and all enabled peripheral clocks are operational.

* Debug Mode: The DSC processor is in debug mode (controlled via JTAG/EOnCE).
All system and peripheral clocks with the exception of the COP and PWM'’s continue
to run. The COP is disabled in debug mode and PWM outputs are optionally disabled
(see the PWM details) to bypass undesired motor control operations.

* WAIT Mode: In WAIT mode, the core clock and system clocks are disabled but all
enabled peripheral clocks continue to operate. The COP can optionally be stopped in
WAIT mode. Similarly, the PWM outputs can optionally be switched off in WAIT
mode to disable any motor from being driven.

* STOP Mode: In STOP mode, the core clock and system clocks are disabled.
Individual peripheral clocks are also disabled unless specifically configured in the
SIM to continue running in STOP mode (useful for generating STOP recovery
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Chapter 11 System Integration Module (SIM)
interrupts from selected devices). The COP can optionally be stopped in STOP mode.
If desired, the OCCS may be configured to disable the PLL and/or select a lower
frequency clock source prior to entering STOP mode.

NOTE
The power management controller (PMC) provides additional
control of power consumption by supporting low-power states
with reduced regulator drive capacity. The on-chip clock
system (OCCS) module also influences power consumption by
controlling the operating frequency of the system and
peripheral clocks and by supporting the powering down of
unused clock sources.

11.1.4 Block Diagram

The following diagram depicts the System Integration Module.
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Chapter 11 System Integration Module (SIM)

11.2 Memory Map and Register Descriptions

A write to an address without an associated register is a NOP. A read from an address

without an associated register returns unknown data.

SIM memory map

I;ZZC:::: Register name (ivr\rligitt:) Access | Reset value Si‘:;‘;n/

(hex)

E400 Control Register (SIM_CTRL) 16 R/W 00COh 11.2.1/170
E401 Reset Status Register (SIM_RSTAT) 16 R/W 0004h 11.2.2/172
E402 Software Control Register (SIM_SCRO0) 16 R/W 0000h 11.2.3/173
E403 Software Control Register (SIM_SCR1) 16 R/W 0000h 11.2.4/174
E404 Software Control Register (SIM_SCR2) 16 R/W 0000h 11.2.5/174
E405 Software Control Register (SIM_SCR3) 16 R/W 0000h 11.2.6/174
E406 Most Significant Half of JTAG ID (SIM_MSHID) 16 R 16B4h 11.2.7175
E407 Least Significant Half of JTAG ID (SIM_LSHID) 16 R 801Dh 11.2.8/176
E408 Power Control Register (SIM_PWR) 16 R/W 0000h 11.2.9/177
E40A Clock Output Select Register (SIM_CLKOUT) 16 R/W 1020h 11.2.10/178
E40B Peripheral Clock Rate Register (SIM_PCR) 16 R/W 0000h 11.2.11/180
E40C Peripheral Clock Enable Register 0 (SIM_PCEOQ) 16 R/W 0000h 11.2.12/181
E40D Peripheral Clock Enable Register 1 (SIM_PCE1) 16 R/W 0000h 11.2.13/183
E40E Peripheral Clock Enable Register 2 (SIM_PCE2) 16 R/W 0000h 11.2.14/185
E40F Peripheral Clock Enable Register 3 (SIM_PCE3) 16 R/W 0000h 11.2.15/186
E410 STOP Disable Register 0 (SIM_SDO0) 16 R/W 0000h 11.2.16/187
E411 Peripheral Clock STOP Disable Register 1 (SIM_SD1) 16 R/W 0000h 11.2.17/190
E412 Peripheral Clock STOP Disable Register 2 (SIM_SD2) 16 R/W 0000h 11.2.18/192
E413 Peripheral Clock STOP Disable Register 3 (SIM_SD3) 16 R/W 0000h 11.2.19/195
E414 I/O Short Address Location Register (SIM_IOSAHI) 16 R/W 0000h 11.2.20/196
E415 I/O Short Address Location Register (SIM_IOSALO) 16 R/W 0380h 11.2.21/197
E416 Protection Register (SIM_PROT) 16 R/W 0000h 11.2.22/198
E417 GPIOA LSBs Peripheral Select Register (SIM_GPSAL) 16 R/W 0000h 11.2.23/200
E418 GPIOB MSBs Peripheral Select Register (SIM_GPSBH) 16 R/W 0000h 11.2.24/201
E419 GPIOC LSBs Peripheral Select Register (SIM_GPSCL) 16 R/W 0000h 11.2.25/202
E41A GPIOC MSBs Peripheral Select Register (SIM_GPSCH) 16 R/W 0000h 11.2.26/203
E41B GPIOD LSBs Peripheral Select Register (SIM_GPSDL) 16 R/W 0000h 11.2.27/205
E41C GPIOE LSBs Peripheral Select Register (SIM_GPSEL) 16 R/W 0000h 11.2.28/205
E41D GPIOE MSBs Peripheral Select Register (SIM_GPSEH) 16 R/W 0000h 11.2.29/206

Table continues on the next page...
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SIM memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
E41E GPIOF LSBs Peripheral Select Register (SIM_GPSFL) 16 R/W 0000h 11.2.30/207
E41F GPIOF MSBs Peripheral Select Register (SIM_GPSFH) 16 R/W 0000h 11.2.31/208
E420 GPIOG LSBs Peripheral Select Register (SIM_GPSGL) 16 R/W 0000h 11.2.32/210
E421 GPIOG MSBs Peripheral Select Register (SIM_GPSGH) 16 R/W 0000h 11.2.33/211
E422 Internal Peripheral Select Register 0 (SIM_IPSO0) 16 R/W 0000h 11.2.34/212
E423 Miscellaneous Register 0 (SIM_MISCO) 16 R/W 0000h 11.2.35/214
E424 Peripheral Software Reset Register 0 (SIM_PSWRO0) 16 R/W 0000h 11.2.36/215
E425 Peripheral Software Reset Register 1 (SIM_PSWR1) 16 R/W 0000h 11.2.37/216
E426 Peripheral Software Reset Register 2 (SIM_PSWR2) 16 R/W 0000h 11.2.38/218
E427 Peripheral Software Reset Register 3 (SIM_PSWR3) 16 R/W 0000h 11.2.39/220
E428 Power Mode Register (SIM_PWRMODE) 16 R/W 0000h 11.2.40/221
Non-Volatile Memory Option Register 2 (High)
E42C (SIM_NVMOPT2H) 16 R 0220h 11.2.41/222
Non-Volatile Memory Option Register 2 (Low)
E42D (SIM_NVMOPT2L) 16 R 7100h 11.2.42/222
Non-Volatile Memory Option Register 3 (High)
E42E (SIM_NVMOPT3H) 16 R 0000h 11.2.43/223
11.2.1 Control Register (SIM_CTRL)
Address: E400h base + Oh offset = E400h
Bit 15 14 13 12 | 11 10 9 8
Read 0 RST_FILT 0 DMAEDI
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
fead DMAED| OnceEbl | SWRst STOP_disable WAIT_disable
Reset 1 1 0 0 0 0 0 0
SIM_CTRL field descriptions
Field Description
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 External Reset Padcell Input Filter Enable
RST_FILT
This input controls an optional analog input filter on the padcell supporting the external reset input
function. When enabled, the filter removes transient signals on the input at the expense of an increased
input delay. When enabled, the filter affects all input functions supported by that padcell, including GPIO.

Table continues on the next page...
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Chapter 11 System Integration Module (SIM)
SIM_CTRL field descriptions (continued)

Field Description
This bit is reset on POR only. The filter has two basic applications. When this pad is configured as an
output function such as a GPIO output and the part is reset, the filter can remove transients that might
result in a false indication of an external reset assertion in the SIM's RSTAT register. When this padcell is
configured as the external reset input, the filter can filter out noise on the external reset to reduce the
chance of an unintended external reset assertion.
The filter delay should be considered before enabling the filter, especially for safety critical applications.
0 Input filter on external reset disabled
1 Input filter on external reset enabled
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8-6 DMA Enable
DMAEDI
This field controls whether DMA is enabled in RUN, WAIT, RUN and WAIT, or all modes. The DMA
functions as a system bus master capable of performing 10 on any address in data space. It also contains
memory mapped registers through which it is configured. The DMA must be enabled to function either as
a system bus master or to perform 10 to its memory mapped registers.
NOTE: The DMA incorporates synchronous reset logic and must therefore be powered on at reset. It
may subsequently be powered down at any time when not in use.
NOTE: Entry to stop mode affects in-progress DMA transactions differently than does entry to wait mode:
* When the DMA module is configured to be disabled in stop mode: If any DMA transaction is
in progress during stop mode entry, the transaction will complete before the MCU gates the
DMA controller's clock.
¢ When the DMA module is configured to be disabled in wait mode:
 If any DMA transaction is in progress during wait mode entry, the transaction might
be incomplete and end prematurely when the MCU gates the DMA controller's clock.
¢ To avoid data loss, the user's application must ensure no DMA transaction is in
progress during the entry to wait mode.
000 DMA module is disabled.
001 DMA module is enabled in run mode only.
010 DMA module is enabled in run and wait modes only.
011 DMA module is enabled in all power modes.
100 DMA module is disabled and the DMAEDI field is write protected until the next reset.
101 DMA module is enabled in run mode only and the DMAEDI field is write protected until the next
reset.
110 DMA module is enabled in run and wait modes only and the DMAEDI field is write protected until the
next reset.
111 DMA module is enabled in all low power modes and the DMAEDbI field is write protected until the
next reset.
5 OnCE Enable
OnceEbl
0 The OnCE clock to the DSC core is enabled when the core TAP is enabled.
1 The OnCE clock to the DSC core is always enabled.
4 SOFTWARE RESET
SWRst - o )
Writing a 1 to this field causes a device reset.
3-2 STOP Disable
STOP_disable
00 Stop mode is entered when the DSC core executes a STOP instruction.
Table continues on the next page...
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SIM_CTRL field descriptions (continued)

Field Description

01 The DSC core STOP instruction does not cause entry into stop mode.

10 Stop mode is entered when the DSC core executes a STOP instruction, and the STOP_disable field
is write protected until the next reset.

11 The DSC core STOP instruction does not cause entry into stop mode, and the STOP_disable field is
write protected until the next reset.

1-0 WAIT Disable
WAIT_disable

00 Wait mode is entered when the DSC core executes a WAIT instruction.

01 The DSC core WAIT instruction does not cause entry into wait mode.

10 Wait mode is entered when the DSC core executes a WAIT instruction, and the WAIT_disable field is
write protected until the next reset.

11 The DSC core WAIT instruction does not cause entry into wait mode, and the WAIT_disable field is
write protected until the next reset.

11.2.2 Reset Status Register (SIM_RSTAT)

This register is updated upon any system reset and indicates the cause of the most recent
reset. It also controls whether the COP reset vector or regular reset vector in the vector
table is used. This register is asynchronously reset during power-on reset and
subsequently is synchronously updated based on the level of the external reset, software
reset, or COP reset inputs. It is one-hot encoded, and only one source is ever indicated. In
the event that multiple reset sources assert simultaneously, the source with highest
precedence is indicated. The precedence from highest to lowest is POR, EXTR,
COP_LOR, COP_CPU, SWR, and EZPR. POR is always set during a power-on reset;
however, POR is cleared and EXTR is set if the external reset pin is asserted or remains
asserted after the power-on reset has deasserted.

Address: E400h base + 1h offset = E401h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0

Read

Write
Reset 0 0 0 0 0 1 0 0

MC56F844xx Reference Manual, Rev. 1, 06/2012

172 Preliminary Freescale Semiconductor, Inc.
General Business Information




Chapter 11 System Integration Module (SIM)
SIM_RSTAT field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 EzPort Reset Request
EZPR
When set, this bit indicates that the previous system reset occurred as a result of an EzPort reset (Reset
request executed by EzPort). It does not set if a SWR, a COP reset, an external reset, or a POR also
occurred.
6 Software Reset
SWR
When set, this bit indicates that the previous system reset occurred as a result of a software reset (1
written to the SWRst bit of the SIM's CTRL register). SWR is not set if a COP reset, external reset, or POR
also occurred.
5 COP CPU Time-out Reset
COP_CPU
When set, this bit indicates that the previous system reset was caused when the computer operating
properly (COP) module signaled a CPU time-out reset. COP_CPU is not set if an external reset, POR, or
COP loss of reference reset also occurred. If COP_CPU is set as code starts executing, the COP reset
vector in the vector table is used. Otherwise, the normal reset vector is used.
4 COP Loss of Reference Reset
COP_LOR
When set, this bit indicates that the previous system reset was caused when the computer operating
properly (COP) module signaled a loss of reference clock reset. COP_LOR is not set if an external or POR
also occurred. If COP_LOR is set as code starts executing, the COP reset vector in the vector table is
used. Otherwise, the normal reset vector is used.
3 External Reset
EXTR
When set, this bit indicates that the previous system reset was caused by an external reset. EXTR is set
only if the external reset pin was asserted or remained asserted after the power-on reset deasserted.
2 Power-on Reset
POR
This bit is set by a power-on reset.
1-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.3 Software Control Register (SIM_SCRO0)

Address: E400h base + 2h offset = E402h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write SCRO
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCRO field descriptions

Field Description

15-0 Software Control Data

SCRO

This field is for general-purpose use by software. It is reset only by a power-on reset.
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11.2.4 Software Control Register (SIM_SCR1)

Address: E400h base + 3h offset = E403h

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

Read
Write SCR1

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCR1 field descriptions

Field Description
15-0 Software Control Data
SCR1 )
This field is for general-purpose use by software. It is reset only by a power-on reset.

11.2.5 Software Control Register (SIM_SCR2)

Address: E400h base + 4h offset = E404h

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

Read
Write SCR2

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCR2 field descriptions

Field Description
15-0 Software Control Data
SCR2 .
This field is for general-purpose use by software. It is reset only by a power-on reset.

11.2.6 Software Control Register (SIM_SCR3)

Address: E400h base + 5h offset = E405h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write SCR3

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCRS field descriptions

Field Description
15-0 Software Control Data
SCR3 o )
This field is for general-purpose use by software. It is reset only by a power-on reset.
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11.2.7 Most Significant Half of JTAG ID (SIM_MSHID)

This read-only register returns the most significant half of the JTAG ID for the device.

Address: E400h base + 6h offset = E406h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 1 0 1 1 0 1 0 1 1 0 1 0 0
SIM_MSHID field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
1-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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11.2.8 Least Significant Half of JTAG ID (SIM_LSHID)

This read-only register returns the least significant half of the JTAG ID for the device.

Address: E400h base + 7h offset = E407h

Bit 15 14 13 12 11 10 9 8 | 7 6 3 2 1 0
Read
Write
Reset 1 0 0 0 0 0 0 0 0 1 1 0 1
SIM_LSHID field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
14-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
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11.2.9 Power Control Register (SIM_PWR)

This register contains control fields used to enable/disable the standby and powerdown
modes of the large and small voltage regulators in the Power Management Controller
module. The large regulator supplies digital standard cell core logic. The small regulator
2.7 V supply powers digital logic in hard blocks. The register independently controls the
regulator mode. However, if the FTFL module's FOPT[0] bit is 1 (reflecting a power
mode selection via the Flash Option register), writing to these control bits does not affect
the regulators.

Address: E400h base + 8h offset = E408h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_PWR field descriptions

SR12STDBY | SR27PDN |SR27STDBY| LRSTDBY

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 Small Regulator 1.2 V Supply Standby Control
SR12STDBY

This field controls the standby mode of the 1.2 V supply from the small voltage regulator. Standby mode
has restricted drive capacity but substantially reduces power consumption. The field value can be
optionally write protected.

00 Small regulator 1.2 V supply placed in normal mode (default).
01 Small regulator 1.2 V supply placed in standby mode.
10 Small regulator 1.2 V supply placed in normal mode and SR12STDBY is write protected until chip

reset.
11 Small regulator 1.2 V supply placed in standby mode and SR12STDBY is write protected until chip
reset.
5-4 Small Regulator 2.7 V Supply Powerdown Control
SR27PDN
This field controls the powerdown mode of the 2.7 V supply from the small voltage regulator. Powerdown
mode shuts down the 2.7 V regulated supply from the small regulator and eliminates its power
consumption. Analog modules powered by this supply should themselves be powered down before
entering this mode. These controls are located in the OCCS module..
00 Small regulator placed in normal mode (default).
01 Small regulator placed in powerdown mode.
10 Small regulator placed in normal mode and SR27PDN is write protected until chip reset.
11 Small regulator placed in powerdown mode and SR27PDN is write protected until chip reset.
3-2 Small Regulator 2.7 V Supply Standby Control
SR27STDBY

Table continues on the next page...
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Field Description

This field controls the standby mode of the 2.7 V supply from the small voltage regulator. Standby mode
has restricted drive capacity but substantially reduces power consumption. The field value can be
optionally write protected.

00 Small regulator 2.7 V supply placed in normal mode (default).
01 Small regulator 2.7 V supply placed in standby mode.
10 Small regulator 2.7 V supply placed in normal mode and SR27STDBY is write protected until chip

reset.
11 Small regulator 2.7 V supply placed in standby mode and SR27STDBY is write protected until chip
reset.
1-0 Large Regulator Standby Control

LRSTDBY
This field controls the standby mode of the primary on-device voltage regulator. Standby mode reduces

overall device power consumption but places significant constraints on the allowed operating frequency.
Refer to the Power Management Controller module's description for details on standby mode. The field
value can optionally be write protected.

00 Large regulator placed in normal mode (default).

01 Large regulator placed in standby mode.

10 Large regulator placed in normal mode and LRSTDBY is write protected until device reset.
11 Large regulator placed in standby mode and LRSTDBY is write protected until device reset.

11.2.10 Clock Output Select Register (SIM_CLKOUT)

This register can be used to multiplex selected clocks generated inside the clock
generation, SIM, and other internal modules onto the SIM CLKOUT clock output signal.
This signal, in turn, is typically available to be brought out to an external pad. Glitches
may be produced when the clock is enabled or switched. The delay from the clock source
to the output is unspecified. The visibility of the waveform on the CLKOUT on an
external pad is subject to the frequency limitations of the associated I/O cell.

Address: E400h base + Ah offset = E40Ah

Bit 15 14 13 12 11 10 9 8
fead CLKODIV CLKDIST Reserved CLKOSELA
Reset 0 0 0 1 0 0 0 0

Bit 7 6 5 4 | 3 2 1 0
fiead | 6| KOSEL1 | Reserved | CLKDISO Reserved CLKOSELO
Reset 0 0 1 o | o 0 0 0
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SIM_CLKOUT field descriptions

Field Description
15-13 CLKOUT divide factor
CLKODIV
Configures dividers on the CLKOUT0 and CLKOUT1 outputs used to reduce output frequencies to levels
supported by their respective pad cells.
000 Divide by 1
001 Divide by 2
010 Divide by 4
011 Divide by 8
100 Divide by 16
101 Divide by 32
110 Divide by 64
111 Divide by 128
12 Disable for CLKOUT1
CLKDISH
0 CLKOUT1 output is enabled and outputs the signal indicated by CLKOSELA1
1 CLKOUT1 is disabled
11-10 This field is reserved.
Reserved Always write 0 to this field for normal operation.
9-7 CLKOUT1 Select
CLKOSELA1
Selects the clock source for the CLKOUT1 pin. The internal delay to the CLKOUT1 output is unspecified.
The signal at the output pad is undefined when the CLKOUT1 signal frequency exceeds the rated
frequency of the 10 cell. CLKOUT1 may glitch when CLKDIS1, CLKOSEL1, or CLKODIV settings are
changed.
NOTE: Propagation of CLKOUT1 to an external pad requires the proper setting of the related GPSn and
GPIOn_PER fields.
The following settings define the signal to be output on CLKOUT1 based on the setting of the associated
CLKDIS and CLKOSEL fields.
000 Function = BUS_CLK continuous after reset
001 Function = 2X_BUS_CLK continuous after reset
010 Function = DIV4_BUS_CLK continuous after reset
011  Function = MSTR_OSC (master clock) continuous after reset
100 Function = ROSC_8M (8 MHz / 400 kHz relaxation oscillator clock)
101  Function = ROSC_32K (32 kHz relaxation oscillator clock)
110 Reserved. For normal operation, do not write 11x.
111 Reserved. For normal operation, do not write 11x.
6 This field is reserved.
Reserved Always write 0 to this bit for normal operation.
5 Disable for CLKOUTO
CLKDISO
0 CLKOUTO output is enabled and outputs the signal indicated by CLKOSELO
1 CLKOUTO is disabled
4-3 This field is reserved.
Reserved Always write 0 to this field for normal operation.
2-0 CLKOUTO Select
CLKOSELO
Table continues on the next page...
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Field Description

Selects the clock source for the CLKOUTO pin. The internal delay to the CLKOUTO output is unspecified.
The signal at the output pad is undefined when the CLKOUTO signal frequency exceeds the rated
frequency of the 10 cell. CLKOUTO may glitch when CLKDIS0, CLKOSELO, or CLKODIV settings are
changed.

NOTE: Propagation of CLKOUTO to an external pad requires the proper setting of the related GPSn and
GPIOn_PER fields.

The following settings define the signal to be output on CLKOUTO based on the setting of the associated
CLKDIS and CLKOSEL fields.

000 Function = BUS_CLK continuous after reset

001 Function = 2X_BUS_CLK continuous after reset

010 Function = DIV4_BUS_CLK continuous after reset

011  Function = MSTR_OSC (master clock) continuous after reset

100 Function = ROSC_8M (8 MHz / 400 kHz relaxation oscillator clock)
101 Function = ROSC_32K (32 kHz relaxation oscillator clock)

110 Reserved. For normal operation, do not write 11x.

111 Reserved. For normal operation, do not write 11x.

11.2.11 Peripheral Clock Rate Register (SIM_PCR)

By default, all peripherals are clocked at the system clock rate. Selected peripherals
clocks can be clocked at two times this normal rate. This register enables high-speed
clocking for peripherals that support it. High-speed peripheral clocking is dependent on
the mstr_2x clock output of the OCCS.

Peripherals should not be left in an enabled or operating mode while reconfiguring their
clocks using the controls in the SIM or OCCS module. PCR bits should therefore be
changed only while the applicable peripheral is disabled. Refer to the peripheral's
description for details.

When a peripheral operates in high-speed mode, the I/O rate to the peripheral remains
limited to the system clock rate because that is the rate at which the processor operates.
For peripherals with a single clock input, that clock operates at the high-speed rate and a
high-speed I/0 gasket is used to coordinate I/O with the processor. For peripherals with
separate I/O and "run" clocks, the I/O clock operates at the normal peripheral clock rate
and only the "run" clock operates at the 2x high-speed rate.

Address: E400h base + Bh offset = E40Bh

Bit 15 14 13 12 | 11 10 9 8

Read 0 SCI0O_CR | SCI1_CR
Write

Reset 0 0 0 0
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Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0

SIM_PCR field descriptions

Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 SCIO0 Clock Rate
SCIO_CR

This bit selects the clock speed for the SCI0 module.

0 SCIO clock rate equals core clock rate (default)
1 SCIO clock rate equals 2X core clock rate

12 SCI1 Clock Rate
SCI1_CR

This bit selects the clock speed for the SCI1 module.

0 SCI1 clock rate equals core clock rate (default)
1 SCI1 clock rate equals 2X core clock rate

11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.12 Peripheral Clock Enable Register 0 (SIM_PCEOQ)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

NOTE
The FTFL (flash) module does not have a PCE bit because it
does not have a separate, distinct peripheral clock.
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Address: E400h base + Ch offset = E40Ch

Bit 15 14 13 12 11 10 9 8
fead | 1A TA1 TA2 TA3 TBO TB1 TB2 B3
rite
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read 0
Writ GPIOA GPIOB GPIOC GPIOD GPIOE GPIOF GPIOG
rite
Reset 0 0 0 0 0 0 0 0
SIM_PCEO field descriptions
Field Description
15 TMRAO IPBus Clock Enable
TAO
0 The peripheral is not clocked.
1 The peripheral is clocked.
14 TMRAT1 IPBus Clock Enable
TA1
0 The peripheral is not clocked.
1 The peripheral is clocked.
13 TMRAZ2 IPBus Clock Enable
TA2
0 The peripheral is not clocked.
1 The peripheral is clocked.
12 TMRAS3 IPBus Clock Enable
TA3
0 The peripheral is not clocked.
1 The peripheral is clocked.
11 TMRBO IPBus Clock Enable
TBO
0 The peripheral is not clocked.
1 The peripheral is clocked.
10 TMRB1 IPBus Clock Enable
TB1
0 The peripheral is not clocked.
1 The peripheral is clocked.
9 TMRB2 IPBus Clock Enable
B2
0 The peripheral is not clocked.
1 The peripheral is clocked.
8 TMRB3 IPBus Clock Enable
TB3
0 The peripheral is not clocked.
1 The peripheral is clocked.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 GPIOA IPBus Clock Enable
GPIOA
0 The peripheral is not clocked.
1 The peripheral is clocked.

Table continues on the next page...
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SIM_PCEO field descriptions (continued)

Field Description

5 GPIOB IPBus Clock Enable
GPIOB

0 The peripheral is not clocked.
1 The peripheral is clocked.

4 GPIOC IPBus Clock Enable
GPIOC

0 The peripheral is not clocked.
1 The peripheral is clocked.

3 GPIOD IPBus Clock Enable
GPIOD

0 The peripheral is not clocked.
1 The peripheral is clocked.

2 GPIOE IPBus Clock Enable
GPIOE

0 The peripheral is not clocked.
1 The peripheral is clocked.

1 GPIOF IPBus Clock Enable
GPIOF

0 The peripheral is not clocked.
1 The peripheral is clocked.

0 GPIOG IPBus Clock Enable
GPIOG

0 The peripheral is not clocked.
1 The peripheral is clocked.

11.2.13 Peripheral Clock Enable Register 1 (SIM_PCE1)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Dh offset = E40Dh

Bit 15 14 13 12 11 10 9 8
Read 0 DAC SCIo SCI 0 QSPI0 QSPI1
Write
Reset 0 0 0 0 0 0 0 0
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Bit 7 6 5 4 | 3 2 0
Read 0 11Co IC1 FLEXCAN
Write
Reset 0 0 0 0
SIM_PCEH1 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 DAC IPBus Clock Enable
DAC
0 The peripheral is not clocked.
1 The peripheral is clocked.
12 SCIO0 IPBus Clock Enable
SCIo
0 The peripheral is not clocked.
1 The peripheral is clocked.
11 SCI1 IPBus Clock Enable
SCIH
0 The peripheral is not clocked.
1 The peripheral is clocked.
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 QSPI0 IPBus Clock Enable
QSPIO
0 The peripheral is not clocked.
1 The peripheral is clocked.
8 QSPI1 IPBus Clock Enable
QSPI1
0 The peripheral is not clocked.
1 The peripheral is clocked.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 [ICO IPBus Clock Enable
|[e]0]
0 The peripheral is not clocked.
1 The peripheral is clocked.
5 [IC1 IPBus Clock Enable
lIC1
0 The peripheral is not clocked.
1 The peripheral is clocked.
41 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 FlexCAN IPBus Clock Enable
FLEXCAN

0 The peripheral is not clocked.
1 The peripheral is clocked.
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11.2.14 Peripheral Clock Enable Register 2 (SIM_PCE?2)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Eh offset = E40Eh

Bit 15 14 13 12 1 10 9 8
Read 0 CMPA CMPB CMPC CMPD | SARADC
Write
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Read | cycapc 0 CRC QDC PITO PIT1 PDBO PDB1
Write
Reset 0 0 0 0 0 0 0 0

SIM_PCE?2 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMPA IPBus Clock Enable (enables both CMP and 6-bit reference DAC)
CMPA
0 The peripheral is not clocked.
1 The peripheral is clocked.
11 CMPB IPBus Clock Enable (enables both CMP and 6-bit reference DAC)
CMPB
0 The peripheral is not clocked.
1 The peripheral is clocked.
10 CMPC IPBus Clock Enable (enables both CMP and 6-bit reference DAC)
CMPC
0 The peripheral is not clocked.
1 The peripheral is clocked.
9 CMPD IPBus Clock Enable (enables both CMP and 6-bit reference DAC)
CMPD
0 The peripheral is not clocked.
1 The peripheral is clocked.
Table continues on the next page...
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Field Description

8 SAR ADC IPBus Clock Enable
SARADC

0 The peripheral is not clocked.
1 The peripheral is clocked.

7 Cyclic ADC IPBus Clock Enable
CYCADC

0 The peripheral is not clocked.
1 The peripheral is clocked.

6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC IPBus Clock Enable
CRC

0 The peripheral is not clocked.
1 The peripheral is clocked.

4 Quadrature Decoder IPBus Clock Enable
QDC

0 The peripheral is not clocked.
1 The peripheral is clocked.

3 Programmable Interval Timer IPBus Clock Enable
PITO
0 The peripheral is not clocked.

1 The peripheral is clocked.

2 Programmable Interval Timer IPBus Clock Enable
PIT1
0 The peripheral is not clocked.

1 The peripheral is clocked.

1 Programmable Delay Block IPBus Clock Enable
PDBO
0 The peripheral is not clocked.

1 The peripheral is clocked.

0 Programmable Delay Block IPBus Clock Enable
PDB1
0 The peripheral is not clocked.

1 The peripheral is clocked.

11.2.15 Peripheral Clock Enable Register 3 (SIM_PCE3)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.
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Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Fh offset = E40Fh

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
wid PWMACHO | PWMACH1 | PWMACH2 | PWMACHS3
rite
Reset 0 0 0 0
SIM_PCES3 field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 PWMA Channel 0 IPBus Clock Enable
PWMACHO
0 The peripheral is not clocked.
1 The peripheral is clocked.
6 PWMA Channel 1 IPBus Clock Enable
PWMACH1
0 The peripheral is not clocked.
1 The peripheral is clocked.
5 PWMA Channel 2 IPBus Clock Enable
PWMACH2
0 The peripheral is not clocked.
1 The peripheral is clocked.
4 PWMA Channel 3 IPBus Clock Enable
PWMACH3
0 The peripheral is not clocked.
1 The peripheral is clocked.
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.16 STOP Disable Register 0 (SIM_SDO)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.
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Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.

The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

NOTE
The FTFL (flash) module does not have an SD bit because it
does not have a distinct peripheral clock that can be gated.

Address: E400h base + 10h offset = E410h

Bit 15 14 13 12 11 10 9 8
fead | 1ag TA1 TA2 TA3 TBO TB1 TB2 B3
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
wid 0 GPIOA GPIOB GPIOC GPIOD GPIOE GPIOF GPIOG

rite
Reset 0 0 0 0 0 0 0 0
SIM_SDO field descriptions
Field Description
15 TMRAO IPBus STOP Disable
TAO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
14 TMRA1 IPBus STOP Disable
TA1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
13 TMRA2 IPBus STOP Disable
TA2
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
12 TMRAS3 IPBus STOP Disable
TA3
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SDO field descriptions (continued)

Field

Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

11
TBO

TMRBO IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

10
TB1

TMRB1 IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

TB2

TMRB2 IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

TB3

TMRB3 IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

7
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

6
GPIOA

GPIOA IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOB

GPIOB IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOC

GPIOC IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

Table continues on the next page...

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc. Preliminary

General Business Information

189



Memory Map and Register Descriptions
SIM_SDO field descriptions (continued)

Field Description

3 GPIOD IPBus STOP Disable
GPIOD

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

2 GPIOE IPBus STOP Disable
GPIOE

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

1 GPIOF IPBus STOP Disable
GPIOF

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

0 GPIOG IPBus STOP Disable
GPIOG

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

11.2.17 Peripheral Clock STOP Disable Register 1 (SIM_SD1)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.
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The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 11h offset = E411h

Bit 15 14 13 12 11 10 9 8
Read 0 DAC SCIo SCI 0 QSPI0 QSPI1
Write
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 | 3 2 1 0

Read 0 IIco lic1
Write

Reset 0 0 0 0 0 0 0 0
SIM_SD1 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 DAC IPBus STOP Disable
DAC L . . . - . .
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
12 SCI0 IPBus STOP Disable
SCI0
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
11 SCI1 IPBus STOP Disable
SCH
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 QSPI0 IPBus STOP Disable
QSPIO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
8 QSPI1 IPBus STOP Disable
QSPI1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SD1 field descriptions (continued)

Field Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 [ICO IPBus STOP Disable
lICo

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode, but the 1ICO module will not enter stop mode.

5 [IC1 IPBus STOP Disable
lIC1

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode, but the [IC1 module will not enter stop mode.

41 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 FlexCAN IPBus STOP Disable
FLEXCAN

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

11.2.18 Peripheral Clock STOP Disable Register 2 (SIM_SD2)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.

MC56F844xx Reference Manual, Rev. 1, 06/2012

192 Preliminary Freescale Semiconductor, Inc.
General Business Information




4
Chapter 11 System Integration Module (SIM)

The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 12h offset = E412h

Bit 15 14 13 12 11 10 9 8
Read 0 CMPA CMPB CMPC CMPD | SARADC
Write
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Read | cycapc 0 CRC QDC PITO PIT1 PDBO PDB1
Write
Reset 0 0 0 0 0 0 0 0

SIM_SD2 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMPA IPBus STOP Disable (disables both CMP and 6-bit reference DAC)
CMPA
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
11 CMPB IPBus STOP Disable (disables both CMP and 6-bit reference DAC)
CMPB
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
10 CMPC IPBus STOP Disable (disables both CMP and 6-bit reference DAC)
CMPC
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
9 CMPD IPBus STOP Disable (disables both CMP and 6-bit reference DAC)
CMPD
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
8 SAR ADC IPBus STOP Disable
SARADC ] ]
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
Table continues on the next page...
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SIM_SD2 field descriptions (continued)

Field Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

7 Cyclic ADC IPBus STOP Disable
CYCADC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC IPBus STOP Disable
CRC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

4 Quadrature Decoder IPBus STOP Disable
QDC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

3 Programmable Interval Timer IPBus STOP Disable

PITO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the

corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

2 Programmable Interval Timer IPBus STOP Disable

PIT1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the

corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

1 Programmable Delay Block IPBus STOP Disable
PDBO

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

0 Programmable Delay Block IPBus STOP Disable

PDBH1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the

corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
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11.2.19 Peripheral Clock STOP Disable Register 3 (SIM_SD3)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.

The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 13h offset = E413h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
s\f‘f‘zd PWMACHO | PWMACH1 | PWMACH2 | PWMACHS3
rite
Reset 0 0 0 0
SIM_SDa3 field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 PWMA Channel 0 IPBus STOP Disable
PWMACHO o ) ] ) o ] ]
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
6 PWMA Channel 1 IPBus STOP Disable
PWMACH1 o ) ) ) o ] ]
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SD3 field descriptions (continued)

Field Description
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

5 PWMA Channel 2 IPBus STOP Disable
PWMACH2

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

4 PWMA Channel 3 IPBus STOP Disable
PWMACHS3

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.20 1/O Short Address Location Register (SIM_IOSAHI)

The 1I/0 short address location registers specify the memory referenced through the I/0
short address mode, which allows the instruction to specify the lower 6 bits of the
address. The upper address bits are not directly controllable. The I/O short address
location registers allow limited control of the full address.

With this register set, an interrupt driver can set the combined ISAL register to point to
its peripheral registers and then use the I/O short addressing mode to reference them. The
ISR should restore this register to its previous contents prior to returning from interrupt.

NOTE
The default value of this register points to the beginning of the
slave peripheral region at EOOOh.

NOTE
The pipeline delay between setting this register set and using
short I/O addressing with the new value is five cycles.

Address: E400h base + 14h offset = E414h
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read ISAL[23:22]
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SIM_IOSAHI field descriptions

Field Description
15-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 Bits 23:22 of the address
ISAL[23:22]
The 1/O short address is calculated by concatenating the combined ISAL value with the 6-bit short address
from the CPU short address opcode.

11.2.21 1/0O Short Address Location Register (SIM_IOSALO)

The I/O short address location registers specify the memory referenced through the I/0
short address mode, which allows the instruction to specify the lower 6 bits of the
address. The upper address bits are not directly controllable. The I/O short address
location registers allow limited control of the full address.

With this register set, an interrupt driver can set the combined ISAL register to point to
its peripheral registers and then use the I/O short addressing mode to reference them. The
ISR should restore this register to its previous contents prior to returning from interrupt.

NOTE
The default value of this register points to the beginning of the
slave peripheral region at EOOOh.

NOTE
The pipeline delay between setting this register set and using
short I/0 addressing with the new value is five cycles.

Address: E400h base + 15h offset = E415h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read .
Write ISAL[21:6]
Reset 0 0 0 0 0 0 1 1 | 1 0 0 0 0 0 0 0
SIM_IOSALO field descriptions
Field Description
15-0 Bits 21:6 of the address
ISAL[21:6] ] ] ] ] ]
The I/O short address is calculated by concatenating the combined ISAL value with the 6-bit short address
from the CPU short address opcode.
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11.2.22 Protection Register (SIM_PROT)

This register provides write protection of selected control fields for safety critical
applications. The primary purpose is to prevent unsafe conditions due to the unintentional
modification of these fields between the onset of a code runaway and a reset by the COP
watchdog. GPIO and Internal Peripheral Select Protection (GIPSP) write protects the
registers in the SIM, XBAR, AOI, and GPIO modules that control inter-peripheral signal
multiplexing and I/O cell configuration. Peripheral Clock Enable Protection (PCEP) write
protects the SIM registers that contain peripheral-specific clock controls. GDP provides
write protection of the GPIO Port D registers separately from the other ports protected by
the GIPSP field. Some peripherals provide additional safety features. Refer to peripheral
descriptions for details.

GIPSP protects the contents of the SIM registers that control multiplexing of inter-
peripheral connections (GPSn and IPSn) as well as all inter-peripheral XBAR and AOI
registers. GIPSP also write protects some registers in the GPIO module other than for
port D, including the GPIOn_PER registers that select between peripheral and GPIO
ownership of the I/O cell, the GPIOn_PPMODE registers the control the I/O cell's push/
pull mode, and GPIOn_DRIVE registers that control the I/O cell's drive strength.

GDP provides write protection for the GPIO Port D registers, which include JTAG and
reset functionality. These include GPIO_D_PER, GPIO_D_PPMODE, and
GPIO_D_DRIVE as well as the GPSDL register.

PCEP write protects the SIM peripheral clock enable registers (PCEn), the SIM
peripheral stop disable registers (SDn), the SIM peripheral software reset registers
(PSWRn), and the SIM peripheral clock rate registers (PCR).

For flexibility, write protection control values may themselves be optionally locked
(write protected). To this end, protection controls in this register have two bit values. The
right bit determines the setting of the control, and the left bit determines whether the
value is locked. While a protection control remains unlocked, protection can be disabled
and re-enabled as desired. When a protection control is locked, its value can be altered
only by a device reset, which restores its default non-locked value.

Address: E400h base + 16h offset = E416h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 PMODE GDP PCEP GIPSP
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SIM_PROT field descriptions

Field

Description

15-8
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

7-6
PMODE

Power Mode Control Write Protection

Enables write protection of the PWRMODE register.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

54
GDP

GPIO Port D Protection

Enables write protection of GPIO_D_PER, GPIO_D_PPMODE, and GPIO_D_DRIVE registers. This field
also write protects the GPSDL register and CTRL[RST_FILT] bit. GPIO Port D contains JTAG and reset
functions that are protected separately from other GPIO ports.

00 Write protection off (default).

01  Write protection on.

10  Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

3-2
PCEP

Peripheral Clock Enable Protection

Enables write protection of all fields in the PCEn, SDn, PSWRn, and PCR registers.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

1-0
GIPSP

GPIO and Internal Peripheral Select Protection

Enables write protection of GPSn and IPSn registers in the SIM. This field also write protects registers in
other modules including all XBAR, AOI, GPIOn_PER, GPIOn_PPMODE, and GPIOn_DRIVE registers.
This field does not protect GPIO Port D registers or the GPSDL register; the GDP field provides that
protection.

00 Write protection off (default).

01  Write protection on.

10  Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.
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11.2.23 GPIOA LSBs Peripheral Select Register (SIM_GPSAL)

Most I/O pads have an associated GPIO function that, when enabled, can control and
observe the I/0 pad. As an alternative to the GPIO function, most I/O can be configured
to connect to one of several internal peripheral functions. When the GPIOn_PER bit for
an I/0O is set to 0, the associated GPIO has control of the I/O to the exclusion of any
internal peripheral function. The GPIOn_PER bit for an I/O must be set to 1 for the I/O to
access any of its internal peripheral functions. If an I/O pad can be configured to connect
to one of several peripheral functions, the GPSn field for that GPIO is used to select the
active peripheral function.

NOTE
A GPIO with only one peripheral function does not require a
GPS field. That peripheral function is always enabled when the
PER field of the corresponding GPIO is set to 1.

In some cases there are multiple I/0O pads, each of which can be configured via their
GPIOn_PER and SIM GPS settings to connect to the same internal peripheral function. If
more than one 1/O is connected to the same peripheral output function, the peripheral
output signal safely fans out to each of these I/O. However, if more than one I/O is
connected to the same peripheral input signal, that peripheral input is the logical OR or
AND of these multiple sources and is therefore invalid. As a result, at most one 1/0
should be configured to control a specific peripheral input function.

The user may opt not to use a specific peripheral input or output function. If no I/0O is
configured to observe a peripheral output function, then the peripheral output signal is
inaccessible. If no I/O is configured to control a peripheral input signal, that peripheral
input is tied to an application-appropriate constant value.

When a GPIO's internal peripheral functions include a connection to an output of an
Internal Crossbar Switch (XBAR) module, that GPIO can be driven by any input to the
XBAR by properly configuring the XBAR module. Similarly, when a GP1O's internal
functions include a connection to an input of an Internal Crossbar Switch (XBAR)
module, that GPIO can feed any device fed by the XBAR's outputs by properly
configuring the XBAR module.

GPSn settings should not be altered while an affected peripheral is in an enabled
(operational) configuration. See the peripheral's description for further details.
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Address: E400h base + 17h offset = E417h

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

Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSAL field descriptions

Field Description
15-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO A0
AO
0 Function = ANAO/CMPAS; Peripheral = ADC/CMPA,; Direction = AN_IN
1 Function = CMPC_QO; Peripheral = CMPC; Direction = OUT

11.2.24 GPIOB MSBs Peripheral Select Register (SIM_GPSBH)

See the description of the GPSAL register.

Address: E400h base + 18h offset = E418h

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

Read B11 B10 B9 0

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSBH field descriptions

Field Description
15-8 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
7-6 Configure GPIO B11
B11

00 Function = ANC15; Peripheral = ADC; Direction = AN_IN
01 Function = XB_IN7; Peripheral = XBAR; Direction = IN
10 Reserved

11  Reserved

5-4 Configure GPIO B10
B10

00 Function = ANC14; Peripheral = ADC; Direction = AN_IN
01 Function = XB_IN8; Peripheral = XBAR,; Direction = IN
10 Reserved

11  Reserved

3-2 Configure GPIO B9
B9

00 Function = ANC13; Peripheral = ADC; Direction = AN_IN

Table continues on the next page...
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SIM_GPSBH field descriptions (continued)

Field Description
01  Function = XB_IN9; Peripheral = XBAR; Direction = IN
10 Reserved
11  Reserved
1-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.25 GPIOC LSBs Peripheral Select Register (SIM_GPSCL)

See the description of the GPSAL register.

Address: E400h base + 19h offset = E419h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read| 0 | 7 cé 0 | cs5 C4 c3 c2 0 co
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSCL field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 Configure GPIO C7
C7
0 Function = SS0_B; Peripheral = SPI0; Direction = 10
1 Function = TXDO; Peripheral = SCIO0; Direction = 10
13-12 Configure GPIO C6
Cé6
00 Function = TA2; Peripheral = TMRA; Direction = 10
01 Function = XB_INS; Peripheral = XBAR,; Direction = IN
10 Function = CMPREF; Peripheral = HSCMP A/B/C/D; Direction = AN_IN
11  Reserved
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO C5
C5
0 Function = DACO; Peripheral = DAC; Direction = AN_OUT
1 Function = XB_IN7; Peripheral = XBAR; Direction = IN
9-8 Configure GPIO C4
C4
00 Function = TA1; Peripheral = TMRA; Direction = IO
01 Function = CMPB_O; Peripheral = CMPB; Direction = OUT
10 Function = XB_IN8; Peripheral = XBAR; Direction = IN
11 Function = EWM_OUT_B; Peripheral = EWM; Direction = OUT
Table continues on the next page...
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SIM_GPSCL field descriptions (continued)

Field Description

7-6 Configure GPIO C3
C3

00 Function = TAQ; Peripheral = TMRA,; Direction = 10

01 Function = CMPA_QO; Peripheral = CMPA; Direction = OUT
10 Function = RXDO; Peripheral = SCI0; Direction = IN

11 Function = CLKIN1; Peripheral = SIM; Direction = IN

5-4 Configure GPIO C2
Cc2

00 Function = TXDO; Peripheral = SCI0; Direction = 10

01 Function = TBO; Peripheral = TMRB; Direction = 10

10 Function = XB_IN2; Peripheral = XBAR; Direction = IN

11 Function = CLKOUTO; Peripheral = SIM; Direction = OUT

3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO CO
Co

0 Function = EXTAL; Peripheral = OSC; Direction = AN_IN
1 Function = CLKIN; Peripheral = OCCS; Direction = IN

11.2.26 GPIOC MSBs Peripheral Select Register (SIM_GPSCH)

See the description of the GPSAL register.

Address: E400h base + 1Ah offset = E41Ah

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

Read| 0 | o5 O | g c13 c12 C11 C10 0 | co cs
Write

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

SIM_GPSCH field descriptions

Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 Configure GPIO C15
C15

0 Function = SCLO; Peripheral = 1ICO; Direction = OD_IO
1 Function = XB_OUTS5; Peripheral = XBAR; Direction = OUT

13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Configure GPIO C14
C14

0 Function = SDAO; Peripheral = 1ICO; Direction = OD_IO
1 Function = XB_OUT4; Peripheral = XBAR; Direction = OUT

Table continues on the next page...
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SIM_GPSCH field descriptions (continued)

Field Description
11-10 Configure GPIO C13
C13
00 Function = TA3; Peripheral = TMRA,; Direction = 10
01 Function = XB_IN6; Peripheral = XBAR; Direction = IN
10 Function = EWM_OUT_B; Peripheral = EWM; Direction = OUT
11  Reserved
9-8 Configure GPIO C12
C12
00 Function = CANRX; Peripheral = FlexCAN; Direction = IN
01 Function = SDA1; Peripheral = IIC1; Direction = OD_IO
10 Function = RXD1; Peripheral = SCI1; Direction = IN
11  Reserved
7-6 Configure GPIO C11
C11
00 Function = CANTX; Peripheral = FlexCAN; Direction = OD_OUT
01 Function = SCL1; Peripheral = lIC1; Direction = OD_IO
10 Function = TXD1; Peripheral = SCI1; Direction = 10
11  Reserved
5-4 Configure GPIO C10
C10
00 Function = MOSIO; Peripheral = SPI0; Direction = 10
01 Function = XB_IN5; Peripheral = XBAR,; Direction = IN
10 Function = MISOO; Peripheral = SPI0; Direction = 10
11  Reserved
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Configure GPIO C9
C9
0 Function = SCLKO; Peripheral = SPI0; Direction = 10
1 Function = XB_IN4; Peripheral = XBAR; Direction = IN
1-0 Configure GPIO C8
C8

00 Function = MISOQ; Peripheral = SPI0; Direction = 10
01  Function = RXDO; Peripheral = SCIO; Direction = IN
10 Function = XB_IN9; Peripheral = XBAR; Direction = IN
11  Reserved
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11.2.27 GPIOD LSBs Peripheral Select Register (SIM_GPSDL)

See the description of the GPSAL register.

Address: E400h base + 1Bh offset = E41Bh

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

Read
Write
Reset 0 0 0 0 0 0

SIM_GPSDL field descriptions

Field Description

15-14 Configure GPIO D7
D7

D7 D6 D5

00 Function = XB_OUT11; Peripheral = XBAR; Direction = OUT
01 Function = XB_IN7; Peripheral = XBAR; Direction = IN

10 Function = MISO1; Peripheral = SPI1; Direction = 10

11  Reserved

13-12 Configure GPIO D6
D6

00 Function = TXD2; Peripheral = SCI2; Direction = 10

01  Function = XB_IN4; Peripheral = XBAR; Direction = IN

10 Function = XB_OUTS8; Peripheral = XBAR; Direction = OUT
11  Reserved

11-10 Configure GPIO D5
D5

00 Reserved

01  Function = XB_IN5; Peripheral = XBAR; Direction = IN

10 Function = XB_OUT9; Peripheral = XBAR,; Direction = OUT
11  Reserved

9-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.28 GPIOE LSBs Peripheral Select Register (SIM_GPSEL)

See the description of the GPSAL register.

Address: E400h base + 1Ch offset = E41Ch

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

Read E7
Write
Reset 0 0 0
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SIM_GPSEL field descriptions

Field Description
15-14 Configure GPIO E7
E7
00 Function = PWMA_3A,; Peripheral = PWMA,; Direction = 10
01  Function = XB_IN5; Peripheral = XBAR; Direction = IN
10 Reserved
11  Reserved
13-12 Configure GPIO E6
E6
00 Function = PWMA_3B; Peripheral = PWMA,; Direction = 10
01 Function = XB_IN4; Peripheral = XBAR; Direction = IN
10 Reserved
11  Reserved
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO E5
E5
0 Function = PWMA_2A; Peripheral = PWMA,; Direction = 10
1 Function = XB_IN3; Peripheral = XBAR; Direction = IN
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 Configure GPIO E4
E4
0 Function = PWMA_2B; Peripheral = PWMA,; Direction = 10
1 Function = XB_IN2; Peripheral = XBAR; Direction = IN
7-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.29 GPIOE MSBs Peripheral Select Register (SIM_GPSEH)

See the description of the GPSAL register.

Address: E400h base + 1Dh offset = E41Dh

Bit 15

14

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

Read
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_GPSEH field descriptions
Field Description
15-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Table continues on the next page...
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SIM_GPSEH field descriptions (continued)

Field Description
2 Configure GPIO E9
E9
0 Reserved
1 Function = PWMA_FAULT1; Peripheral = PWMA,; Direction = IN
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO E8
E8
0 Reserved
1 Function = PWMA_FAULTO; Peripheral = PWMA,; Direction = IN

11.2.30 GPIOF LSBs Peripheral Select Register (SIM_GPSFL)

See the description of the GPSAL register.

Address: E400h base + 1Eh offset = E41Eh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read F7 F6 O ' 5 [ O | F4 | O | 3| 9 | R F1 FO
Write

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

SIM_GPSFL field descriptions

Field Description
15-14 Configure GPIO F7
F7
00 Function = TB3; Peripheral = TMRB; Direction = 10
01 Function = CMPC_O; Peripheral = HSCMPC; Direction = OUT
10 Function = SS1_B; Peripheral = SPI1; Direction = 10
11 Function = XB_INS; Peripheral = XBAR; Direction = IN
13-12 Configure GPIO F6
F6
00 Function = TB2; Peripheral = TMRB; Direction = 10
01 Function = PWMA_3X; Peripheral = PWMA,; Direction = 10
10 Reserved
11 Function = XB_IN2; Peripheral = XBAR; Direction = IN
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO F5
F5
0 Function = RXD1; Peripheral = SCI1; Direction = IN
1 Function = XB_OUT?9; Peripheral = XBAR; Direction = OUT
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_GPSFL field descriptions (continued)

Field Description
8 Configure GPIO F4
F4
0 Function = TXD1; Peripheral = SCI1; Direction = 10
1 Function = XB_OUTS; Peripheral = XBAR; Direction = OUT
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Configure GPIO F3
F3
0 Function = SDA1; Peripheral = 1IC1; Direction = OD_IO
1 Function = XB_OUT7; Peripheral = XBAR; Direction = OUT
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Configure GPIO F2
F2
0 Function = SCL1; Peripheral = lIC1; Direction = OD_IO
1 Function = XB_OUTS6; Peripheral = XBAR; Direction = OUT
3-2 Configure GPIO F1
F1
00 Function = CLKOUT1; Peripheral = SIM; Direction = OUT
01 Function = XB_IN7; Peripheral = XBAR,; Direction = IN
10 Function = CMPD_O; Peripheral = HSCMPD; Direction = OUT
11 Reserved
1-0 Configure GPIO FO
FO

00 Function = XB_ING; Peripheral = XBAR; Direction = IN
01 Function = TB2; Peripheral = TMRB; Direction = 10

10 Function = SCLK1; Peripheral = SPI1; Direction = 10
11  Reserved

11.2.31 GPIOF MSBs Peripheral Select Register (SIM_GPSFH)

See the description of the GPSAL register.

Address: E400h base + 1Fh offset = E41Fh

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3
Read| O | g5 | O Jpqg| O I3[ O |F2| O | pqq F10 F9 F8
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_GPSFH field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Table continues on the next page...
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SIM_GPSFH field descriptions (continued)

Field Description

14 Configure GPIO F15
F15

0 Function = RXDO; Peripheral = SCI0; Direction = IN
1 Function = XB_IN10; Peripheral = XBAR; Direction = IN

13 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
12 Configure GPIO F14
F14

0 Function = SCLK1; Peripheral = SPI1; Direction = 10
1 Reserved

11 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO F13
F13

0 Function = MOSI1; Peripheral = SPI1; Direction = 10
1 Reserved

9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 Configure GPIO F12
F12

0 Function = MISO1; Peripheral = SPI1; Direction = 10
1 Reserved

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Configure GPIO F11
F11

0 Function = TXDO; Peripheral = SCIO; Direction = 10
1 Function = XB_IN11; Peripheral = XBAR; Direction = IN

5-4 Configure GPIO F10
F10

00 Reserved

01 Function = PWMA_FAULT®; Peripheral = PWMA,; Direction = IN
10 Reserved

11 Function = XB_OUT10; Peripheral = XBAR; Direction = OUT

3-2 Configure GPIO F9
F9

00 Reserved

01 Function = PWMA_FAULT7; Peripheral = PWMA,; Direction = IN
10 Reserved

11 Function = XB_OUT11; Peripheral = XBAR; Direction = OUT

1-0 Configure GPIO F8
F8

00 Function = RXDO; Peripheral = SCIO; Direction = IN

01 Function =TB1; Peripheral = TMRB; Direction = IO

10 Function = CMPD_O; Peripheral = HSCMPD; Direction = OUT
11  Reserved
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11.2.32 GPIOG LSBs Peripheral Select Register (SIM_GPSGL)

See the description of the GPSAL register.

Address: E400h base + 20h offset = E420h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read G7 G6 O a5 | 9 Jaa | 9 Jae3 | % e | % et 2] co
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSGL field descriptions
Field Description
15-14 Configure GPIO G7
G7
00 Function = PWMA_FAULTS5; Peripheral = PWMA,; Direction = IN
01 Reserved
10 Function = XB_OUT?9; Peripheral = XBAR,; Direction = OUT
11 Reserved
13-12 Configure GPIO G6
G6
00 Function = PWMA_FAULT4; Peripheral = PWMA,; Direction = IN
01 Reserved
10 Function = TB2; Peripheral = TMRB; Direction = 10
11 Function = XB_OUTS; Peripheral = XBAR,; Direction = OUT
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO G5
G5
0 Reserved
1 Function = PWMA_FAULTS3; Peripheral = PWMA,; Direction = IN
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 Configure GPIO G4
G4
0 Reserved
1 Function = PWMA_FAULT2; Peripheral = PWMA; Direction = IN
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Configure GPIO G3
G3
0 Reserved
1 Function = XB_OUTS5; Peripheral = XBAR; Direction = OUT
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Configure GPIO G2
G2
Table continues on the next page...
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SIM_GPSGL field descriptions (continued)

Field Description
0 Reserved
1 Function = XB_OUT4; Peripheral = XBAR; Direction = OUT
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Configure GPIO G1
G1
0 Reserved
1 Function = XB_OUT7; Peripheral = XBAR; Direction = OUT
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO GO
GO

0 Reserved
1 Function = XB_OUTS6; Peripheral = XBAR; Direction = OUT

11.2.33 GPIOG MSBs Peripheral Select Register (SIM_GPSGH)

See the description of the GPSAL register.

Address: E400h base + 21h offset = E421h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 0
Read G11 G10 G9 G8
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSGH field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 Configure GPIO G11
G11
00 Function = TB3; Peripheral = TMRB; Direction = 10
01  Function = CLKOUTO; Peripheral = SIM; Direction = OUT
10 Function = MOSI1; Peripheral = SPI1; Direction = 10
11  Reserved
5-4 Configure GPIO G10
G10
00 Reserved
01 Function = PWMA_2X; Peripheral = PWMA; Direction = IO
10 Function = XB_IN8; Peripheral = XBAR; Direction = IN
11 Reserved
Table continues on the next page...
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SIM_GPSGH field descriptions (continued)

Field Description

3-2 Configure GPIO G9
G9

00 Reserved

01 Function = PWMA_1X; Peripheral = PWMA,; Direction = 10
10 Function = TAS; Peripheral = TMRA; Direction = 10

11 Function = XB_OUT11; Peripheral = XBAR; Direction = OUT

1-0 Configure GPIO G8
G8

00 Reserved

01 Function = PWMA_O0X; Peripheral = PWMA,; Direction = 10
10 Function = TA2; Peripheral = TMRA,; Direction = 10

11 Function = XB_OUT10; Peripheral = XBAR; Direction = OUT

11.2.34 Internal Peripheral Select Register 0 (SIM_IPSO0)

The IPS register implements controls that affect the integration or communication
between parts. Various circumstances require these controls.

Some peripheral inputs have the ability to be fed either by XBAR outputs or by GPIO. In
these cases, an additional layer of internal multiplexing selects which source is active and
feeds the peripheral input.

In other cases, peripherals have control relationships. For example, one peripheral may be
configured to operate as a slave of another and require inputs to be configured
appropriately based on that choice. This configuration may require the setting of control
inputs or the switching of muxing relationships between the blocks.

NOTE
The TMRBn and TMRAN fields select which signal drives the
corresponding TMRBn and TMR An inputs. The choice in each
case is between one or more external I/O pads and an XBAR
output. When selecting the external I/0O, you must set the
GPIOn_PER bit for that I/O to 1 and configure that GPIO's SIM
GPS field (if there is one) to feed that TMR channel. A standard
requirement of GPS muxing to avoid contention is to configure,
at most, one GPIO at a time to feed a specific peripheral input
function. When more than one GPIO source is listed, the
muxing uses the signal from the GPIO input that is currently
sourcing the signal.
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Address: E400h base + 22h offset = E422h

is between an external 10 pad and an XBAR output. When

NOTE
The PWMAFn fields select which signal drives the
corresponding PWMA Fault n inputs. The choice in each case

selecting the external I/O, set the GPIOn_PER bit for that I/O to
1 and configure that GPIO's SIM GPS field (if there is one) to
feed that PWM Fault signal.

Bit 15 14 13 12 11 10 9 8
fead | 1g3 TB2 TB1 TBO TA3 TA2 TA1 TAO
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Read PWMAF3 | PWMAF2 | PWMAF1 | PWMAFO
Write
Reset 0 0 0 0 0 0 0 0

SIM_IPSO field descriptions
Field Description
15 Select TMRBS3 Input
TB3
0 Function = GPIOF7 or GPIOG11; Peripheral = GPIOF; Direction = IN
1 Function = XB_OUT37; Peripheral = XBAR,; Direction = IN
14 Select TMRB2 Input
TB2
0 Function = GPIOF6, GPIOFO, or GPIOGS; Peripheral = GPIOF; Direction = IN
1 Function = XB_OUT36; Peripheral = XBAR,; Direction = IN
13 Select TMRB1 Input
TB1
0 Function = GPIOFS8; Peripheral = GPIOF; Direction = IN
1 Function = XB_OUTS35; Peripheral = XBAR,; Direction = IN
12 Select TMRBO Input
TBO
0 Function = GPIOC2; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT34; Peripheral = XBAR,; Direction = IN
11 Select TMRAS Input
TA3
0 Function = GPIOC13 or GPIOGY; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT52; Peripheral = XBAR,; Direction = IN
10 Select TMRA2 Input
TA2
0 Function = GPIOC6 or GPIOGS; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT51; Peripheral = XBAR,; Direction = IN
9 Select TMRA1 Input
TA1
0 Function = GPIOC4; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT50; Peripheral = XBAR,; Direction = IN
Table continues on the next page...
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SIM_IPSO field descriptions (continued)

Field Description

8 Select TMRAO Input
TAO

0 Function = GPIOCS3; Peripheral = GPIOC; Direction = IN
1 Function = XB_0OUT49; Peripheral = XBAR,; Direction = IN

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Select PWMA Fault 3 Input
PWMAF3

0 Function = GPIOG5; Peripheral = GPIOG; Direction = IN
1 Function = XB_OUT32; Peripheral = XBAR,; Direction = IN

2 Select PWMA Fault 2 Input
PWMAF2

0 Function = GPIOG4; Peripheral = GPIOG; Direction = IN
1 Function = XB_OUTS31; Peripheral = XBAR,; Direction = IN

1 Select PWMA Fault 1 Input
PWMAF1

0 Function = GPIOEQ; Peripheral = GPIOE; Direction = IN
1 Function = XB_OUTS30; Peripheral = XBAR,; Direction = IN

0 Select PWMA Fault O Input
PWMAFO

0 Function = GPIOES; Peripheral = GPIOE; Direction = IN
1 Function = XB_0OUT29; Peripheral = XBAR; Direction = IN

11.2.35 Miscellaneous Register 0 (SIM_MISCO)

This register controls various integration features of the chip.

Address: E400h base + 23h offset = E423h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
Read

. CLKINSEL | PIT_MSTR
Write

Reset 0 0 0 0 0 0 0 0
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SIM_MISCO field descriptions

Field Description
152 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 CLKIN Select
CLKINSEL
This bit determines the GPIO port for the CLKIN input to the OCCS.
0 CLKINO (GPIOCO alt1) is selected as CLKIN
1 CLKIN1 (GPIOCS3 alt3) is selected as CLKIN
0 Select Master Programmable Interval Timer (PIT)
PIT_MSTR
0 PITOis master PIT and PIT1 is slave PIT
1 PIT1 is master PIT and PITO is slave PIT

11.2.36 Peripheral Software Reset Register 0 (SIM_PSWRO0)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 24h offset = E424h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_PSWRO field descriptions

Field Description
15 TMRA Software Reset
TA
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
14-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 TMRB Software Reset
B
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
10-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_PSWRO field descriptions (continued)

Field Description

6 GPIO Software Reset
GPIO

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

5-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

11.2.37 Peripheral Software Reset Register 1 (SIM_PSWR1)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 25h offset = E425h

Bit 15 14 13 12 11 10 9 8
Read 0 DAC SCIo scH 0 QSPIO QSPI1
Write
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 | 3 2 1 0
Read 0 1ICO lc1
Write
Reset 0 0 0 0 0 0 0 0

SIM_PSWRH1 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 DAC Software Reset
DAC

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

12 SCI0 Software Reset
SCIo

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

11 SCI1 Software Reset
SCit

This bit causes a reset of the indicated peripheral.

Table continues on the next page...
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SIM_PSWRH1 field descriptions (continued)

Field Description

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 QSPI0 Software Reset
QSPIO

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

8 QSPI1 Software Reset
QSPN

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 [ICO Software Reset
lICo

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

5 IIC1 Software Reset
1IC1

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

41 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 FlexCAN Software Reset
FLEXCAN

This bit causes a reset of the indicated peripheral.

NOTE: This bit for the FlexCAN module is automatically cleared after 3 clock cycles.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
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11.2.38 Peripheral Software Reset Register 2 (SIM_PSWR2)

The Peripheral Software Reset registers are used to reset individual peripherals without

resetting the entire chip.

Address: E400h base + 26h offset = E426h

Bit 15 14 13 12 11 10 9 8
Read | gy SARADC
Write
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Read | cycapc 0 CRC QDC PITO PIT1 PDBO PDB1
Write
Reset 0 0 0 0 0 0 0 0

SIM_PSWR2 field descriptions
Field Description
15 EWM Software Reset
EWM
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
14-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMP Software Reset
CMP
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
11-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 SAR ADC Software Reset
SARADC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
7 Cyclic ADC Software Reset
CYCADC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

Table continues on the next page...
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SIM_PSWR2 field descriptions (continued)

Field Description
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC Software Reset
CRC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
4 Quadrature Decoder Software Reset
QDC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
3 Programmable Interval Timer Software Reset
PITO
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
2 Programmable Interval Timer Software Reset
PIT1
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
1 Programmable Delay Block Software Reset
PDBO
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
0 Programmable Delay Block Software Reset
PDB1
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
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11.2.39 Peripheral Software Reset Register 3 (SIM_PSWR3)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 27h offset = E427h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
SIM_PSWRS3 field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 PWMA Software Reset
PWMA
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
6-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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11.2.40 Power Mode Register (SIM_PWRMODE)

This register controls various low power modes of the chip if the FTFL module's
FOPTIO0] bit is set (advanced power mode is enabled). All control bits in this register are
write protected. See the power mode chapter for mode details.

Address: E400h base + 28h offset = E428h

Bit 15 14 13 12 11 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
Read
LPMODE | VLPMODE
Write
Reset 0 0 0 0 0 0 0 0
SIM_PWRMODE field descriptions
Field Description
15-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 LPMODE Status Indicator
LPMS

This status bit indicates whether the chip is in LPMODE.

0 Notin LPMODE

1 In LPMODE
8 VLPMODE Status Indicator
VLPMS
This status bit indicates whether the chip is in VLPMODE.
NOTE: This bit, along with the PMC's STS[SR27] bit, indicates an exit from VLPMODE.
0 Notin VLPMODE
1 In VLPMODE
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 LPMODE Entry/Exit
LPMODE

Writing to this bit causes the device to enter LPMODE. To exit LPMODE, clear this bit. This bit can be
written only if write protection is disabled (PROTI6] is 0). If both the LPMODE and VLPMODE bits are set,
the VLPMODE bit has higher priority.

0 Start exit from LPMODE
1 Start entry to LPMODE

Table continues on the next page...
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SIM_PWRMODE field descriptions (continued)

Field Description

0 VLPMODE Entry/Exit
VLPMODE

Writing to this bit causes the device to enter VLPMODE. To exit VLPMODE, clear this bit. This bit can be

written only if write protection is disabled (PROTI6] is 0). If both the LPMODE and VLPMODE bits are set,
the VLPMODE bit has higher priority.

0 Start exit from VLPMODE
1 Start entry to VLPMODE

11.2.41 Non-Volatile Memory Option Register 2 (High)
(SIM_NVMOPT2H)

Address: E400h base + 2Ch offset = E42Ch

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read 0 ROSC_8M_TTRIM ROSC_8M_FTRIM
Write
Reset 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
SIM_NVMOPT2H field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-10 8 MHz Relaxation Oscillator Temperature Trim
ROSC_8M_
TTRIM Value determined by factory
9-0 8 MHz Relaxation Oscillator Frequency Trim
ROSC_8M_
FTRIM Value determined by factory

11.2.42 Non-Volatile Memory Option Register 2 (Low)
(SIM_NVMOPT2L)

Address: E400h base + 2Dh offset = E42Dh

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read PMC_BGTRIM 0 ROSC_32K_FTRIM
Write

Reset 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0
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SIM_NVMOPT2L field descriptions

Field Description
15-12 PMC Bandgap Trim
PMC_BGTRIM
Value determined by factory
11-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8-0 32 kHz Relaxation Oscillator Frequency Trim
ROSC_32K_ ]
FTRIM Value determined by factory

11.2.43 Non-Volatile Memory Option Register 3 (High)
(SIM_NVMOPT3H)

Address: E400h base + 2Eh offset = E42Eh

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read SAR_VREFBG_TRIM

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_NVMOPT3H field descriptions

Field Description
15-0 SAR ADC Bandgap Reference Capture

SAR_VREFBG_
TRIM Value determined by factory

11.3 Functional Description

11.3.1 Clock Generation Overview

The SIM uses a master clock from the OCCS module (MSTR_2X) to produce the
peripheral and system (core and memory) clocks. This MSTR_2X clock input from
OCCS operates at two times the system and peripheral bus rate. Peripheral and system
clocks, with the exception of the RAM system clock, are generated by dividing the
MSTR_2X clock by two and gating it with appropriate power mode and clock gating
controls. The RAM requires a 2x system rate clock. This clock is therefore generated by
gating the MSTR_2X clock with appropriate power mode and clock gating controls.
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The OCCS supports several methods for deriving MSTR_2X. A master clock source
(MSTR_OSC) is selected from several available sources, including an up to 50 MHz
external clock input (CLKIN), a 4 MHz to 16 MHz crystal oscillator, a 32 kHz internal
oscillator, or an 8 MHz / 400 kHz internal relaxation oscillator.

A high-speed clock source can be derived by multiplying MSTR_OSC frequencies
between 8 MHz and 50 MHz through a PLL to a maximum allowed frequency of 400
MHz. Duty cycle correction for the high-speed clock source is achieved by a DIV2
circuit.

MSTR_2X is derived by selecting either MSTR_OSC or the high-speed clock source as
the active clock source and optionally dividing it through a post-scaler. The post-scaler
will support division by up to 50. As a result, the clock system has the flexibility to
generate diverse MSTR_2X frequencies from 200 MHz down to below 1 Hz.

While deriving the system and peripheral clocks from MSTR_2X, the SIM provides
several methods for clock gating to manage and reduce the overall power consumption of
the part. These methods include low-power modes RUN/STOP/WAIT and various clock
enables (PCEn registers, SDn registers, CLK_DIS, ONCE_EBL). System clocks
including the core clock normally operate only in RUN mode. Peripheral clocks operate
in RUN or WAIT modes when enabled by their individual clock gating controls in the
SIM’s PCE registers. Peripheral clocks may be individually overridden to operate in
STOP mode using the SIM’s SD registers—to operate select peripherals used for
recovery from STOP mode back to RUN mode.

11.3.2 Power-Down Modes Overview

The DSC core operates in one of following power-down modes.

Table 11-45. Clock Operation In Power Down Modes

Mode System Clocks Peripheral Clocks Description

RUN Core and memory Peripheral clocks Device is fully functional
clocks enabled enabled

WAIT  |Core and memory Peripheral clocks Core executes WAIT instruction to enter this mode. Wait
clocks disabled enabled mode is typically used for power conscious applications.

Possible recoveries from WAIT mode to RUN mode are:
1. Any interrupt.
2. Executing a debug mode entry command using the
DSC core JTAG interface.
3. Any reset (POR, external, software, COP, and so on).

Table continues on the next page...
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Table 11-45. Clock Operation In Power Down Modes (continued)

Mode System Clocks | Peripheral Clocks Description

STOP |Master clock generation in the OCCS remains Core executes STOP instruction to enter this mode. Possible

operational, but the SIM disables the generation |recoveries from stop mode to RUN mode are:

of system and peripheral clocks. 1. Interrupt from any peripheral configured in SD register
to operate in STOP mode.

2. Low voltage interrupt

3. Executing a debug mode entry command using the
DSC core JTAG interface.

4. Any reset.

RUN, WAIT and STOP modes provide means of enabling/disabling the peripheral and/or
system clocks as a group. Peripherals must be enabled (refer to PCEn registers) to operate
in any mode. Once enabled, their standard behavior is to operate in RUN and WAIT
modes but to be disabled in STOP mode. However, by asserting a peripheral’s STOP
disable bit (refer to SDn registers), the peripheral clock continues to operate in STOP
mode. This permits selected peripherals to remain operational in STOP mode to produce
interrupts which can recover the part from STOP mode back into RUN mode.

System clocks are individually gated in the SIM based on their specific requirements as a
function of low-power mode. Clocks specific to the DSC core processor operate only in
RUN mode. The DMAEDI field in the SIM Control register determines which low power
modes in which clocking to the DMA is enabled. Clocks to system bus slaves including
the IPBus interface, the RAM, and the flash memory, will operate in any low power
mode in which either the core processor or the DMA are enabled.

The SCIs can be configured to operate at two times the system bus rate using the
SCIn_CR control bits.

RUN, WAIT and STOP modes may be combined with the power management features of
the PMC, flash memory low power mode feature, and clock generation configuration of
the OCCS to provide a broad palette of power control techniques.
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11.3.3 STOP and WAIT Mode Disable Function

permanent
disable D Q
D-FLOP
DSC Core
> >CLKR Processor
A
RESET
re-programmable disable di
»| D Q —» stop_dis
D-FLOP

clock —B» )
select —P T >CLKR

Figure 11-45. STOP Disable Circuit

RESET

The core processor supports both STOP and WAIT instructions. Both put the CPU to
sleep. The peripheral bus continues to run in WAIT mode, but in STOP mode, only
peripherals whose SDn control is asserted continue to run. Entry into STOP or WAIT
mode does not affect the OCCS configuration and affects only the generation of system
and peripheral clocks using the master clocks from the OCCS. The OCCS may be
reconfigured prior to entering STOP or WAIT, if desired, to reduce master clock
frequencies and thus the power utilization within the OCCS.

Some applications require the DSC core's STOP/WAIT instructions to be disabled.
Control fields are provided in the CTRL register to disable WAIT and/or STOP modes.
This setting can be made irrecoverable (recoverable only at the next reset) as illustrated in
Figure 11-45, by setting the lock bit within these fields.
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11.4 Resets

The SIM supports several sources of reset.

Table 11-46. Sources of Reset

Label Source of Reset Timing
EXTR External Reset Asynchronous
POR Power-On-Reset (PMC) Asynchronous
COP_CPU COP CPU reset Asynchronous
COP_LOR COP Loss of Reference reset Synchronous
SWR Software reset (SIM) Synchronous
EZPR Ezport reset (EZPORT) Synchronous

11.5 Clocks

All system and peripheral clocks are derived in the SIM by dividing the MSTR_2X clock
from OCCS by two. Exceptions include the RAM system clock, which is a gated version
of the MSTR_2X clock, and the 2x clock option to the PWMA and SCI modules. These
clocks operate at up to the MSTR_2X clock's maximum frequency. The SIM is
responsible for stalling individual clocks as a response to holdoff requests from system
bus slaves, low power modes, and other clock configuration parameters.

11.6 Interrupts

The SIM generates no interrupts.
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Chapter 12
Interrupt Controller (INTC)

12.1 Introduction

The Interrupt Controller (INTC) module arbitrates among the various interrupt requests
(IRQs). The module supports unique interrupt vectors and programmable interrupt
priority. It signals to the DSC core when an interrupt of sufficient priority exists and to
what address to jump to service this interrupt.

12.1.1 References
e DSP56800E DSC Core Reference Manual

12.1.2 Features

The INTC module design has these distinctive features:
* Programmable priority levels for each IRQ
* Two programmable fast interrupts

* Notification to System Integration Module (SIM) to restart clocks when exiting wait
and stop modes

* Driving of initial address on the address bus after reset

12.1.3 Modes of Operation

The INTC module design has these major modes of operation: functional mode and wait
and stop modes.

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc. Preliminary 229
General Business Information




Introduction

* Functional mode
The INTC is in this mode by default.
* Wait and stop mode operation

In wait and stop modes, the system clocks and the core are turned off. The INTC
signals a pending IRQ to the System Integration Module (SIM) to restart the clocks
and service the IRQ. An IRQ can wake up the core only if the IRQ is enabled prior to
entering wait or stop mode.

12.1.4 Block Diagram
The following figure is a block diagram of the INTC module.

L any0
Priority »—_ Level 0
Level J—
[] | 7
2->4 | Priority /
INTA —] - /
Decode | , Encoder
I ]
| ]
|
| | —— L INT
| | |
| | | —p» VAB
| | | CONTROL
| —p IPIC
1
| |
| .
| |
| |
| | f
| — any3 iack
— Level 3
— sr[9:8]
Priority —
Level | . pic_en
| | | Priority //
' Encoder
2->4 N
INTn —— I -
Decode | —

Figure 12-1. Interrupt Controller Block Diagram
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12.2 Memory Map and Registers

This module uses 16-bit word addressing.

INTC memory map

Chapter 12 Interrupt Controller (INTC)

233?::? Register name (i‘IrYi:ittr;) Access | Reset value S:(;t:;n/
(hex)
E300 Interrupt Priority Register 0 (INTC_IPRO) 16 R/W 0000h 12.2.1/232
E301 Interrupt Priority Register 1 (INTC_IPR1) 16 R/W 0000h 12.2.2/233
E302 Interrupt Priority Register 2 (INTC_IPR2) 16 R/W 0000h 12.2.3/235
E303 Interrupt Priority Register 3 (INTC_IPRS3) 16 R/W 0000h 12.2.4/236
E304 Interrupt Priority Register 4 (INTC_IPR4) 16 R/W 0000h 12.2.5/238
E305 Interrupt Priority Register 5 (INTC_IPR5) 16 R/W 0000h 12.2.6/239
E306 Interrupt Priority Register 6 (INTC_IPR6) 16 R/W 0000h 12.2.7/240
E308 Interrupt Priority Register 8 (INTC_IPRS8) 16 R/W 0000h 12.2.8/242
E309 Interrupt Priority Register 9 (INTC_IPR9) 16 R/W 0000h 12.2.9/243
E30A Interrupt Priority Register 10 (INTC_IPR10) 16 R/W 0000h 12.2.10/245
E30B Interrupt Priority Register 11 (INTC_IPR11) 16 R/W 0000h 12.2.11/246
E30C Interrupt Priority Register 12 (INTC_IPR12) 16 R/W 0000h 12.2.12/248
E30D Vector Base Address Register (INTC_VBA) 16 R/W 0000h 12.2.13/249
E30E Fast Interrupt 0 Match Register (INTC_FIMO) 16 R/W 0000h 12.2.14/250
E30F Z;?Fé’itﬁw’pf’&% Vector Address Low Register 16 R/W 0000h | 12.2.15/250
E310 Zi?;é’fﬁ{{,f;g)vecmr Address High Register 16 R/W 0000h | 12.2.16/251
E311 Fast Interrupt 1 Match Register (INTC_FIM1) 16 R/W 0000h 12.2.17/251
E312 Ziﬁ;gfﬁ{{lﬁ 11) Vector Address Low Register 16 R/W 0000h | 12.2.18/252
E313 E;?Fé’itﬁlr{/f;:)vecmr Address High Register 16 RIW 0000h | 12.2.19/252
E314 IRQ Pending Register 0 (INTC_IRQPO) 16 R FFFFh 12.2.20/253
E315 IRQ Pending Register 1 (INTC_IRQP1) 16 R FFFFh 12.2.21/253
E316 IRQ Pending Register 2 (INTC_IRQP2) 16 R FFFFh 12.2.22/254
E317 IRQ Pending Register 3 (INTC_IRQP3) 16 R FFFFh 12.2.23/254
E318 IRQ Pending Register 4 (INTC_IRQP4) 16 R FFFFh 12.2.24/255
E319 IRQ Pending Register 5 (INTC_IRQP5) 16 R FFFFh 12.2.25/255
E31A IRQ Pending Register 6 (INTC_IRQP®6) 16 R FFFFh 12.2.26/256
E31B Control Register (INTC_CTRL) 16 R/W 001Ch 12.2.27/256
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12.2.1 Interrupt Priority Register 0 (INTC_IPRO)
Address: E300h base + Oh offset = E300h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
aﬁﬁg Reserved Reserved BUS_ERR RX_REG TX_REG TRBUF BKPT STPCNT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPRO field descriptions
Field Description
15-14 This field is reserved.
Reserved Do not modify this bitfield.
13-12 This field is reserved.
Reserved Do not modify this bitfield.
11-10 Bus Error Interrupt Priority Level
BUS_ERR
These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3
9-8 EONCE Receive Register Full Interrupt Priority Level
RX_REG
These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3
7-6 EONCE Transmit Register Empty Interrupt Priority Level
TX_REG
These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3
5-4 EONCE Trace Buffer Interrupt Priority Level
TRBUF
These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3
Table continues on the next page...
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INTC_IPRO field descriptions (continued)

Field Description

3-2 EONCE Breakpoint Interrupt Priority Level

BKPT
These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to

priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

1-0 EONCE Step Counter Interrupt Priority Level
STPCNT

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

12.2.2 Interrupt Priority Register 1 (INTC_IPR1)

Address: E300h base + 1h offset = E301h

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

Qeid TMRB_O | TMRB_1 TMRB_2 | TMRB_3 oCccs LVI1 XBARA 0
rite

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

INTC_IPR1 field descriptions

Field Description

15-14 Timer B Channel O Interrupt Priority Level

TMRB_0
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited

to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 Timer B Channel 1 Interrupt Priority Level
TMRB_1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

Table continues on the next page...
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INTC_IPR1 field descriptions (continued)

Field

Description

11-10
TMRB_2

Timer B Channel 2 Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8
TMRB_3

Timer B Channel 3 Interrupt Priority Level

This field is used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited to
priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6
OCCSs

PLL Loss of Reference or Change in Lock Status Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

5-4
LVI1

Low Voltage Detector Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

3-2
XBARA

Inter-Peripheral Crossbar Switch A (XBARA) Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

1-0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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12.2.3 Interrupt Priority Register 2 (INTC_IPR2)
Address: E300h base + 2h offset = E302h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
aﬁﬁg ADC_COCO | ADC_ERR | ADC_CCoO ADC_CCH1 TMRA_O TMRA_1 TMRA_2 TMRA_3
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPR2 field descriptions
Field Description
15-14 ADC_SAR Conversion Complete Interrupt Priority Level
ADC_COCO
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
13-12 ADC_CYC Zero Crossing, High Limit, or Low Limit Interrupt Priority Level
ADC_ERR
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
11-10 ADC_CYC Conversion Complete Interrupt Priority Level (any scan type except converter B in non-
ADC_CCO simultaneous parallel scan mode)
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
9-8 ADC_CYC Conversion Complete Interrupt Priority Level (converter B in non-simultaneous parallel scan
ADC_CC1 mode)
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-6 Timer A Channel O Interrupt Priority Level
TMRA_O

Table continues on the next page...
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INTC_IPR2 field descriptions (continued)

Field Description
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 Timer A Channel 1 Interrupt Priority Level
TMRA_1
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 Timer A Channel 2 Interrupt Priority Level
TMRA_2
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
1-0 Timer A Channel 3 Interrupt Priority Level
TMRA_3
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
12.2.4 Interrupt Priority Register 3 (INTC_IPR3)
Address: E300h base + 3h offset = E303h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read | cAN_TX CAN CAN_BUS_ | CAN_MB
Write WARN ERROR OFF OR DMACHO DMACHH1 DMACH2 DMACHS3

Reset 0 0

0 0

0 0

INTC_IPRS field descriptions

0 0

0 0

0 0

0 0

0 0

Field

Description

15-14

CAN Transmit Warning Interrupt Priority Level

CAN_TX_WARN

Table continues on the next page...
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INTC_IPRS field descriptions (continued)

Field Description
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
13-12 CAN Error Interrupt Priority Level
CAN_ERROR
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
11-10 CAN Bus Off Interrupt Priority Level
CAN_BUS_OFF
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
9-8 CAN Message Bulffer Interrupt Priority Level
CAN_MB_OR
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-6 DMA Channel 0 Service Request Interrupt Priority Level
DMACHO
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 DMA Channel 1 Service Request Interrupt Priority Level
DMACH}1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1

11 IRQ Priority Level 2

Table continues on the next page...
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INTC_IPRS field descriptions (continued)

Field Description
3-2 DMA Channel 2 Service Request Interrupt Priority Level
DMACH2

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 DMA Channel 3 Service Request Interrupt Priority Level
DMACHS3

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

12.2.5 Interrupt Priority Register 4 (INTC_IPR4)

Address: E300h base + 4h offset = E304h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read QSCI1_ 0 CAN_ CAN_RX_
write | &SRV ReRR WAKEUP WARN

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

INTC_IPR4 field descriptions

Field Description
15-14 QSCI 1 Receive Data Register Full Interrupt Priority Level
QSCI1_RCV

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 QSCI 1 Receiver Error Interrupt Priority Level
QSCI1_RERR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

Table continues on the next page...
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INTC_IPR4 field descriptions (continued)

Field Description
11-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-2 CAN Wakeup Interrupt Priority Level
CAN_WAKEUP

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 CAN Receive Warning Interrupt Priority Level
CAN_RX_WARN

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

12.2.6 Interrupt Priority Register 5 (INTC_IPR5)

Address: E300h base + 5h offset = E305h

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

Read 0 QSClo_ | QsClo_ QSCIO_ | QSCH_ | QSCi_
wmei TDRE TipLe | 9SCIO-RCV | gepg TDRE TIDLE

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

INTC_IPRS5 field descriptions

Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-10 QSCI 0 Transmit Data Register Empty Interrupt Priority Level
QSCIO_TDRE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 QSCI 0 Transmitter Idle Interrupt Priority Level
QSCIO_TIDLE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

Table continues on the next page...
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INTC_IPRS5 field descriptions (continued)

Field Description
00 IRQ disabled (default)

01 IRQ Priority Level 0

10 IRQ Priority Level 1

11 IRQ Priority Level 2

7-6 QSCI 0 Receive Data Register Full Interrupt Priority Level
QSCI0_RCV

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 QSCIO0 Receiver Error Interrupt Priority Level
QSCI0_RERR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 QSCI 1 Transmit Data Register Empty Interrupt Priority Level
QSCI1_TDRE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 QSCI 1 Transmitter Idle Interrupt Priority Level
QSCI1_TIDLE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

12.2.7 Interrupt Priority Register 6 (INTC_IPR6)

Address: E300h base + 6h offset = E306h

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

5veid 0 IICO ex QSPI0_RCV | QSPIO_XMIT | QSPI1_RCV | QSPIH_XMIT
rite

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Chapter 12 Interrupt Controller (INTC)

INTC_IPRG field descriptions

Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-10 IICO Interrupt Priority Level
lICO

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 [IC1 Interrupt Priority Level
lIC1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 QSPI0 Receiver Full Interrupt Priority Level
QSPIO_RCV

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 QSPI0 Transmitter Empty Interrupt Priority Level
QSPIO_XMIT

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 QSPI1 Receiver Full Interrupt Priority Level
QSPI1_RCV

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 QSPI1 Transmitter Empty Interrupt Priority Level
QSPI_XMIT

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

Table continues on the next page...
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INTC_IPRG6 field descriptions (continued)

Field Description
00 IRQ disabled (default)

01 IRQ Priority Level 0

10 IRQ Priority Level 1

11 IRQ Priority Level 2

12.2.8 Interrupt Priority Register 8 (INTC_IPRS8)

Address: E300h base + 8h offset = E308h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read PWMA_ PWMA_ PWMA_ 0
write | WMA_CAP | BE| 0AD3 RERR FAULT

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

INTC_IPRS field descriptions

Field Description
15-14 PWMA Submodule Capture Interrupt Priority Level
PWMA_CAP

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

The IRQ represented by this field is a logical OR of input captures for PWMA's submodules 0-3:
PWMA_CAP3 | PWMA_CAP2 | PWMA_CAP1 | PWMA_CAPOQ.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 PWMA Submodule 3 Reload Interrupt Priority Level

PWMA _
RELOAD3 These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited

to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10 PWMA Reload Error Interrupt Priority Level
PWMA_RERR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 PWMA Fault Interrupt Priority Level
PWMA_FAULT

Table continues on the next page...
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Chapter 12 Interrupt Controller (INTC)
INTC_IPRS field descriptions (continued)

Field Description
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12.2.9 Interrupt Priority Register 9 (INTC_IPR9)
Address: E300h base + 9h offset = E309h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read FTFL_ PWMA_ PWMA_ PWMA_ PWMA_ PWMA_ PWMA_ PWMA_
Write RDCOL CMPO RELOADO CMP1 RELOAD1 CMP2 RELOAD2 CMP3
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPR9 field descriptions
Field Description
15-14 FTFL Access Error Priority Level
FTFL_RDCOL
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
13-12 PWMA Submodule 0 Compare Interrupt Priority Level
PWMA_CMPOQ
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
11-10 PWMA Submodule 0 Reload Interrupt Priority Level
PWMA_
RELOADO These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0

Table continues on the next page...
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INTC_IPR9 field descriptions (continued)

Field Description

10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 PWMA Submodule 1 Compare Interrupt Priority Level
PWMA_CMP1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 PWMA Submodule 1 Reload Interrupt Priority Level

PWMA_
RELOAD1 These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited

to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 PWMA Submodule 2 Compare Interrupt Priority Level
PWMA_CMP2

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 PWMA Submodule 2 Reload Interrupt Priority Level

PWMA_
RELOAD?2 These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited

to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 PWMA Submodule 3 Compare Interrupt Priority Level
PWMA_CMP3

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
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12.2.10 Interrupt Priority Register 10 (INTC_IPR10)

Address: E300h base + Ah offset = E30Ah

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read PITO PIT1
Write | PDB1 ROLLOVR | ROLLOVR |  CMPA CMPB CMPC CMPD FTFL_CC
Rest 0 0 o0 o0 O O O O] 0O O O 0 o0 0 0 0

INTC_IPR10 field descriptions

Field Description

15-14 PDB1 Interrupt Priority Level
PDB1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 PITO Roll Over Interrupt Priority Level
PITO_ROLLOVR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10 PIT1 Roll Over Interrupt Priority Level
PIT1_ROLLOVR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 Comparator A Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 Comparator B Interrupt Priority Level
CMPB

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

Table continues on the next page...
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INTC_IPR10 field descriptions (continued)

Field Description
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 Comparator C Interrupt Priority Level

CMPC

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 Comparator D Interrupt Priority Level

CMPD

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 FTFL Command Complete Interrupt Priority Level

FTFL_CC
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
12.2.11 Interrupt Priority Register 11 (INTC_IPR11)
Address: E300h base + Bh offset = E30Bh
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
read | o piop GPIOE GPIOF GPIOG ENC_ ENC_ | Enc_INDEX| PDBO
Write COMPARE | HOME_DOG -

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

INTC_IPR11 field descriptions

Field Description

15-14 GPIO D Interrupt Priority Level
GPIOD

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
Table continues on the next page...
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Chapter 12 Interrupt Controller (INTC)
INTC_IPR11 field descriptions (continued)

Field Description
01 IRQ Priority Level 0

10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 GPIO E Interrupt Priority Level
GPIOE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10 GPIO F Interrupt Priority Level
GPIOF

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 GPIO G Interrupt Priority Level
GPIOG

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 Quad Decoder Compare Interrupt Priority Level
ENC_COMPARE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 Quad Decoder Home/Watchdog Interrupt Priority Level
ENC_HOME_ . i o . . o
DOG These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited

to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 Quad Decoder Index Interrupt Priority Level
ENC_INDEX

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

Table continues on the next page...
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INTC_IPR11 field descriptions (continued)

Field Description
00 IRQ disabled (default)

01 IRQ Priority Level 0

10 IRQ Priority Level 1

11 IRQ Priority Level 2

1-0 PDBO Interrupt Priority Level
PDBO

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

12.2.12 Interrupt Priority Register 12 (INTC_IPR12)

Address: E300h base + Ch offset = E30Ch

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

svef";d 0 0 0 EWM_INT | COP_INT GPIOA GPIOB GPIOC
rite

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

INTC_IPR12 field descriptions

Field Description
15-14 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
13-12 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
11-10 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
9-8 External Watchdog Monitor Interrupt Priority Level

EWM_INT

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 COP Watchdog Interrupt Priority Level
COP_INT

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0

Table continues on the next page...
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Chapter 12 Interrupt Controller (INTC)
INTC_IPR12 field descriptions (continued)

Field Description

10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 GPIO A Interrupt Priority Level
GPIOA

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

32 GPIO B Interrupt Priority Level
GPIOB

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

1-0 GPIO C Interrupt Priority Level
GPIOC

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

12.2.13 Vector Base Address Register (INTC_VBA)

Address: E300h base + Dh offset = E30Dh

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

Read 0 VECTOR_BASE_ADDRESS
Write

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

INTC_VBA field descriptions

Field Description
15-13 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
12-0 Interrupt Vector Base Address

VECTOR_BASE_ o . . , . .
ADDRESS The value in this register is used as the upper 13 bits of the interrupt vector VAB[20:0]. The lower 8 bits

are determined based on the highest priority interrupt and are then appended onto the
VECTOR_BASE_ADDRESS before presenting the full Vector Address Bus [VAB] to the Core.

Table continues on the next page...
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INTC_VBA field descriptions (continued)

Field Description

NOTE: After power-on reset, the device must boot from program flash at 0x00_0000, so VBA always
resets to zeros.

12.2.14 Fast Interrupt 0 Match Register (INTC_FIMO)

Address: E300h base + Eh offset = E30Eh
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read FAST_INTERRUPT_O
Write

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

INTC_FIMO field descriptions

Field Description
15-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0 Fast Interrupt 0 Vector Number
FAST_

INTERRUPT 0 |These values are used to declare which two IRQs will be Fast Interrupts. Fast Interrupts vector directly to
a service routine based on values in the Fast Interrupt Vector Address registers without having to go to a
jump table first. IRQs used as fast interrupts MUST be set to priority level 2. Unexpected results will occur
if a fast interrupt vector is set to any other priority. Fast interrupts automatically become the highest priority
level 2 interrupt regardless of their location in the interrupt table prior to being declared as fast interrupt.
Fast interrupt 0 has priority over fast interrupt 1. To determine the vector number of each IRQ, refer to the
vector table in the memory section of the system specification in this document.

12.2.15 Fast Interrupt 0 Vector Address Low Register (INTC_FIVALDO)

This low register is combined with the corresponding high register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + Fh offset = E30Fh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write FI_0_VECTOR_ADDRESS_LOW

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

INTC_FIVALO field descriptions

Field Description
15-0 Lower 16 bits of vector address for fast interrupt 0
FI_0_VECTOR_
ADDRESS_LOW
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12.2.16 Fast Interrupt 0 Vector Address High Register (INTC_FIVAHO)

This high register is combined with the corresponding low register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 10h offset = E310h
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read FI_0_VECTOR_ADDRESS_HIGH
Write

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

INTC_FIVAHO field descriptions

Field Description
15-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Upper 5 bits of vector address for fast interrupt 0
FI_0_VECTOR_
ADDRESS_HIGH

12.2.17 Fast Interrupt 1 Match Register (INTC_FIM1)

Address: E300h base + 11h offset = E311h

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

Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_FIM1 field descriptions

FAST_INTERRUPT_1

Field Description
15-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0 Fast Interrupt 1 Vector Number
FAST_

INTERRUPT 1 |These values are used to declare which two IRQs will be Fast Interrupts. Fast Interrupts vector directly to
a service routine based on values in the Fast Interrupt Vector Address registers without having to go to a
jump table first. IRQs used as fast interrupts MUST be set to priority level 2. Unexpected results will occur
if a fast interrupt vector is set to any other priority. Fast interrupts automatically become the highest priority
level 2 interrupt regardless of their location in the interrupt table prior to being declared as fast interrupt.
Fast interrupt O has priority over fast interrupt 1. To determine the vector number of each IRQ, refer to the
vector table in the memory section of the system specification in this document.
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12.2.18 Fast Interrupt 1 Vector Address Low Register (INTC_FIVAL1)

This low register is combined with the corresponding high register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 12h offset = E312h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write FI_1_VECTOR_ADDRESS_LOW

Reset 0 0

o o o o o0 o0 o0 0 0

INTC_FIVALA1 field descriptions

Field Description
15-0 Lower 16 bits of vector address for fast interrupt 1
FI_1_VECTOR_
ADDRESS_LOW

12.2.19 Fast Interrupt 1 Vector Address High Register (INTC_FIVAH1)

This high register is combined with the corresponding low register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 13h offset = E313h

Bit 15 14 13 12 11 10 9 8 | 7 6 5

4

3 2 1 0

Read
Write

FI_1_VECTOR_ADDRESS_HIGH

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

INTC_FIVAH1 field descriptions

0

0 0 0 0

Field Description
15-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Upper 5 bits of vector address for fast interrupt 1
FI_1_VECTOR_
ADDRESS_HIGH
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Chapter 12 Interrupt Controller (INTC)

12.2.20 IRQ Pending Register 0 (INTC_IRQPO0)

Address: E300h base + 14h offset = E314h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[16:2] 1
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQPO field descriptions
Field Description
15-1 Pending IRQs

PENDING[16:2] ) ] ] )
These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

NOTE: For interrupt vector numbers 2-16, the edge triggered IRQ's status shown by the corresponding
INTC_IRQPN[PENDING] bit depends on when the IRQ Pending register is read. Before the ISR
is entered, the PENDING bit shows that the IRQ is pending. After the ISR is entered, the
PENDING bit shows that the IRQ is not pending.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

12.2.21 IRQ Pending Register 1 (INTC_IRQP1)

Address: E300h base + 15h offset = E315h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[32:17]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQP1 field descriptions
Field Description
15-0 Pending IRQs

PENDING[32:17] ] ] ] .
These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

NOTE: For interrupt vector numbers 17-20, the edge triggered IRQ's status shown by the
corresponding INTC_IRQPn[PENDING] bit depends on when the IRQ Pending register is read.
Before the ISR is entered, the PENDING bit shows that the IRQ is pending. After the ISR is
entered, the PENDING bit shows that the IRQ is not pending.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number
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12.2.22 |IRQ Pending Register 2 (INTC_IRQP2)
Address: E300h base + 16h offset = E316h
Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[48:33]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQP2 field descriptions
Field Description
15-0 Pending IRQs

PENDING[48:33]

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

12.2.23 IRQ Pending Register 3 (INTC_IRQP3)
Address: E300h base + 17h offset = E317h
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[64:49]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQPS field descriptions
Field Description
15-0 Pending IRQs

PENDING[64:49]

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number
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12.2.24 IRQ Pending Register 4 (INTC_IRQP4)
Address: E300h base + 18h offset = E318h
Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[80:65]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQP4 field descriptions
Field Description
15-0 Pending IRQs

PENDING[80:65]

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

12.2.25 |IRQ Pending Register 5 (INTC_IRQP5)
Address: E300h base + 19h offset = E319h
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[96:81]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQPS5 field descriptions
Field Description
15-0 Pending IRQs

PENDING[96:81]

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc.

Preliminary 255

General Business Information



A ————
Memory Map and Registers

12.2.26 IRQ Pending Register 6 (INTC_IRQP6)

Address: E300h base + 1Ah offset = E31Ah

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 1 PENDING[110:97]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQPE6 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
13-0 Pending IRQs

PENDING[110:97]
These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

NOTE: The total number of vectors is 110, but priority-register bitfields are not yet assigned for 3 of
these vectors.

NOTE: For interrupt vector number 110, the edge triggered IRQ's status shown by the corresponding
INTC_IRQPN[PENDING] bit depends on when the IRQ Pending register is read. Before the
ISR is entered, the PENDING bit shows that the IRQ is pending. After the ISR is entered, the
PENDING bit shows that the IRQ is not pending.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

12.2.27 Control Register (INTC_CTRL)

Address: E300h base + 1Bh offset = E31Bh

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read | INT IPIC VAB INT 1 0
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0
INTC_CTRL field descriptions

Field Description

15 Interrupt

INT

This bit reflects the state of the interrupt to the core.

0 Nointerrupt is being sent to the core.
1 Aninterrupt is being sent to the core.

Table continues on the next page...
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INTC_CTRL field descriptions (continued)

Field Description

14-13 Interrupt Priority Level

IPIC
These bits reflect the new interrupt priority level bits being sent to the Core. These bits indicate the priority

level needed for a new IRQ to interrupt the current interrupt being sent to the Core. This field is only
updated when the core jumps to a new interrupt service routine.

00 Required nested exception priority levels are 0, 1, 2, or 3.
01 Required nested exception priority levels are 1, 2, or 3.
10 Required nested exception priority levels are 2 or3.

11 Required nested exception priority level is 3.

12-6 Vector number

VAB
This field shows bits [7:1] of the Vector Address Bus used at the time the last IRQ was taken. In the case

of a fast interrupt, it shows the lower address bits of the jump address. This field is only updated when the
core jumps to a new interrupt service routine.

5 Interrupt disable

INT_DIS
This bit allows the user to disable all interrupts.

0 Normal operation. (default)
1 Allinterrupts disabled.

4-2 This field is reserved.

Reserved This read-only field is reserved and always has the value 1.
1-0 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

12.3 Functional Description

The Interrupt Controller is a slave on the IPS bus. It contains registers that allow each of
the interrupt sources to be set to one of four priority levels (excluding certain interrupts
that have fixed priority). All of the interrupt requests of a given level are priority encoded
to determine the lowest numerical value of the active interrupt requests for that level.
Within a given priority level, number 0 is the highest priority, and number n-1 (where 7 is
the total number of interrupt sources) is the lowest priority.

12.3.1 Normal Interrupt Handling

After the INTC determines that an interrupt is to be serviced and which interrupt has the
highest priority, an interrupt vector address is generated. Normal interrupt handling
concatenates the vector base address (VBA) and the vector number to determine the
vector address. In this way, an offset into the vector table is generated for each interrupt.

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc. Preliminary 257
General Business Information




Functional Description

12.3.2 Interrupt Nesting

Interrupt exceptions may be nested to allow the servicing of an IRQ with higher priority
than the current exception. The DSC core controls the masking of interrupt priority levels
by setting the 10 and I1 bits in its status register (SR).

Table 12-29. Interrupt Mask Bit Settings in Core Status Register

1 (SR[9]) 10 (SR[8]) Exceptions Permitted Exceptions Masked
0 0 Priorities 0, 1, 2, 3 None
0 1 Priorities 1,2, 3 Priority O
1 0 Priorities 2, 3 Priorities 0, 1
1 1 Priority 3 Priorities 0, 1, 2

The IPIC field of the INTC module's CTRL register reflects the state of the priority level
that is presented to the DSC core.

Table 12-30. Interrupt Priority Level Field Settings

IPIC Current Interrupt Priority Level Required Nested Exception Priority
00 No interrupt or SWILP Priorities 0, 1, 2, 3

01 Priority 0 Priorities 1, 2, 3

10 Priority 1 Priorities 2, 3

11 Priorities 2 or 3 Priority 3

12.3.3 Fast Interrupt Handling

Fast interrupt processing is described in section 9.3.2.2 of the DSP56800E DSC Core
Reference Manual. The Interrupt Controller recognizes fast interrupts before the core
does.

A fast interrupt is defined (to the INTC) by:

1. Setting the priority of the interrupt as level 2, using the appropriate field in the [PR
registers.

2. Setting the FIMn register to the appropriate vector number.

3. Setting the FIVALn and FIVAHn registers with the address of the code for the fast
interrupt.
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When an interrupt occurs, its vector number is compared with the FIMO and FIM 1
register values. If a match occurs, and if the interrupt priority is level 2, the INTC handles
the interrupt as a fast interrupt. The INTC takes the vector address from the appropriate
FIVALn and FIV AHn registers, instead of generating an address that is an offset from the
vector base address (VBA).

The core then fetches the instruction from the indicated vector address. If the instruction
is not a JSR, the core starts its fast interrupt handling.

12.4 Resets
Table 12-31. Reset Summary

Reset Priority Source Characteristics
Core reset RST_B Core reset from the SIM

12.4.1 INTC after Reset

After reset, all INTC registers are in their default states. As a result, all interrupts are

disabled except the core IRQs with fixed priorities (Illegal Instruction, SW Interrupt 3,
HW Stack Overflow, Misaligned Long Word Access, SW Interrupt 2, SW Interrupt 1,
SW Interrupt 0, and SW Interrupt LP), which are enabled at their fixed priority levels.

12.5 Clocks

The INTC has two clock inputs: the System clock and IPS Bus clock. Both signals are the
same frequency and should be in phase with each other. The System clock is used to all
signals on the system side, and the IPS Bus clock is used for all accesses to the INTC's
registers.

Table 12-32. Clock Summary

Clock Priority Source Characteristics
sys_clk System Clock
ipg_clk IPS Bus Clock
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12.5.1 System Clock

All interrupts from modules on the system bus, as well as all communication with the
core, occur using the system clock.

12.5.2 IPS Bus Clock

The INTC module is a slave on the IPS Bus. The IPS Bus Clock is used for timing for
reads and writes of the INTC registers as well as for reading the peripheral interrupt
signals. This clock should have the same frequency and phase as the system clock.

12.6 Interrupts

This module does not produce interrupts.
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Chapter 13
DMA Controller

13.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

This chapter describes the direct memory access (DMA) controller module. It provides an
overview of the module and describes in detail its signals and programming model. The
latter sections of this chapter describe operations, features, and supported data transfer
modes in detail.

Note

The designation 7 is used throughout this section to refer to
registers or signals associated with one of the four identical
DMA channels: DMAO, DMA1, DMA2, or DMA3.

13.1.1 Overview

The DMA controller module enables fast transfers of data, providing an efficient way to
move blocks of data with minimal processor interaction. The DMA module, shown in the
following figure, has four channels that allow byte, word, or longword data transfers.
Each channel has a dedicated source address register (SARn), destination address register
(DARR), status register (DSRn), byte count register (BCR#n), and control register
(DCRn). Collectively, the combined program-visible registers associated with each
channel define a transfer control descriptor (TCD). All transfers are dual address, moving
data from a source memory location to a destination memory location with the module
operating as a 32-bit bus master connected to the system bus. The programming model is
accessed through a 32-bit connection with the slave peripheral bus. DMA data transfers
may be explicitly initiated by software or by peripheral hardware requests.
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The following figure is a simplified block diagram of the 4-channel DMA controller.
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Control
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Control )
Registered Addr
Read Data Bus Write Data Bus Phase Bus Signals

Figure 13-1. 4-Channel DMA Block Diagram

The terms peripheral request and DREQ refer to a DMA request from one of the on-chip
peripherals or package pins. The DMA provides hardware handshake signals: either a
DMA acknowledge (DACK) or a done indicator back to the peripheral.For details on the
connections associated with DMA request inputs, see the register definition for DMA
Request Control (DMAREQC).

13.1.2 Features

The DMA controller module features:
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* Four independently programmable DMA controller channels

* Dual-address transfers via 32-bit master connection to the system bus

e Data transfers in 8-, 16-, or 32-bit blocks

* Continuous-mode or cycle-steal transfers from software or peripheral initiation

* One programmable input selected from 16 possible peripheral requests per channel
* Automatic hardware acknowledge/done indicator from each channel
 Independent source and destination address registers

* Optional modulo addressing and automatic updates of source and destination
addresses

* Independent transfer sizes for source and destination

* Optional auto-alignment feature for source or destination accesses
* Optional automatic single or double channel linking

* Programming model accessed via 32-bit slave peripheral bus

* Channel arbitration on transfer boundaries using fixed priority scheme

13.2 DMA Transfer Overview

The DMA module can move data within system memory (including memory and
peripheral devices) with minimal processor intervention, greatly improving overall
system performance. The DMA module consists of four independent, functionally
equivalent channels, so references to DMA in this chapter apply to any of the channels. It
1s not possible to address all four channels at once.

As soon as a channel has been initialized, it may be started by setting DCRn[START] or
a properly-selected peripheral DMA request, depending on the status of DCRn[ERQ)].
Each channel can be programmed to select one peripheral request from a set of 16
possible request inputs.

The DMA controller supports dual-address transfers using its bus master connection to
the system bus. The DMA channels support transfers up to 32 data bits in size and have
the same memory map addressibility as the processor.
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* Dual-address transfers—A dual-address transfer consists of a read followed by a
write and is initiated by a request using the DCRn[START] bit or by a peripheral
DMA request. The read data is temporarily held in the DMA channel hardware until
the write operation. Two types of single transfers occur: a read from a source address
followed by a write to a destination address. See the following figure.

Control and Data

Memory/
ﬂ Peripheral

DMA

w‘ Memory/

Peripheral
Control and Data

Figure 13-2. Dual-Address Transfer

Any operation involving a DMA channel follows the same three steps:

1. Channel initialization—The transfer control descriptor, contained in the channel
registers, is loaded with address pointers, a byte-transfer count, and control
information using accesses from the slave peripheral bus.

2. Data transfer—The DMA accepts requests for data transfers. Upon receipt of a
request, it provides address and bus control for the transfers via its master connection
to the system bus and temporary storage for the read data. The channel performs one
or more source read and destination write data transfers.

3. Channel termination—Occurs after the operation is finished successfully or due to an
error. The channel indicates the operation status in the channel's DSR, described in
the definitions of the DMA Status Registers (DSRn) and Byte Count Registers
(BCRn).

13.3 Memory Map and Registers

Descriptions of each register and its bit assignments follow. Modifying DMA control
registers during a transfer can result in undefined operation. The following table shows
the mapping of DMA controller registers. The DMA programming model is accessed via
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the slave peripheral bus. The concatenation of the source and destination address
registers, the status and byte count register, and the control register create a 128-bit
transfer control descriptor (TCD) that defines the operation of each DMA channel.

NOTE
On this chip, these registers are addressed in 16-bit words. The
base address and offsets are presented in words.

DMA memory map

Absolute i i
address Register name (ivryllgitt';) Access | Reset value Se(;t':n/
(hex) pag
C800 DMA Request Control Register (DMA_REQC) 32 R/W 0000_0000h | 13.3.1/265
C880 Source Address Register (DMA_SARO) 32 R/W | 0000_0000h | 13.3.2/269
C882 Destination Address Register (DMA_DARO) 32 R/W 0000_0000h | 13.3.3/270
DMA Status Register / Byte Count Register
C884 (DMA_DSR_BCRO) 32 R/W | 0000_0000h | 13.3.4/270
C886 DMA Control Register (DMA_DCRO) 32 R/W | 0000_0000h | 13.3.5/273
C8s88 Source Address Register (DMA_SAR1) 32 R/W | 0000_0000h | 13.3.2/269
C88A Destination Address Register (DMA_DART1) 32 R/W 0000_0000h | 13.3.3/270
DMA Status Register / Byte Count Register
C88C (DMA_DSR_BCR1) 32 R/W | 0000_0000h | 13.3.4/270
C88E DMA Control Register (DMA_DCR1) 32 R/W | 0000_0000h | 13.3.5/273
C890 Source Address Register (DMA_SAR2) 32 R/W 0000_0000h | 13.3.2/269
C892 Destination Address Register (DMA_DAR2) 32 R/W | 0000_0000h | 13.3.3/270
DMA Status Register / Byte Count Register
C894 (DMA_DSR_BCR?) 32 R/W | 0000_0000h | 13.3.4/270
C896 DMA Control Register (DMA_DCR2) 32 R/W | 0000_0000h | 13.3.5/273
C898 Source Address Register (DMA_SAR3) 32 R/W 0000_0000h | 13.3.2/269
C89A Destination Address Register (DMA_DARS3) 32 R/W | 0000_0000h | 13.3.3/270
DMA Status Register / Byte Count Register
C89C (DMA_DSR_BCR3) 32 R/W | 0000_0000h | 13.3.4/270
C89E DMA Control Register (DMA_DCR3) 32 R/W | 0000_0000h | 13.3.5/273

13.3.1 DMA Request Control Register (DMA_REQC)

This register provides a software-controlled connection matrix for DMA requests and
acknowledges. Each channel supports 16 possible peripheral requests. The register is
programmed to select one peripheral request from the available sources for each channel
of the DMA controller. Additionally, the register routes a DMA acknowledge from the
channel back to the appropriate peripheral. Writing to this register determines the exact
routing of the DMA requests to each of the four channels of the DMA module.
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If DCRn[ERQ)] is set and the channel is idle, the assertion of the appropriate DREQn
signal activates channel n.

The connections of the DMA request sources to the specific channels are device-specific.
Refer to the Chip Configuration details for more information.

Address: C800h base + 0h offset = C800h

Bit 31

o

Reset

Bit

29 28 27 26 25 24 19 18 17 16

DMACO DMACH1

o
o
o
o
o
o
o
o
o
o
o
o
o
o

DMAC2 DMAC3

Reset 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
DMA_REQC field descriptions
Field Description
31 Clear state machine control 0

CFSMO
This bit clears the state machine for DMA channel 0. When changing the DMACO field to select a different
requester, set (write 1) to the CFSMO bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.
0 No effect
1 Clear state machine for DMA channel 0

30-28 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

2724 DMA channel 0

DMACO ] o ] ) )
This four-bit field defines the logical connection between the DMA requesters and DMA channel 0. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 0. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMACO controls DMA channel 0.
The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.
The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.
0000 Select request 0 as the source

Table continues on the next page...
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DMA_REQC field descriptions (continued)

Field Description
0001 Select request 1 as the source
0010 Select request 2 as the source
0011  Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111  Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011  Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source
23 Clear state machine control 1

CFSMA1
This bit clears the state machine for DMA channel 1. When changing the DMACH1 field to select a different
requester, set (write 1) to the CFSM1 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.
0 No effect
1 Clear state machine for DMA channel 1

22-20 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

19-16 DMA channel 1

DMACH1
This four-bit field defines the logical connection between the DMA requesters and DMA channel 1. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 1. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC1 controls DMA channel 1.
The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.
The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.
0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111  Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011  Select request 11 as the source
1100 Select request 12 as the source

Table continues on the next page...
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DMA_REQC field descriptions (continued)

Field

Description

1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

15
CFSM2

Clear state machine control 2

This bit clears the state machine for DMA channel 2. When changing the DMAC2 field to select a different
requester, set (write 1) to the CFSM2 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 2

14-12
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

11-8
DMAC2

DMA channel 2

This four-bit field defines the logical connection between the DMA requesters and DMA channel 2. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 2. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMAC2 controls DMA channel 2.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111  Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011  Select request 11 as the source
1100 Select request 12 as the source
1101 Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

CFSM3

Clear state machine control 3

This bit clears the state machine for DMA channel 3. When changing the DMACS field to select a different
requester, set (write 1) to the CFSM3 bit to clear the channel's state machine. Writing 0 to this bit has no
effect. The bit always reads as 0.

0 No effect
1 Clear state machine for DMA channel 3

Table continues on the next page...
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DMA_REQC field descriptions (continued)

Field Description
6—4 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
3-0 DMA channel 3

DMAC3

This four-bit field defines the logical connection between the DMA requesters and DMA channel 3. There
are sixteen possible requesters per channel and any request from the possible sources can be routed to
the DMA channel 3. Effectively, the DMAREQC register provides a software-controlled routing matrix of
the DMA request signals to the 4 channels of the DMA module. DMACS3 controls DMA channel 3.

The DMA also uses this register to control the broadcasting of acknowledge/done signals back to the
selected peripheral to complete the hardware-initiated data transfer.

The definition of the 16 possible DMA request sources for each channel is device specific. Refer to the
Chip Configuration details for more information.

0000 Select request 0 as the source
0001 Select request 1 as the source
0010 Select request 2 as the source
0011 Select request 3 as the source
0100 Select request 4 as the source
0101 Select request 5 as the source
0110 Select request 6 as the source
0111 Select request 7 as the source
1000 Select request 8 as the source
1001 Select request 9 as the source
1010 Select request 10 as the source
1011 Select request 11 as the source
1100 Select request 12 as the source
1101  Select request 13 as the source
1110 Select request 14 as the source
1111 Select request 15 as the source

13.3.2 Source Address Register (DMA_SARnN)

Address: C800h base + 80h offset + (8d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
w SAR

ResetOOOO0OO000OOOOOO|OOOOOOOOOOOOOOOO

DMA_SARn field descriptions

Field Description
31-0 Each SAR contains the byte address used by the DMA controller to read data. The SARn is typically
SAR aligned on a 0-modulo-ssize boundary—that is, on the natural alignment of the source data.

NOTE: Most peripheral modules on this chip are addressed in terms on 16-bit words. However, the DMA
controller expects a byte address for every module. As a result, in the SARn and DARn registers,
the user must always specify a byte address (which is double the value of a 16-bit word address).
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13.3.3 Destination Address Register (DMA_DARN)

Address: C800h base + 82h offset + (8d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
W DAR

ResetOOOO000OOOOOOOOO|OOOOO00000000000

DMA_DARnN field descriptions

Field Description
31-0 Each DAR contains the byte address used by the DMA controller to write data. The DARn is typically
DAR aligned on a 0-modulo-dsize boundary—that is, on the natural alignment of the destination data.

NOTE: Most peripheral modules on this chip are addressed in terms on 16-bit words. However, the DMA
controller expects a byte address for every module. As a result, in the SARn and DARN registers,
the user must always specify a byte address (which is double the value of a 16-bit word address).

13.3.4 DMA Status Register / Byte Count Register (DMA_DSR_BCRn)

DSR and BCR are two logical registers that occupy one 32-bit address. DSRn occupies
bits 31-24, and BCRn occupies bits 23—0. DSRn contains flags indicating the channel
status, and BCRn contains the number of bytes yet to be transferred for a given block.

On the successful completion of the write transfer, BCRn decrements by 1, 2, or 4 for
byte, word, or longword accesses, respectively. BCRn is cleared if a 1 is written to
DSR[DONE].

In response to an event, the DMA controller writes to the appropriate DSRn bit. Only a
write to DSRn[DONE] results in action. DSRn[DONE] is set when the block transfer is
complete.

When a transfer sequence is initiated and BCRn[BCR] is not a multiple of 4 or 2 when
the DMA is configured for longword or word transfers, respectively, DSRn[CE] is set
and no transfer occurs.
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Address: C800h base + 84h offset + (8d x i), where i=0d to 3d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o L
R| 0 | CE |BES|BED| 0 mw | BSY| §
o
a
BCR
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
BCR
W
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
DMA_DSR_BCRn field descriptions
Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 Configuration error
CE
A configuration error occurs when any of the following conditions occurs:
¢ BCR, SAR, or DAR does not match the requested transfer size.
* SSIZE or DSIZE is set to an unsupported value.
* BCR equals 0 when the DMA receives a start condition.
CE is cleared at hardware reset or by writing a 1 to the DONE bit.
0 No configuration error exists.
1 A configuration error has occurred.
29 Bus error on source
BES
BES is cleared at hardware reset or by writing a 1 to the DONE bit.
0 No bus error occurred.
1 The DMA channel terminated with a bus error during the read portion of a transfer.
28 Bus error on destination
BED
BED is cleared at hardware reset or by writing a 1 to the DONE bit.
0 No bus error occurred.
1 The DMA channel terminated with a bus error during the write portion of a transfer.
Table continues on the next page...
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DMA_DSR_BCRn field descriptions (continued)

Field Description
27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 Request
REQ

0 No request is pending or the channel is currently active. Cleared when the channel is selected.
1 The DMA channel has a transfer remaining and the channel is not selected.

25 Busy
BSY

0 DMA channel is inactive. Cleared when the DMA has finished the last transaction.
1 BSY is set the first time the channel is enabled after a transfer is initiated.

24 Transactions done

DONE
Set when all DMA controller transactions complete as determined by transfer count, or based on error

conditions. When BCR reaches zero, DONE is set when the final transfer completes successfully. DONE
can also be used to abort a transfer by resetting the status bits. When a transfer completes, software must
clear DONE before reprogramming the DMA.

0 DMA transfer is not yet complete. Writing a 0 has no effect.

1 DMA transfer completed. Writing a 1 to this bit clears all DMA status bits and should be used in an
interrupt service routine to clear the DMA interrupt and error bits.

23-0 This field contains the number of bytes yet to be transferred for a given block.
BCR
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13.3.5 DMA Control Register (DMA_DCRn)

Address: C800h base + 86h offset + (8d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EINT | ERQ | CS SINC SSIZE DINC DSIZE

Reserved
Reserved

START

Reset 0 0 0

o
o
o
o
o
o
o
o
o

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
0
SMOD DMOD o LINKCC LCH1 LCH2
A
w

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

DMA_DCRn field descriptions

Field Description

31 Enable interrupt on completion of transfer

EINT
Determines whether an interrupt is generated by completing a transfer or by the occurrence of an error
condition.

0 Nointerrupt is generated.
1 Interrupt signal is enabled.

30 Enable peripheral request
ERQ

CAUTION: Be careful: a collision can occur between the START bit and D_REQ when the ERQ bit is 1.

0 Peripheral request is ignored.
1 Enables peripheral request, defined by the appropriate REQC[DMACN] field, to initiate transfer. A
software-initiated request (setting the START bit) is always enabled.

29 Cycle steal
Cs

0 DMA continuously makes read/write transfers until the BCR decrements to 0.
1 Forces a single read/write transfer per request.

28 Auto-align
AA

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description
AA and SIZE bits determine whether the source or destination is auto-aligned; that is, transfers are
optimized based on the address and size.
0 Auto-align disabled
1 If SSIZE indicates a transfer no smaller than DSIZE, source accesses are auto-aligned; otherwise,
destination accesses are auto-aligned. Source alignment takes precedence over destination
alignment. If auto-alignment is enabled, the appropriate address register increments, regardless of
DINC or SINC.
27-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 This field is reserved.
Reserved
CAUTION: Must be written as zero; otherwise, undefined behavior results.
23 This field is reserved.
Reserved
CAUTION: Must be written as zero; otherwise, undefined behavior results.
22 Source increment
SINC
Controls whether the source address increments after each successful transfer.
0 No change to SAR after a successful transfer.
1 The SAR increments by 1, 2, 4 as determined by the transfer size.
21-20 Source size
SSIZE . .
Determines the data size of the source bus cycle for the DMA controller.
00 Longword
01 Byte
10 Word
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel
activation)
19 Destination increment
DINC
Controls whether the destination address increments after each successful transfer.
0 No change to the DAR after a successful transfer.
1 The DAR increments by 1, 2, 4 depending upon the size of the transfer.
18-17 Destination size
DSIZE ] ) o
Determines the data size of the destination bus cycle for the DMA controller.
00 Longword
01 Byte
10 Word
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel
activation)
16 Start transfer
START
0 DMA inactive
1 The DMA begins the transfer in accordance to the values in the TCDn. START is cleared
automatically after one module clock and always reads as logic 0.

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description

15-12 Source address modulo

SMOD
Defines the size of the source data circular buffer used by the DMA Controller. If enabled (SMOD is non-
zero), the buffer base address is located on a boundary of the buffer size. The value of this boundary is
based upon the initial source address (SAR). The base address should be aligned to a 0-modulo-(circular
buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the value determined
by the upper address bits in the field selection.
0000 Buffer disabled
0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011 Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101  Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111  Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101  Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB

11-8 Destination address modulo

DMOD
Defines the size of the destination data circular buffer used by the DMA Controller. If enabled (DMOD
value is non-zero), the buffer base address is located on a boundary of the buffer size. The value of this
boundary depends on the initial destination address (DAR). The base address should be aligned to a 0-
modulo-(circular buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the
value determined by the upper address bits in the field selection.
0000 Buffer disabled
0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011 Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101  Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111  Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101  Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB

7 Disable request
D_REQ
Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description

DMA hardware automatically clears the corresponding DCRn[ERQ] bit when the byte count register
reaches zero.

0 ERAQ bit is not affected.
1 ERQ bit is cleared when the BCR is exhausted.

6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-4 Link channel control
LINKCC

Allows DMA channels to have their transfers linked. The current DMA channel triggers a DMA request to
the linked channels (LCH1 or LCH2) depending on the condition described by the LINKCC bits.

If not in cycle steal mode (DCRn[CS]=0) and LINKCC equals 01 or 10, no link to LCH1 occurs.

If LINKCC equals 01, a link to LCH1 is created after each cycle-steal transfer performed by the current
DMA channel is completed. As the last cycle-steal is performed and the BCR reaches zero, then the link to
LCH1 is closed and a link to LCH2 is created.

00 No channel-to-channel linking

01 Perform a link to channel LCH1 after each cycle-steal transfer followed by a link to LCH2 after the
BCR decrements to zero

10 Perform a link to channel LCH1 after each cycle-steal transfer
11 Perform a link to channel LCH1 after the BCR decrements to zero

3-2 Link channel 1
LCH1

Indicates the DMA channel assigned as link channel 1. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).

00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11 DMA Channel 3

1-0 Link channel 2
LCH2

Indicates the DMA channel assigned as link channel 2. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).

00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11  DMA Channel 3

13.4 Functional Description

In the following discussion, the term DMA request implies that DCRn[START] is set, or
DCRn[ERQ)] is set and then followed by assertion of the properly selected DMA
peripheral request. The START bit is cleared when the channel is activated.
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Before initiating a dual-address access, the DMA module verifies that DCRn[SSIZE] and
DCRn[DSIZE] are consistent with the source and destination addresses. If they are not
consistent, the configuration error bit, DSRn[CE], is set. If misalignment is detected, no
transfer occurs, DSRn[CE] is set, and, depending on the DCR configuration, an interrupt
event may be issued. If the auto-align bit, DCRn[AA], is set, error checking is performed
on the appropriate registers.

A read/write transfer sequence reads data from the source address and writes it to the
destination address. The number of bytes transferred is the largest of the sizes specified
by DCRn[SSIZE] and DCRn[DSIZE] in the DMA Control Registers (DCRn).

Source and destination address registers (SARn and DARn) can be programmed in the
DCRn~ to increment at the completion of a successful transfer.

13.4.1 Transfer Requests (Cycle-Steal and Continuous Modes)

The DMA channel supports software-initiated or peripheral-initiated requests. A request
is issued by setting DCRn[START] or when the selected peripheral request asserts and
DCRn[ERQ] is set. Setting DCRn[ERQ)] enables recognition of the peripheral DMA
requests. Selecting between cycle-steal and continuous modes minimizes bus usage for
either type of request.

* Cycle-steal mode (DCRn[CS] = 1)—Only one complete transfer from source to
destination occurs for each request. If DCRn[ERQ] is set, the request is peripheral
initiated. A software-initiated request is enabled by setting DCRn[START].

* Continuous mode (DCRn[CS] = 0)—After a software-initiated or peripheral request,
the DMA continuously transfers data until BCRn reaches zero. The DMA performs
the specified number of transfers, then retires the channel.

In either mode, the crossbar switch performs independent arbitration on each slave port
after each transaction.

13.4.2 Channel Initialization and Startup

Before a data transfer starts, the channel's transfer control descriptor must be initialized
with information describing configuration, request-generation method, and pointers to the
data to be moved.
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13.4.2.1 Channel Prioritization

The four DMA channels are prioritized based on number, with channel 0 having highest
priority and channel 3 having the lowest, that is, channel O > channel 1 > channel 2 >
channel 3.

Simultaneous peripheral requests activate the channels based on this priority order. Once
activated, a channel runs to completion as defined by DCRn[CS] and BCRn.

13.4.2.2 Programming the DMA Controller Module

There is no mechanism within the DMA module itself to prevent writes to programming
model registers during DMA accesses and corrupting the data transfer.

General guidelines for programming the DMA are:

» The REQC register is configured to select the peripheral DMA requests and assign
them to the individual DMA channels.

e TCDn 1s initialized.

* SARn is loaded with the source (read) address. If the transfer is from a peripheral
device to memory, the source address is the location of the peripheral data register. If
the transfer is from memory to a peripheral device or memory, the source address is
the starting address of the data block. This can be any appropriately aligned address.

e DARu~ is initialized with the destination (write) address. If the transfer is from a
peripheral device to memory, or from memory to memory, DAR# is loaded with the
starting address of the data block to be written. If the transfer is from memory to a
peripheral device, DARn is loaded with the address of the peripheral data register.
This address can be any appropriately aligned address.

* SARn and DARn change after each data transfer depending on DCRn[SSIZE,
DSIZE, SINC, DINC, SMOD, DMOD)] and the starting addresses. Increment values
can be 1, 2, or 4 for byte, word, or longword transfers, respectively. If the address
register 1s programmed to remain unchanged, the register is not incremented after the
data transfer.

* BCRn[BCR] must be loaded with the total number of bytes to be transferred. It is
decremented by 1, 2, or 4 at the end of each transfer, depending on the transfer size.
DSRn[DONE] must be cleared for channel startup.

 After the channel has been initialized, it may be started by setting DCRn[START] or
a properly selected peripheral DMA request, depending on the status of
DCRn[ERQ)]. For a software-initiated transfer, the channel can be started by setting
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DCRn[STARTT] as part of a single 32-bit write to the last longword of the TCDn; that
s, it 1s not required to write the DCRn with START cleared and then perform a
second write to explicitly set START.

* Programming the channel for a software-initiated request causes the channel to
request the system bus and start transferring data immediately. If the channel is
programmed for peripheral-initiated request, a properly selected peripheral DMA
request must be asserted before the channel begins the system bus transfers.

e The hardware can automatically clear DCR#n[ERQ)], disabling the peripheral request,
when BCRn reaches zero by setting DCRn[D_REQ)].

» Changes to DCR# are effective immediately while the channel is active. To avoid
problems with changing a DMA channel setup, write a one to DSRn[DONE] to stop
the DMA channel.

13.4.3 Dual-Address Data Transfer Mode

Each channel supports dual-address transfers. Dual-address transfers consist of a source
data read and a destination data write. The DMA controller module begins a dual-address
transfer sequence after a DMA request. If no error condition exists, DSRn[REQ)] is set.

* Dual-address read—The DMA controller drives the SARn value onto the system
address bus. If DCRn[SINC] is set, the SAR# increments by the appropriate number
of bytes upon a successful read cycle. When the appropriate number of read cycles
complete (multiple reads if the destination size is larger than the source), the DMA
initiates the write portion of the transfer.

If a termination error occurs, DSRn[BES, DONE] are set and DMA transactions stop.

e Dual-address write—The DMA controller drives the DAR#n value onto the system
address bus. When the appropriate number of write cycles complete (multiple writes
if the source size is larger than the destination), DAR# increments by the appropriate
number of bytes if DCRn[DINC] is set. BCRn decrements by the appropriate number
of bytes. DSRn[DONE] is set when BCR#n reaches zero. If the BCRn is greater than
zero, another read/write transfer is initiated if continuous mode is enabled
(DCRn[CS] = 0).

If a termination error occurs, DSR»n[BED, DONE] are set and DMA transactions
stop.
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13.4.4 Advanced Data Transfer Controls: Auto-Alignment

This section describes auto-alignment for DMA transfers. Typically, this DMA feature is
applicable for transfers of large blocks of data, and therefore is not applicable for
peripheral-initiated cycle-steal transfers.

Auto-alignment allows block transfers to occur at the optimal size based on the address,
byte count, and programmed size. To use this feature, DCRn[AA] must be set. The
source is auto-aligned if DCRn[SSIZE] indicates a transfer size larger than
DCRn[DSIZE]. Source alignment takes precedence over the destination when the source
and destination sizes are equal. Otherwise, the destination is auto-aligned. The address
register chosen for alignment increments regardless of the increment value. Configuration
error checking is performed on registers not chosen for alignment.

If BCRn is greater than 16, the address determines transfer size. Bytes, words, or
longwords are transferred until the address is aligned to the programmed size boundary,
at which time accesses begin using the programmed size.

If BCRn is less than 16 at the start of a transfer, the number of bytes remaining dictates
transfer size. For example, AA equals 1, SARn equals 0x(00)80_0001, BCRn equals
0x00_00F0, SSIZE equals 00 (longword), and DSIZE equals 01 (byte). Because SSIZE >
DSIZE, the source is auto-aligned. Error checking is performed on destination registers.
The access sequence is as follows:

Read byte from 0x(00)80_0001, increment SAR#n, write 1 byte (using DARn).
Read word from 0x(00)80_0002, increment SARn, write 2 bytes.

Read longword from 0x(00)80_0004, increment SARn, write 4 bytes.

Repeat longwords until SAR# = 0x(00)80_00FO0.

Read byte from 0x(00)80_00FO0, increment SAR#n, write byte.

AR

If DSIZE is another size, data writes are optimized to write the largest size allowed based
on the address, but not exceeding the configured size.

13.4.5 Termination

An unsuccessful transfer can terminate for one of the following reasons:
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* Error conditions—When the DMA encounters a read or write cycle that terminates
with an error condition, DSRn[BES] is set for a read and DSR»n[BED] is set for a
write before the transfer is halted. If the error occurred in a write cycle, data in the
internal holding registers is lost.

* Interrupts—If DCRn[EINT] is set, the DMA drives the appropriate interrupt request
signal. The processor can read DSR# to determine whether the transfer terminated
successfully or with an error. DSRn[DONE] is then written with a one to clear the
interrupt, the DONE, and error status bits.
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Chapter 14
Power Management Controller (PMC)

14.1 Introduction

14.1.1 Overview

This specification details the on-chip power management controller module. This module
contains the core voltage regulators and power monitoring circuitry. Its function is to
ensure that the chip is operated only within legal voltage ranges and to assist in the
orderly shutdown of the chip in the event that the power supply is interrupted. It also
regulates the internal voltage rails for the core digital and analog logic.

14.1.2 Features

* Small voltage regulator generates 2.7V and 1.2V regulated supply for analog
components.

» Large voltage regulator generates 1.2V regulated supply for core digital logic.

» LVI27 Low voltage interrupt generated when VDDIO drops consistently below
2.7V.

* LVI22 Low voltage interrupt generated when VDDIO drops consistently below
2.2V.

* Power On Reset asserts when VDDIO drops below 2.0V.

* Power on Reset deasserts only when VDDIO is consistently above 2.7V.

* POR, LVI27, and LVI22 levels have 50-100mV of internal hysteresis.

 Large regulator has standby mode which reduces its power consumption but limits
the current it can supply to the part.

 Flag to indicate when the small regulator’s 2.7V supply is ready to be used.

The assumption is made that power supply voltages move relatively slowly with respect
to the system clocks, allowing the chip some control over it’s future operation.
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14.1.3 Modes of Operation

By definition, this module has the most impact on the chip when the power supply
voltages are moving. The PMC implements power supply regulation, power on reset, and
low voltage detection functions. The internal integration of these functions as well as the
integration of power supplies with other system functions is illustrated in the following
diagram.

VDDA =3.3V

VDDA_INT =2.7V

? — | |

ROSCs Nano
XOSC AR PLL Bl ADCs DACs CMPs
| | - + | |
VSS = ovﬁ VSSA =0V
VDD = 1.2V VDDIO
3.0V TO 3.6V
‘ l Replicated 8X
(2 per side)
) Vcap / VDD_INT
T1
small large POR
Vreg Vreg d T2 LVI
o\
? VDD_INT = 1.2V I > 10
| | | Core Logic Cells

SR27PDN | SR27STDB JLRSTDBY Ram&Flash

VSS =0V
Figure 14-1. lllustrative integration of the Power Management Controller

Figure 14-1 illustrates the integration of the power supervisor. The large regulator
generates the 1.2V VDD_INT digital supply which is used by IO cells, core logic, Flash
and RAM. The small regulator generates the 2.7V VDDA_INT analog supply which is
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used by various analog modules. The POR_LVI module uses the unregulated supply
VDDIO to generate a raw POR reset which releases at VDDIO=2.0V, an LV22 low
voltage detect which releases at VDDIO=2.2V and an LV27 low voltage detect which
releases at VDDIO=2.7V. The PMC uses the POR and low voltage detect signals to
provide a flexible infrastructure for detecting VDDIO changes relative to the two LVI
detect levels and invoking the low voltage interrupt.

The SR27PDN, SR27STDBY, and LRSTDBY inputs are controlled from memory
mapped register fields in the SIM. Standby mode reduces a regulator’s drive capacity but
also reduces its power consumption. LRSTDBY will control large regulator standby
mode. SR27STDBY will control standby mode for the 2.7V supply from the small
regulator. SR27PDN will control the powerdown of the 2.7V supply from the small
regulator and takes precedence over SR27STDBY.

The standby and powerdown controls for the 1.2 V supply from the small regulator are
tied in the powered down state because this supply is unused.

14.1.4 Block Diagram
The internal organization of the PMC is illustrated in Figure 14-2.

NOTE
The deglitch flops must be clocked by a continuously running
clock so these interrupts can wake the part up if it is in stop
mode.
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Figure 14-2. PMC Block Diagram

14.2 Memory Map and Register Descriptions

PMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
E2A0 Control Register (PMC_CTRL) 16 R/W 7000h 14.2.1/287
E2A1 Status Register (PMC_STS) 16 R 0020h 14.2.2/288
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14.2.1 Control Register (PMC_CTRL)

Address: E2A0h base + Oh offset = E2A0h

Bit 15 14 13 12 11 10 9 8
Read TRIM
Write
Reset 0 1 1 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read HV27IE HV22IE LV27IE LV22IE
Write
Reset 0 0 0 0 0 0 0 0
PMC_CTRL field descriptions
Field Description
15-12 Bandgap Trim
TRIM
This field is used to trim the bandgap reference in the regulator. Its reset state is mid-range.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Voltage Reference Buffer Enable
VRBEN
This bit enables a buffer that drives the 1.2 V bandgap reference to the ADC. This bit should be enabled if
the user wants to calibrate the ADC using the 1.2 V reference. The bit may be disabled to save power
when ADC calibration is not being performed.
0 Disable voltage reference buffering.
1 Enable voltage reference buffering.
6-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 2.7 V High Voltage Interrupt Enable
HV271E
This bit allows the STS[LVI] bit to be set when the STS[LV27F] bit is clear. While LV27F is high (VDDIO is
below 2.7 V), set this bit and an LVI interrupt is generated when LV27F becomes low (VDDIO becomes
greater than 2.7 V).
0 Disable setting the high voltage interrupt.
1 Enable setting the high voltage interrupt.
2 2.2 V High Voltage Interrupt Enable
HV22IE
This bit allows the STS[LVI] bit to be set when the STS[LV22F] bit is clear. While LV22F is high (VDDIO is
below 2.2 V), set this bit and an LVI interrupt is generated when LV22F becomes low (VDDIO becomes
greater than 2.2 V).
0 Disable setting the high voltage interrupt.
1 Enable setting the high voltage interrupt.
1 2.7 V Low Voltage Interrupt Enable
LV27IE

Table continues on the next page...
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Memory Map and Register Descriptions
PMC_CTRL field descriptions (continued)

Field Description

This bit allows the STS[LVI] bit to be set when the STS[LV27F] bit is set. While LV27F is low (VDDIO is
above 2.7 V), set this bit and an LVI interrupt is generated when LV27F becomes high (VDDIO becomes
lower than 2.7 V).

0 Disable setting the low voltage interrupt.
1 Enable setting the low voltage interrupt.

0 2.2 V Low Voltage Interrupt Enable
LV22IE
This bit allows the STS[LVI] bit to be set when the STS[LV22F] bit is set. While LV22F is low (VDDIO is
above 2.2 V), set this bit and an LVI interrupt is generated when LV22F becomes high (VDDIO becomes
lower than 2.2 V).

0 Disable setting the low voltage interrupt.
1 Enable setting the low voltage interrupt.

14.2.2 Status Register (PMC_STS)

Address: E2AO0h base + 1h offset = E2A1h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read 0 SR27 LVI SLV27F SLV22F LV27F LV22F
Write wic wic wic
Reset 0 0 1 0 0 0 0 0
PMC_STS field descriptions
Field Description
15-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Small Regulator 2.7 V Active Flag
SR27

This read-only bit indicates that the small regulator 2.7 V supply, which supplies power to the crystal
oscillator, relaxation oscillator, PLL, and duty cycle corrector, is powered up and ready to use. The small
regulator 2.7 V supply is powered down using the SIM's PWR[SR27PDN] bits. The small regulator
requires 100 ps to wake up from power down. Since the maximum clock frequency is 200 kHz while in
VLPRUN mode (the only mode where the small regulator is powered down), this flag is set about 20 clock
cycles after the SIM's PWR[SR27PDN] bits turn on the small regulator 2.7 V supply. Verify this flag is set
before turning on any of the devices that are powered by the small regulator's 2.7 V supply.

0 The small regulator 2.7 V supply is not ready to be used.
1 The small regulator 2.7 V supply is ready to be used.

Table continues on the next page...
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Chapter 14 Power Management Controller (PMC)

PMC_STS field descriptions (continued)

Field Description

4 Low Voltage Interrupt

LVI
This bit is the low voltage interrupt. This bit is set by any of several conditions:

+ STS[LV22F] and CTRL[LV22IE],
« STS[LV27F] and CTRL[LV27IE],
« STS[LV22F] and CTRL[HV22IE], or
« STS[LV27F] and CTRL[HV27IE]

Once set, this bit remains set until a 1 is written to this bit position or a reset occurs. Writing a 0 has no
effect.

Following is an explanation of how to configure these controls to detect rising and/or falling transitions of
VDDIO relative to 2.7 V or2.2 V.

When STS[LV27F] is low (VDDIO is above 2.7 V), both HV22IE and HV27IE should be cleared. Setting
LV27IE and clearing LV22IE asserts LVI when VDDIO falls below 2.7 V. Setting LV22IE and clearing
LV27F asserts LVI if VDDIO falls below 2.2 V. Setting both LV27F and LV22F has the same effect as
setting only LV27F, which asserts LVl when VDDIO falls below 2.7 V.

When STS[LV22F] and STS[LV27F] are both high (VDDIO is below 2.2 V), both LV22IE and LV27I1E
should be cleared. Setting HV22IE and clearing HV27IE asserts LVI when VDDIO rises above 2.2 V.
Setting HV27IE and clearing HV22IE asserts LVI if VDDIO rises above 2.7 V. Setting both HV22IE and
HV27IE has the same effect as setting only HV22IE, which asserts LVI when VDDIO rises above 2.2 V.

When STS[LV27F] is high (VDDIO is below 2.7 V) and STS[LV22F] is low (VDDIO is above 2.2 V), both
LV27IE and HV22IE should be cleared. Setting HV27IE and clearing LV22IE asserts LVI only if VDDIO
rises above 2.7 V. Setting LV22IE and clearing HV22IE asserts LVI only if VDDIO falls below 2.2 V.
Setting both HV271E and LV22IE asserts LVI if VDDIO either falls below 2.2 V or rises above 2.7 V.

0 Low voltage interrupt cleared.
1 Low voltage interrupt asserted.

3 Sticky 2.7 V Low Voltage Flag
SLV27F

This sticky bit indicates that the 3.3 V supply dropped below the 2.7 V level at some point. Once set, this
bit remains set until a 1 is written to this bit position or a reset occurs. Writing a 0 has no effect.

0 3.3V supply has not dropped below the 2.7 V threshold.
1 3.3V supply has dropped below the 2.7 V threshold.

2 Sticky 2.2 V Low Voltage Flag
SLV22F

This sticky bit indicates that the 3.3 V supply dropped below the 2.2 V level at some point. Once set, this
bit remains set until a 1 is written to this bit position or a reset occurs. Writing a 0 has no effect.

0 3.3V supply has not dropped below the 2.2 V threshold.
1 3.3V supply has dropped below the 2.2 V threshold.

1 2.7 V Low Voltage Flag
LV27F

This read-only bit indicates that the 3.3 V supply is currently below the 2.7 V level. This bit may reset itself
if the supply voltage rises above the threshold.

0 3.3V supply is not below the 2.7 V threshold.
1 3.3V supply is below the 2.7 V threshold.

0 2.2V Low Voltage Flag
LV22F

This read-only bit indicates that the 3.3 V supply is currently below the 2.2 V level. This bit may reset itself
if the supply voltage rises above the threshold.

Table continues on the next page...
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Functional Description
PMC_STS field descriptions (continued)

Field Description
0 3.3V supply is not below the 2.2 V threshold.
1 3.3V supply is below the 2.2 V threshold.

14.3 Functional Description

As shown in the block diagram, VDDIO is processed by the POR_LVI analog module to
generate an internal power-on reset and LV22 and LV27 low voltage detection signals.
The PMC performs deglitch functions on these signals and uses them to generate noise-
free versions of the raw POR and low voltage detects. These are available in both raw
and sticky (registered) forms.

The LVI logic in the PMC uses four interrupt enables and the two low voltage detects for
VDDIO=2.7V and VDDIO=2.2V to generate a single low voltage interrupt. By properly
configuring these four interrupt enables based upon the current VDDIO voltage range (as
indicated by two low voltage detect signals), the LVI can be configured to assert on any
possible falling or rising transition of VDDIO through either of the two fixed LVI levels.

The POR circuit is designed to assert the internal POR reset until VDDIO is above 2.0V.
The hysteresis function of the PMC, however, keeps the POR_B output asserted until

L V27 detection indicates that VDDIO is above 2.7V. The POR_B output will not reassert
until internal VDDIO falls below 2.0V.

The deglitch blocks are essentially strings of 4 flops in series. The outputs of all 4 must
agree before the STS[LV27F or LV22F] bits change state. This is intended to prevent the
LVI circuitry from responding to momentary glitches brought about as a result of normal
operation.

Figure 14-5 illustrates operation of the POR_B versus low voltage detect circuits. Low
voltage detection circuits indicate the voltage on VDDIO, the external 3.3V supply,
relative to 2.7V and 2.2V.
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Chapter 14 Power Management Controller (PMC)

VSS
3 -
POR
Lv27H
LV221
Figure 14-5. POR_B Versus Low-Voltage Detects
14.4 Resets
Table 14-4. Reset Summary
Reset Source Characteristics
POR_B This module  |When asserted, indicates that the supply voltage is too low for reliable operation.
RESET_B SIM Used to reset the power management controller registers. This signal is usually derived
from POR_B and other chip reset sources.
14.5 Clocks
Clock Source Used by
IPBus Clock SIM Used by glitch filter during normal operation and by control registers at all times.
Oscillator Clock |Oscillator Used by dlitch filter during stop mode and during power on resets.
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Interrupts

14.6

Interrupts

Table 14-6. Interrupt Summary

Core Interrupt

Interrupt Flag

Interrupt Enable

Name Description
ipi_int_Ivi (STS[LVI]) STS[SLV27F], CTRL[LV27IE], Low Voltage Interrupt | See Memory Map and
STS[SLV22F] CTRL[LV22IE], Register Descriptions
CTRL[HV27IE], for details

CTRL[HV22IE]
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Chapter 15
Crossbar AND/OR/INVERT (AOI) Module

15.1 Introduction

The AND/OR/INVERT module (known simply as the AOI module) supports the
generation of a configurable number of EVENT signals. Each output EVENTn is a
configurable and/or/invert function of four associated AOI inputs: An, Bn, Cn, and Dn.

This module is designed to be integrated in conjuction with one or more inter-peripheral
crossbar switch (XBAR_DSC) modules. A crossbar switch is typically used to select the
4*n AOI inputs from among available peripheral outputs and GPIO signals. The n
EVENTRn outputs from the AOI module are typically used as additional inputs to a second
crossbar switch, adding to it the ability to connect to its outputs an arbitrary 4-input
boolean function of its other inputs.

The AOI controller is a slave peripheral module connecting event input indicators from a
variety of device modules and generating event output signals that can be routed to an
inter-peripheral crossbar switch or other peripherals. Its programming model is accessed
through the standard IPS (Sky Blue) slave interface. The module is designed to be very
configurable in terms of the functionality of its integrated AOI functions.

15.1.1 Overview

The AOI module supports a configurable number of event outputs, where each event
output represents a user-programmed combinational boolean function based on four event
inputs. The key features of this module include:

* Four dedicated inputs for each event output

» User-programmable combinational boolean function evaluation for each event output

* Memory-mapped device connected to a slave peripheral (IPS) bus

* Configurable number of event outputs
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Introduction

NOTE

The connections from the AOI module outputs to other
functions is SoC-specific.
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Chapter 15 Crossbar AND/OR/INVERT (AOI) Module

15.1.2 Features

The major features of the AOI module are summarized below:
* Highly programmable module for creating combinational boolean events for use as
hardware triggers
* Each channel has four event inputs and one output
» Evaluates a combinational boolean expression as the sum of four products where
each product term includes all four selected input sources available as true or
complement values
» Event output is formed as purely combinational logic and operates as a hardware
trigger
* Memory-mapped device connected to the slave peripheral (IPS) bus
* Programming model organized per channel for simplified software

15.1.3 Modes of Operation

The AOI module does not support any special modes of operation. As shown in Figure
15-1, its operation is primarily controlled by the selected event inputs and outputs.
Additionally, as a memory-mapped device located on the slave peripheral bus, it responds
based strictly on memory address for accesses to its programming model.

The AOI module resides in the slave peripheral bus clock domain.

15.2 External Signal Description

The AOI module does not directly support any external interfaces. There may be package
input signals (indirectly) connected to the module as event inputs, but since the AOI does
not include any input synchronization hardware, this function must be handled before the
event input signals are routed into the module.

15.3 Memory Map and Register Descriptions

The AOI module supports access to its programming model via a 16-bit peripheral bus
connection. The module is designed to support 16-bit accesses only. Functionality for
accesses of other widths is undefined.
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Memory Map and Register Descriptions

The AOI module supports a specific number of event outputs. Each output EVENTn
outputs a four-term AOI function of four binary inputs: An, Bn, Cn, and Dn. A pair of
16-bit registers configures this four-term AOI function: The two registers BFCRTO1n and
BFCRT23n define the configuration for the evaluation of the Boolean function defining
EVENTn, where 7 is the event output channel number. The BFCRTO1n register defines
the configuration of product terms 0 and 1, and the BFECRT23n register defines the
configuration of product terms 2 and 3.

The AOI module provides a universal Boolean function generator using a four-term sum
of products expression with each product term containing true or complement values of
the four selected event inputs (An, Bn, Cn, Dn). Specifically, the EVENTn output is
defined by the following "4 x 4" Boolean expression:

EVENTn
= (0,An,~An,1) & (0,Bn,~Bn,1l) & (0,Cn,~Cn,1) & (0,Dn,~Dn,1)// product term O
| (0,An,~An,1) & (0,Bn,~Bn,1l) & (0,Cn,~Cn,1l) & (0,Dn,~Dn,1l)// product term 1
| (0,An,~An,1) & (0,Bn,~Bn,1l) & (0,Cn,~Cn,1l) & (0,Dn,~Dn,1l)// product term 2
| (0,An,~An,1) & (0,Bn,~Bn,1) & (0,Cn,~Cn,1) & (0,Dn,~Dn,1l)// product term 3

where each selected input of each product term can be configured to produce a logical 0
or 1 or pass the true or complement of the selected event input. Each product termuses 8
bits of configuration information, 2 bits for each of the four selected event inputs. The
resulting logic provides a simple yet powerful Boolean function evaluation for defining
an event output.

These AOI functions are combinational in nature and are intended to be sampled and
used synchronously.

AOIl memory map

223?:;? Register name (ivr‘llilgittg) Access | Reset value S;‘:;:n/
(hex)
E380 Es/céﬁla}rr:] I?:rg)clt_iCénF'cl;(-;r_lrpO?oa)nd 1 Configuration Register for 16 R/W 0000h 15.3.1/297
E381 I;i)/ci)zlzgrr:] T:rg,lt_i%nlz'lc';elqr?zgoa;nd 3 Configuration Register for 16 RW 0000h 15.3.2/298
E382 Escl)zlﬁﬁll lzzrg:lt_i%nF'CI;eRr_rlpO?Snd 1 Configuration Register for 16 RW 0000h 15.3.1/297
E383 Eslc,)ilzfilrr:] Iz:ré)clt_i%nF'cl;e;{_lrpz;a;nd 3 Configuration Register for 16 RIW 0000h 15.3.2/298
E384 E;)/oEliﬁr:] lzxréclt_i%nlz'cl;mz_rrno?za;nd 1 Configuration Register for 16 RW 0000h 15.3.1/297
E385 Esc&lze_lrr:] l?:r(n)cit_iCénF'cl;(:_lrngga;nd 3 Configuration Register for 16 RW 0000h 15.3.2/298
E£386 Egcéﬁj?rr:] szrg,lt_i%nlz'cl;e;‘r_lrpo?sa)nd 1 Configuration Register for 16 RW 0000h 15.3.1/297
E387 Es/céﬁl'c_lrr:] I?:rg)clt_i%nlz'cl';:_lrngsa;nd 3 Configuration Register for 16 RW 0000h 15.3.2/298
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15.3.1 Boolean Function Term 0 and 1 Configuration Register for
EVENTn (AOI_BFCRTO01n)

Address: E380h base + Oh offset + (2d x i), where i=0d to 3d
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
aﬁﬁg PTO_AC PTO_BC PTO_CC PTO_DC PT1_AC PT1_BC PT1_CC PT1_DC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AOI_BFCRTO01n field descriptions

Field Description

15-14 Product term 0, A input configuration
PTO_AC
This 2-bit field defines the Boolean evaluation associated with the selected input A in product term 0.

00 Force the A input in this product term to a logical zero
01 Pass the A input in this product term

10 Complement the A input in this product term

11 Force the A input in this product term to a logical one

13-12 Product term 0, B input configuration
PTO_BC
This 2-bit field defines the Boolean evaluation associated with the selected input B in product term 0.

00 Force the B input in this product term to a logical zero
01 Pass the B input in this product term

10 Complement the B input in this product term

11 Force the B input in this product term to a logical one

11-10 Product term 0, C input configuration
PTO_CC
This 2-bit field defines the Boolean evaluation associated with the selected input C in product term 0.

00 Force the C input in this product term to a logical zero
01 Pass the C input in this product term

10 Complement the C input in this product term

11 Force the C input in this product term to a logical one

9-8 Product term 0, D input configuration
PTO_DC
This 2-bit field defines the Boolean evaluation associated with the selected input D in product term 0.

00 Force the D input in this product term to a logical zero
01 Pass the D input in this product term

10 Complement the D input in this product term

11 Force the D input in this product term to a logical one

7-6 Product term 1, A input configuration
PT1_AC
This 2-bit field defines the Boolean evaluation associated with the selected input A in product term 1.

00 Force the A input in this product term to a logical zero
01 Pass the A input in this product term

Table continues on the next page...
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Memory Map and Register Descriptions
AOI_BFCRTO01n field descriptions (continued)

Field Description

10 Complement the A input in this product term
11 Force the A input in this product term to a logical one

5-4 Product term 1, B input configuration

PT1_BC
This 2-bit field defines the Boolean evaluation associated with the selected input B in product term 1.

00 Force the B input in this product term to a logical zero
01 Pass the B input in this product term

10 Complement the B input in this product term

11 Force the B input in this product term to a logical one

3-2 Product term 1, C input configuration

PT1_CC
This 2-bit field defines the Boolean evaluation associated with the selected input C in product term 1.

00 Force the C input in this product term to a logical zero
01 Pass the C input in this product term

10 Complement the C input in this product term

11 Force the C input in this product term to a logical one

1-0 Product term 1, D input configuration

PT1_DC
This 2-bit field defines the Boolean evaluation associated with the selected input D in product term 1.

00 Force the D input in this product term to a logical zero
01 Pass the D input in this product term

10 Complement the D input in this product term

11 Force the D input in this product term to a logical one

15.3.2 Boolean Function Term 2 and 3 Configuration Register for
EVENTn (AOI_BFCRT23n)

Address: E380h base + 1h offset + (2d x i), where i=0d to 3d
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Wﬁg PT2_AC PT2_BC PT2_CC PT2_DC PT3_AC PT3_BC PT3_CC PT3_DC

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

AOI_BFCRT23n field descriptions

Field Description

15-14 Product term 2, A input configuration

PT2_AC
This 2-bit field defines the Boolean evaluation associated with the selected input A in product term 2.

00 Force the A input in this product term to a logical zero
01 Pass the A input in this product term

10 Complement the A input in this product term

11 Force the A input in this product term to a logical one

Table continues on the next page...
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AOI_BFCRT23n field descriptions (continued)

Field Description

13-12 Product term 2, B input configuration

PT2_BC
This 2-bit field defines the Boolean evaluation associated with the selected input B in product term 2.

00 Force the B input in this product term to a logical zero
01 Pass the B input in this product term

10 Complement the B input in this product term

11 Force the B input in this product term to a logical one

11-10 Product term 2, C input configuration

PT2_CC
This 2-bit field defines the Boolean evaluation associated with the selected input C in product term 2.

00 Force the C input in this product term to a logical zero
01 Pass the C input in this product term

10 Complement the C input in this product term

11 Force the C input in this product term to a logical one

9-8 Product term 2, D input configuration

PT2_DC
This 2-bit field defines the Boolean evaluation associated with the selected input D in product term 2.

00 Force the D input in this product term to a logical zero
01 Pass the D input in this product term

10 Complement the D input in this product term

11 Force the D input in this product term to a logical one

7-6 Product term 3, A input configuration
PT3_AC
This 2-bit field defines the Boolean evaluation associated with the selected input A in product term 3.

00 Force the A input in this product term to a logical zero
01 Pass the A input in this product term

10 Complement the A input in this product term

11 Force the A input in this product term to a logical one

5-4 Product term 3, B input configuration
PT3_BC
This 2-bit field defines the Boolean evaluation associated with the selected input B in product term 3.

00 Force the B input in this product term to a logical zero
01 Pass the B input in this product term

10 Complement the B input in this product term

11 Force the B input in this product term to a logical one

3-2 Product term 3, C input configuration
PT3_CC
This 2-bit field defines the Boolean evaluation associated with the selected input C in product term 3.

00 Force the C input in this product term to a logical zero
01 Pass the C input in this product term

10 Complement the C input in this product term

11 Force the C input in this product term to a logical one

1-0 Product term 3, D input configuration
PT3_DC

This 2-bit field defines the Boolean evaluation associated with the selected input D in product term 3.

Table continues on the next page...
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Functional Description
AOI_BFCRT23n field descriptions (continued)

Field Description

00 Force the D input in this product term to a logical zero
01 Pass the D input in this product term

10 Complement the D input in this product term

11 Force the D input in this product term to a logical one

15.4 Functional Description
The AOI is a highly programmable module for creating combinational boolean outputs
for use as hardware triggers. Each AOI output channel, as shown in Figure 15-1, has one
logic function:
» Evaluation of a combinational boolean expression as a sum of four products where
each product term includes all four selected input sources available as true or
complement values

A typical application of the AOI_DSC module is to be integrated with one or more inter-
peripheral crossbar switch modules as illustrated in the following figure. The 20 external
inputs are shared by two crossbar switch modules. The crossbar switch on the top is used
to select the inputs to four 4-input AOI functions in the AOI_DSC module. The outputs
of these four AOI functions are output from the AOI_DSC module and are added to the
original 20 external inputs to provide a total of 24 inputs to the bottom crossbar switch.
As a result, the bottom crossbar can not only direct any of the original 20 external inputs
to any of its outputs, it can also now direct any one of four 4-input AOI functions of those
external inputs to any of its outputs.
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Chapter 15 Crossbar AND/OR/INVERT (AOI) Module

4-output AOI
A0-DO Module
Af':DO EVENTO
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7&» Crossbar >
Switch

Figure 15-12. Integration Example of AOI with two Inter-Peripheral Crossbar Switches

15.4.1 Configuration Examples for the Boolean Function
Evaluation

This section presents examples of the programming model configuration for simple
boolean expressions.

The AOI module provides a universal boolean function generator using a four-term sum
of products expression with each product term containing true or complement values of
the four selected event inputs (A, B, C, D). Specifically, the event output is defined by
the following “4 x 4” boolean expression:

EVENTn

= (0,An,~An,1) & (0,Bn,~Bn,1) & (0,Cn,~Cn,1) & (0,Dn,~Dn,1)// product term O
| (0,An,~An,1) & (0,Bn,~Bn,1l) & (0,Cn,~Cn,1l) & (0,Dn,~Dn,1l)// product term 1
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Functional Description

| (0,An,~An,1)
| (0,An,~An,1) &

& (0,Bn,~Bn,1l) &
(0,Bn,~Bn,1) &

(0
(0

,Cn,~Cn,1)
,Cn,~Cn,1) &

& (0,Dn,
(0,Dn,~Dn,1)// product term 3

~Dn,1)// product term 2

where each selected input term in each product term can be configured to produce a
logical O or 1 or pass the true or complement of the selected event input. Each product
term uses eight bits of configuration information, two bits for each of the four selected
event inputs. The actual boolean expression implemented in each channel is:

EVENTn
= (PTO_AC[O0] & A |

R R R

| (PT1_AC[0] & A

| (PT2_AC[0]

& A

| (PT3_AC[0] & A

PTO AC([1]
(PTO_BC[0]
(PTO_ccC o]

~A
B
C
(PTO0_DC 0] D

R R R R

PT1 AC[1]
(PT1_BC[0]
(pT1_cCC[0]
(PT1_DC[0]

PR R
Y
gnwp

PT2 ACI[1]
(PT2_BC[0]
(pT2_cc[o0]
(PT2_DC[0]

4

R R
gnw >

PT3 AC([1]
(PT3_BC[0]
(PT3_cCc[o]
(PT3_DC[0]

~A
B
c
D

R R R R

)// product term O
PTO BCI[1] & ~B)
PTO_CCI[1] & ~C)
PTO_DCI[1] & ~D)

)// product term 1
PT1 BC[1] & ~B)
PT1_CC[1] & ~C)
PT1 DC[1] & ~D)
)// product term 2
PT2_BC[1] & ~B)
PT2 CCI[1] & ~C)
PT2 DC[1] & ~D)
)// product term 3
PT3_BCI[1l] & ~B)
PT3 CC[1] & ~C)
PT3_DC[1] & ~D)

where the bits of the combined { BFECRTO1n,BFCRT23n} registers correspond to the
pr{0-3}_{a,B,C,D}c(1:0] terms in the equation.

Consider the settings of the combined 32-bit {BFECRTO1n,BFCRT23n} registers for
several simple boolean expressions as shown in Table 15-12.

Table 15-12. IEVENT_BFECRnN Values for Simple Boolean

Expressions
Event Output PTO PT1 PT2 PT3 {BFCRTO01, BFCRT23}
Expression

A&B A&B 0 0 0 32’b01011111_00000000_00000000_00000000
A&B&C A&B&C 0 0 0 32’b01010111_00000000_00000000_00000000
(A&B&C)+D A&B&C D 0 0 32'b01010111_11111101_00000000_00000000
A+B+C+D A B Cc D 32’b01111111_11011111_11110111_11111101
(A & ~B) + (~A & B) A&~B ~A&B 0 0 32’b01101111_10011111_00000000_00000000

As can be seen in these examples, the resulting logic provides a simple yet powerful
boolean function evaluation for defining an event output.
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Chapter 15 Crossbar AND/OR/INVERT (AOI) Module

15.4.2 AOI Timing Between Inputs and Outputs

Each EVENTn output of the AOI module is a combination function of its four dedicated
inputs An, Bn, Cn, and Dn. Propagation through the AOI and any associated inter-
peripheral crossbar switch modules is intended to be single bus clock cycle.
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Chapter 16
Inter-Peripheral Crossbar Switch A (XBARA)

16.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

16.1.1 Overview

This module implements an array of M N-input combinational muxes. All muxes share
the same N inputs in the same order, but each mux has its own independent select field.

The intended application of this module is to provide a flexible crossbar switch function
that allows any input (typically from external GPIO or internal module outputs) to be
connected to any output (typically to external GPIO or internal module inputs) under user
control. This is used to allow user configuration of data paths between internal modules
and between internal modules and GPIO.

A subset of the muxes can be configured to support edge detection and either interrupt or
DMA request generation based on detected signal edges on the mux output. This allows
signal transitions on the signals feeding the crossbar to trigger interrupts or initiate data
transfers via DMA into or out of other system modules.

16.1.2 Features

The XBAR_DSC module design includes these distinctive features:
* M identical N-input muxes with individual select fields.
» Edge detection with associated interrupt or DMA request generation for a subset of
mux outputs.
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* Memory mapped registers with IPBus interface for select and control fields.
» Register write protection input signal.

16.1.3 Modes of Operation

The XBAR_DSC module design operates in only a single mode of operation: Functional
Mode. The various counting modes are detailed in Functional Mode.

16.1.4 Block Diagram
The block diagram for XBAR_DSC is shown in Figure 16-1.

DMA_ACK 0 g DMA O ™ DMA REQ0

<> —» INT_REQ 0

T p  XBAROUTO

XBAR_IN O,
XBAR_IN 1

Yovy

XBAR_IN N-1

DMA_ACK 1 g

— DMA_REQ 1
CTRL1 &% DMA 1 — INT_REQ 1

T, XBAR_OUT 1

IP_bus

vy
> X c = ||> xXc =

DMA_ ACK M-1—po |
> DMA REQ -1
o | CTRL I >~ DMAM- 1 T REQ 1M

T - XBAR_OUT M-1

X c =

Note: Control field support can be restricted to a subset of outputs. CTRLn represents the memory mapped
control fields in the XBAR_CTRL registers for each corresponding XBAR_OUT output. Control fields provide
edge status, edge selection, and interrupt/DMA generation controls.

Figure 16-1. XBAR_DSC Block Diagram
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Chapter 16 Inter-Peripheral Crossbar Switch A (XBARA)

16.2 Signal Descriptions
The following table summarizes the module's external signals.

Table 16-1. Control Signal Properties

Name 1/0 Type Function Reset State Notes

XBAR_OUT 0] Mux Outputs with *
[0:NUMOUT-1] configurable width

XBAR_IN [0:NUMIN-1] | Mux Inputs with *
configurable width

PROT_GIPSP_B | Register Write Protect 1

DMA_REQ O DMA request 0

INT_REQ 0] Interrupt request 0

DMA_ACK | DMA acknowledge 0

At reset, each output XBAR_OUT[*] contains the reset value of the signal driving
XBAR_INIO].

16.2.1 XBAR_OUT[0:NUM_OUT-1] - MUX Outputs

This is a one-dimensional array of the mux outputs. The value on each output
XBAR_OUT(n] is determined by the setting of the corresponding memory mapped
register SELn such that XBAR_OUT|[n] = XBAR_IN[SELn].

16.2.2 XBAR_IN[0:NUM_IN-1] - MUX Inputs

This is a one-dimensional array consisting of the inputs shared by each mux. All muxes
share the same inputs in the same order.

16.2.3 PROT_GIPSP_B Input

When asserted low, all memory mapped registers are write protected. This input can be
tied 1 to disable write protection. Write protection is externally controlled by the SIM
module.
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16.2.4 DMA_REQ[n] - DMA Request Output(s)
DMA_REQ[n] is a DMA request to the DMA controller.

16.2.5 DMA_ACK|[n] - DMA Acknowledge Input(s)
DMA_ACK]n] is a DMA acknowledge input from the DMA controller.

16.2.6 INT_REQ[n] - Interrupt Request Output(s)

INT_REQI[n] is an interrupt request output to the interrupt controller.

16.3 Memory Map and Register Descriptions

This section provides information about the XBARA instance of the inter-peripheral
crossbar switch. Refer to XBARB register details for information about that instance's
registers.

The XBAR module has select registers and control registers.

In the XBAR select registers, the SELn fields select which of the shared inputs
(XBAR_IN[*]) is muxed to each mux output (XBAR_OUT[*]). There is one SELn field
per mux and therefore one per XBAR_OUT output. Crossbar output XBAR_OUT([n]
presents the value of XBAR_IN[SELn]. Each select register contains two SELn fields. In
the first select register, the LSBs contain the select field for mux 0, and the MSBs contain
the select field for mux 1. The pattern repeats in subsequent select registers.

The actual signals connected to XBAR_IN and XBAR_OUT are application specific and
are described in the Chip Configuration details.

The XBAR control registers configure edge detection, interrupt, and DMA features for a
subset of the XBAR_OUTT[*] outputs.

XBARA memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
E340 Crossbar A Select Register 0 (XBARA_SELO) 16 R/W 0000h 16.3.1/309
E341 Crossbar A Select Register 1 (XBARA_SEL1) 16 R/W 0000h 16.3.2/310

Table continues on the next page...
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XBARA memory map (continued)

22151?:;? Register name (i":ilgitt';) Access | Reset value S(;(;t;c;n/

(hex)
E342 Crossbar A Select Register 2 (XBARA_SEL2) 16 R/W 0000h 16.3.3/310
E343 Crossbar A Select Register 3 (XBARA_SELS3) 16 R/W 0000h 16.3.4/311
E344 Crossbar A Select Register 4 (XBARA_SEL4) 16 R/W 0000h 16.3.5/311
E345 Crossbar A Select Register 5 (XBARA_SELD5) 16 R/W 0000h 16.3.6/312
E346 Crossbar A Select Register 6 (XBARA_SELB6) 16 R/W 0000h 16.3.7/312
E347 Crossbar A Select Register 7 (XBARA_SEL7) 16 R/W 0000h 16.3.8/313
E348 Crossbar A Select Register 8 (XBARA_SELS8) 16 R/W 0000h 16.3.9/313
E349 Crossbar A Select Register 9 (XBARA_SEL9) 16 R/W 0000h 16.3.10/314
E34A Crossbar A Select Register 10 (XBARA_SEL10) 16 R/W 0000h 16.3.11/314
E34B Crossbar A Select Register 11 (XBARA_SEL11) 16 R/W 0000h 16.3.12/315
E34C Crossbar A Select Register 12 (XBARA_SEL12) 16 R/W 0000h 16.3.13/315
E34D Crossbar A Select Register 13 (XBARA_SEL13) 16 R/W 0000h 16.3.14/316
E34E Crossbar A Select Register 14 (XBARA_SEL14) 16 R/W 0000h 16.3.15/316
E34F Crossbar A Select Register 15 (XBARA_SEL15) 16 R/W 0000h 16.3.16/317
E350 Crossbar A Select Register 16 (XBARA_SEL16) 16 R/W 0000h 16.3.17/317
E351 Crossbar A Select Register 17 (XBARA_SEL17) 16 R/W 0000h 16.3.18/318
E352 Crossbar A Select Register 18 (XBARA_SEL18) 16 R/W 0000h 16.3.19/318
E353 Crossbar A Select Register 19 (XBARA_SEL19) 16 R/W 0000h 16.3.20/319
E354 Crossbar A Select Register 20 (XBARA_SEL20) 16 R/W 0000h 16.3.21/319
E355 Crossbar A Select Register 21 (XBARA_SEL21) 16 R/W 0000h 16.3.22/320
E356 Crossbar A Select Register 22 (XBARA_SEL22) 16 R/W 0000h 16.3.23/320
E357 Crossbar A Select Register 23 (XBARA_SEL23) 16 R/W 0000h 16.3.24/321
E358 Crossbar A Select Register 24 (XBARA_SEL24) 16 R/W 0000h 16.3.25/321
E359 Crossbar A Select Register 25 (XBARA_SEL25) 16 R/W 0000h 16.3.26/322
E35A Crossbar A Select Register 26 (XBARA_SEL26) 16 R/W 0000h 16.3.27/322
E35B Crossbar A Select Register 27 (XBARA_SEL27) 16 R/W 0000h 16.3.28/323
E35C Crossbar A Select Register 28 (XBARA_SEL28) 16 R/W 0000h 16.3.29/323
E35D Crossbar A Select Register 29 (XBARA_SEL29) 16 R/W 0000h 16.3.30/324
E35E Crossbar A Control Register 0 (XBARA_CTRLO) 16 R/W 0000h 16.3.31/324
E35F Crossbar A Control Register 1 (XBARA_CTRL1) 16 R/W 0000h 16.3.32/326

16.3.1 Crossbar A Select Register 0 (XBARA_SELO0)

Address: E340h base + Oh offset = E340h
Bit 15 1 10 9 8 | 7 6 5 4 3 2 1 0

5\23: 0 SEL1 0 SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
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XBARA_SELDO field descriptions

Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT1 (refer to Functional Description section for input/output
SEL1 assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTO (refer to Functional Description section for input/output
SELO assignment)

16.3.2 Crossbar A Select Register 1 (XBARA_SEL1)

Address: E340h base + 1h offset = E341h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL1 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUTS3 (refer to Functional Description section for input/output
SEL3 assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT2 (refer to Functional Description section for input/output
SEL2 assignment)

16.3.3 Crossbar A Select Register 2 (XBARA_SEL2)

Address: E340h base + 2h offset = E342h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL2 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Table continues on the next page...
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Chapter 16 Inter-Peripheral Crossbar Switch A (XBARA)
XBARA_SEL2 field descriptions (continued)

Field Description
13-8 Input (XBARA_INN) to be muxed to XBARA_OUTS5 (refer to Functional Description section for input/output
SEL5 assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT4 (refer to Functional Description section for input/output
SEL4 assignment)

16.3.4 Crossbar A Select Register 3 (XBARA_SEL3)

Address: E340h base + 3h offset = E343h

Bit 15

14

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELS3 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT?7 (refer to Functional Description section for input/output
SEL7 assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT®6 (refer to Functional Description section for input/output
SEL6 assignment)

16.3.5 Crossbar A Select Register 4 (XBARA_SEL4)

Address: E340h base + 4h offset = E344h

Bit 15

14

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELA4 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INnN) to be muxed to XBARA_OUT9 (refer to Functional Description section for input/output
SEL9 assignment)

Table continues on the next page...
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XBARA_SELA4 field descriptions (continued)

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS (refer to Functional Description section for input/output
SEL8 assignment)

16.3.6 Crossbar A Select Register 5 (XBARA_SELD5)

Address: E340h base + 5h offset = E345h

Bit 15

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

Regd 0 SEL11 0 SEL10
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELS5 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT11 (refer to Functional Description section for input/
SEL11 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT10 (refer to Functional Description section for input/
SEL10 output assignment)

16.3.7 Crossbar A Select Register 6 (XBARA_SELG6)

Address: E340h base + 6h offset = E346h

Bit 15

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

Regd 0 SEL13 0 SEL12
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELS6 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT13 (refer to Functional Description section for input/
SEL13 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Table continues on the next page...
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XBARA_SELS6 field descriptions (continued)

Field Description
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT12 (refer to Functional Description section for input/
SEL12 output assignment)

16.3.8 Crossbar A Select Register 7 (XBARA_SEL7)

Address: E340h base + 7h offset = E347h

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

Read 0 SEL15 0 SEL14
Write

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

XBARA_SELY7 field descriptions

Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT15 (refer to Functional Description section for input/
SEL15 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT14 (refer to Functional Description section for input/
SEL14 output assignment)

16.3.9 Crossbar A Select Register 8 (XBARA_SELS)

Address: E340h base + 8h offset = E348h

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

Read 0 SEL{7 0 SEL16
Write

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

XBARA_SELS field descriptions

Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT17 (refer to Functional Description section for input/
SEL17 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT16 (refer to Functional Description section for input/
SEL16 output assignment)
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16.3.10 Crossbar A Select Register 9 (XBARA_SEL9)

Address: E340h base + 9h offset = E349h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL9 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT19 (refer to Functional Description section for input/
SEL19 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT18 (refer to Functional Description section for input/
SEL18 output assignment)
16.3.11 Crossbar A Select Register 10 (XBARA_SEL10)

Address: E340h base + Ah offset = E34Ah

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL10 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT21 (refer to Functional Description section for input/
SEL21 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT20 (refer to Functional Description section for input/
SEL20 output assignment)
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16.3.12 Crossbar A Select Register 11 (XBARA_SEL11)

Address: E340h base + Bh offset = E34Bh

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL11 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT23 (refer to Functional Description section for input/
SEL23 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT22 (refer to Functional Description section for input/
SEL22 output assignment)

16.3.13 Crossbar A Select Register 12 (XBARA_SEL12)

Address: E340h base + Ch offset = E34Ch

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL12 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT25 (refer to Functional Description section for input/
SEL25 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT24 (refer to Functional Description section for input/
SEL24 output assignment)
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16.3.14 Crossbar A Select Register 13 (XBARA_SEL13)

Address: E340h base + Dh offset = E34Dh

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL13 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT27 (refer to Functional Description section for input/
SEL27 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT26 (refer to Functional Description section for input/
SEL26 output assignment)

16.3.15 Crossbar A Select Register 14 (XBARA_SEL14)

Address: E340h base + Eh offset = E34Eh

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL14 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT29 (refer to Functional Description section for input/
SEL29 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT28 (refer to Functional Description section for input/
SEL28 output assignment)
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16.3.16 Crossbar A Select Register 15 (XBARA_SEL15)

Address: E340h base + Fh offset = E34Fh

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL15 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT31 (refer to Functional Description section for input/
SEL31 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS30 (refer to Functional Description section for input/
SEL30 output assignment)

16.3.17 Crossbar A Select Register 16 (XBARA_SEL16)

Address: E340h base + 10h offset = E350h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL16 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT33 (refer to Functional Description section for input/
SEL33 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS32 (refer to Functional Description section for input/
SEL32 output assignment)
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16.3.18 Crossbar A Select Register 17 (XBARA_SEL17)

Address: E340h base + 11h offset = E351h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL17 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUTS35 (refer to Functional Description section for input/
SEL35 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT34 (refer to Functional Description section for input/
SEL34 output assignment)

16.3.19 Crossbar A Select Register 18 (XBARA_SEL18)

Address: E340h base + 12h offset = E352h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL18 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUTZ37 (refer to Functional Description section for input/
SEL37 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS36 (refer to Functional Description section for input/
SEL36 output assignment)
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16.3.20 Crossbar A Select Register 19 (XBARA_SEL19)

Address: E340h base + 13h offset = E353h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL19 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT39 (refer to Functional Description section for input/
SEL39 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS38 (refer to Functional Description section for input/
SEL38 output assignment)
16.3.21 Crossbar A Select Register 20 (XBARA_SEL20)

Address: E340h base + 14h offset = E354h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL20 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT41 (refer to Functional Description section for input/
SEL41 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTA40 (refer to Functional Description section for input/
SEL40 output assignment)

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc.

Preliminary 319

General Business Information



Memory Map and Register Descriptions

16.3.22 Crossbar A Select Register 21 (XBARA_SEL21)

Address: E340h base + 15h offset = E355h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELZ21 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT43 (refer to Functional Description section for input/
SEL43 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTA42 (refer to Functional Description section for input/
SEL42 output assignment)

16.3.23 Crossbar A Select Register 22 (XBARA_SEL22)

Address: E340h base + 16h offset = E356h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL22 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT45 (refer to Functional Description section for input/
SEL45 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT44 (refer to Functional Description section for input/
SEL44 output assignment)
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16.3.24 Crossbar A Select Register 23 (XBARA_SEL23)

Address: E340h base + 17h offset = E357h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL23 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT47 (refer to Functional Description section for input/
SEL47 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTA46 (refer to Functional Description section for input/
SEL46 output assignment)

16.3.25 Crossbar A Select Register 24 (XBARA_SEL24)

Address: E340h base + 18h offset = E358h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL24 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT49 (refer to Functional Description section for input/
SEL49 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTA48 (refer to Functional Description section for input/
SEL48 output assignment)
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16.3.26 Crossbar A Select Register 25 (XBARA_SEL?25)

Address: E340h base + 19h offset = E359h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELZ25 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT51 (refer to Functional Description section for input/
SEL51 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS50 (refer to Functional Description section for input/
SEL50 output assignment)

16.3.27 Crossbar A Select Register 26 (XBARA_SEL26)

Address: E340h base + 1Ah offset = E35Ah

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SEL26 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT53 (refer to Functional Description section for input/
SEL53 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS52 (refer to Functional Description section for input/
SEL52 output assignment)
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16.3.28 Crossbar A Select Register 27 (XBARA_SEL27)

Address: E340h base + 1Bh offset = E35Bh

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELZ27 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT55 (refer to Functional Description section for input/
SEL55 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUT54 (refer to Functional Description section for input/
SEL54 output assignment)

16.3.29 Crossbar A Select Register 28 (XBARA_SEL?28)

Address: E340h base + 1Ch offset = E35Ch

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARA_SELZ28 field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Input (XBARA_INN) to be muxed to XBARA_OUT57 (refer to Functional Description section for input/
SEL57 output assignment)
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS56 (refer to Functional Description section for input/
SEL56 output assignment)

MC56F844xx Reference Manual, Rev. 1, 06/2012

Freescale Semiconductor, Inc.

Preliminary 323

General Business Information



Memory Map and Register Descriptions

16.3.30 Crossbar A Select Register 29 (XBARA_SEL29)

Address: E340h base + 1Dh offset = E35Dh

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

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

XBARA_SEL29 field descriptions

Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 Input (XBARA_INN) to be muxed to XBARA_OUTS58 (refer to Functional Description section for input/
SEL58 output assignment)

16.3.31 Crossbar A Control Register 0 (XBARA_CTRLO)

Use this register to configure edge detection, interrupt, and DMA features for the
XBAR_OUTO0 and XBAR_OUT1 outputs.

The XBAR_CTRL registers are organized similarly to the XBAR_SEL registers, with
control fields for two XBAR_OUT outputs in each register. In control register 0, the
LSBs contain the control fields for XBAR_OUTO, and the MSBs contain the control
fields for XBAR_OUT]I.

Address: E340h base + 1Eh offset = E35Eh

Bit 14 13 12 11 10 9 8
Read 0 STSH
EDGE1 IEN1 DEN1
Write wic
Reset 0 0 0 0 0 0 0
Bit 5 4 3 2 1 0
Read 0 STSO
EDGEO IENO DENO
Write wic
Reset 0 0 0 0 0 0 0
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XBARA_CTRLO field descriptions

Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Edge detection status for XBAR_OUT1
STSH1

This bit reflects the results of edge detection for XBAR_OUT1.

This field is set to 1 when an edge consistent with the current setting of EDGE1 is detected on
XBAR_OUT1. This field can be cleared by writing 1 to it. Writing 0 to the field has no effect.

When interrupt or DMA functionality is enabled for XBAR_OUT1, this field is 1 when the interrupt or DMA
request is asserted and 0 when the interrupt or DMA request has been cleared.

0 Active edge not yet detected on XBAR_OUT1
1 Active edge detected on XBAR_OUT1

11-10 Active edge for edge detection on XBAR_OUT1
EDGE1

This field selects which edges on XBAR_OUT1 cause STS1 to assert.

00 STS1 never asserts

01 STS1 asserts on rising edges of XBAR_OUT1

10 STS1 asserts on falling edges of XBAR_OUT1

11 STS1 asserts on rising and falling edges of XBAR_OUT1

9 Interrupt Enable for XBAR_OUT1
IEN1

This bit enables the interrupt function on the corresponding XBAR_OUT1 output. When the interrupt is
enabled, the output INT_REQ1 reflects the value STS1. When the interrupt is disabled, INT_REQ1
remains low. The interrupt request is cleared by writing a 1 to STS1.

Restriction: IEN1 and DEN1 should not both be set to 1.

0 Interrupt disabled
1 Interrupt enabled

8 DMA Enable for XBAR_OUT1
DENT1

This bit enables the DMA function on the corresponding XBAR_OUT1 output. When enabled, DMA_REQ1
presents the value STS1. When disabled, the DMA_REQT1 output remains low.

Restriction: IEN1 and DEN1 should not both be set to 1.

0 DMA disabled
1 DMA enabled

7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Edge detection status for XBAR_OUTO
STSO

This bit reflects the results of edge detection for XBAR_OUTO.

This field is set to 1 when an edge consistent with the current setting of EDGEO is detected on
XBAR_OUTO. This field can be cleared by writing 1 to it. Writing 0 to the field has no effect.

When interrupt or DMA functionality is enabled for XBAR_OUTO, this field is 1 when the interrupt or DMA
request is asserted and 0 when the interrupt or DMA request has been cleared.

0 Active edge not yet detected on XBAR_OUTO
1 Active edge detected on XBAR_OUTO

Table continues on the next page...
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XBARA_CTRLO field descriptions (continued)

Field Description
3-2 Active edge for edge detection on XBAR_OUTO
EDGEO

This field selects which edges on XBAR_OUTO cause STSO0 to assert.

00 STSO never asserts

01 STSO asserts on rising edges of XBAR_OUTO

10 STSO asserts on falling edges of XBAR_OUTO

11 STSO0 asserts on rising and falling edges of XBAR_OUTO

1 Interrupt Enable for XBAR_OUTO
IENO

This bit enables the interrupt function on the corresponding XBAR_OUTO output. When the interrupt is
enabled, the output INT_REQO reflects the value STS0. When the interrupt is disabled, INT_REQO
remains low. The interrupt request is cleared by writing a 1 to STSO.

Restriction: IENO and DENO should not both be set to 1.

0 Interrupt disabled
1 Interrupt enabled

0 DMA Enable for XBAR_OUTO
DENO

This bit enables the DMA function on the corresponding XBAR_OUTO output. When enabled, DMA_REQO
presents the value STS0. When disabled, the DMA_REQO output remains low.

Restriction: IENO and DENO should not both be set to 1.

0 DMA disabled
1 DMA enabled

16.3.32 Crossbar A Control Register 1 (XBARA_CTRL1)

Use this register to configure edge detection, interrupt, and DMA features for the
XBAR_OUT2 and XBAR_OUTS3 outputs.

The XBAR_CTRL registers are organized similarly to the XBAR_SEL registers, with
control fields for two XBAR_OUT outputs in each register. In control register 1, the
LSBs contain the control fields for XBAR_OUT?2, and the MSBs contain the control
fields for XBAR_OUTS3.

Address: E340h base + 1Fh offset = E35Fh

Bit 15 14 13 12 11 10 9 8
Read 0 STS3
EDGE3 IEN3 DENS3
Write wic
Reset 0 0 0 0 0 0 0 0
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Bit 7 5 4 3 2 1 0
Read 0 STS2
EDGE2 IEN2 DEN2
Write wic
Reset 0 0 0 0 0 0 0 0
XBARA_CTRLI1 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Edge detection status for XBAR_OUT3
STS3
This bit reflects the results of edge detection for XBAR_OUTS3.
This field is set to 1 when an edge consistent with the current setting of EDGES3 is detected on
XBAR_OUTS3. This field can be cleared by writing 1 to it. Writing 0 to the field has no effect.
When interrupt or DMA functionality is enabled for XBAR_OUTS, this field is 1 when the interrupt or DMA
request is asserted and 0 when the interrupt or DMA request has been cleared.
0 Active edge not yet detected on XBAR_OUT3
1 Active edge detected on XBAR_OUT3
11-10 Active edge for edge detection on XBAR_OUTS3
EDGE3
This field selects which edges on XBAR_OUTS3 cause STS3 to assert.
00 STS3 never asserts
01 STS3 asserts on rising edges of XBAR_OUT3
10 STS3 asserts on falling edges of XBAR_OUT3
11 STS3 asserts on rising and falling edges of XBAR_OUT3
9 Interrupt Enable for XBAR_OUT3
IEN3
This bit enables the interrupt function on the corresponding XBAR_OUTS3 output. When the interrupt is
enabled, the output INT_REQS3 reflects the value STS3. When the interrupt is disabled, INT_REQ3
remains low. The interrupt request is cleared by writing a 1 to STS3.
Restriction: |EN3 and DEN3 should not both be set to 1.
0 Interrupt disabled
1 Interrupt enabled
8 DMA Enable for XBAR_OUT3
DENS3
This bit enables the DMA function on the corresponding XBAR_OUT3 output. When enabled, DMA_REQS3
presents the value STS3. When disabled, the DMA_REQS output remains low.
Restriction: IEN3 and DENS3 should not both be set to 1.
0 DMA disabled
1 DMA enabled
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Edge detection status for XBAR_OUT2
STS2

This bit reflects the results of edge detection for XBAR_OUT2.

Table continues on the next page...
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XBARA_CTRL1 field descriptions (continued)

Field Description

This field is set to 1 when an edge consistent with the current setting of EDGEZ2 is detected on
XBAR_OUT2. This field can be cleared by writing 1 to it. Writing O to the field has no effect.

When interrupt or DMA functionality is enabled for XBAR_OUT2, this field is 1 when the interrupt or DMA
request is asserted and 0 when the interrupt or DMA request has been cleared.

0 Active edge not yet detected on XBAR_OUT2
1 Active edge detected on XBAR_OUT2

3-2 Active edge for edge detection on XBAR_OUT2
EDGE2

This field selects which edges on XBAR_OUT2 cause STS2 to assert.

00 STS2 never asserts

01 STS2 asserts on rising edges of XBAR_OUT2

10 STS2 asserts on falling edges of XBAR_OUT2

11 STS2 asserts on rising and falling edges of XBAR_OUT2

1 Interrupt Enable for XBAR_OUT2
IEN2

This bit enables the interrupt function on the corresponding XBAR_OUT2 output. When the interrupt is
enabled, the output INT_REQ2 reflects the value STS2. When the interrupt is disabled, INT_REQ2
remains low. The interrupt request is cleared by writing a 1 to STS2.

Restriction: IEN2 and DEN2 should not both be set to 1.

0 Interrupt disabled
1 Interrupt enabled

0 DMA Enable for XBAR_OUT2
DEN2

This bit enables the DMA function on the corresponding XBAR_OUT2 output. When enabled, DMA_REQ2
presents the value STS2. When disabled, the DMA_REQ2 output remains low.

Restriction: IEN2 and DEN2 should not both be set to 1.

0 DMA disabled
1 DMA enabled

16.4 Functional Description

16.4.1 General
The XBAR_DSC module has only one mode of operation, functional mode.
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16.4.2 Functional Mode

The value of each mux output is XBAR_OUT|[n] = XBAR_IN[SELn]. The SELn select
values are configured in the XBAR_SEL registers. All muxes share the same inputs in
the same order.

A subset of XBAR_OUTT[*] outputs has dedicated control fields in a Crossbar Control
(XBAR_CTRL) register. Control fields provide the ability to perform edge detection on
the corresponding XBAR_OUT output. Edge detection in turn can optionally be used to
trigger an interrupt or DMA request. The intention is that, by detecting specified edges on
signals propagating through the Crossbar, interrupts or DMA requests can be triggered to
perform data transfers to or from other system components.

Control fields include an edge status field (STS), an detected edge type field (EDGE),
and interrupt and DMA enable fields (DEN and IEN). STSn is set to 1 when an edge
consistent with EDGEn occurs on XBAR_OUT([n]. STSn is cleared by writing 1 to it.
Writing 0 as no effect. See Interrupts and DMA Requests for details on the use of STSn
for DMA and interrupt request generation.

16.5 Resets

The XBAR_DSC module can be reset by only a hard reset, which forces all registers to
their reset state.

16.6 Clocks

All sequential functionality is controlled by the Bus Clock.

16.7 Interrupts and DMA Requests

For each XBAR_OUT[*] output with XBAR_CTRL register support, DMA or interrupt
functionality can be enabled by setting the corresponding XBAR_CTRL register bit
DENnN or IENn to 1. DENn and IENn should not be set to 1 at the same time for the same
output XBAR_OUT](n].
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Setting DENn to 1 enables DMA functionality for XBAR_OUT[n]. When DMA
functionality is enabled, the output DMA_REQI[n] reflects the value of STSn. Thus the
DMA request asserts when the edge specified by EDGEn is detected on XBAR_OUT][n].
Also, a rising edge on DMA_ACK]n] sets STSn to zero and thus clears the DMA request.
When DEN is 0, DMA_REQ[n] is held low and DMA_ACK]n] is ignored.

Setting IENn to 1 enables interrupt functionality for XBAR_OUT[n]. When interrupt
functionality is enabled, the output INT_REQ[n] reflects the value of STSn. Thus the
interrupt request asserts when the edge specified by EDGEDENRN is detected on
XBAR_OUT][n]. The interrupt request is cleared by writing a 1 to STSn. When IENn is 0,
INT_REQIn] is held low.

DENn and IENn should not be set to 1 at the same time for the same output
XBAR_OUT][n].
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Chapter 17
Inter-Peripheral Crossbar Switch B (XBARB): AOI
Input

17.1 Introduction

For a description of the general features and functionality of this module, refer to the
XBARA description.

17.2 Memory Map and Register Descriptions

This section provides information about the XBARB instance of the inter-peripheral
crossbar switch. Refer to the XBARA register details for information about that instance
of the module.

This XBAR module has only select registers.

In the XBAR select registers, the SELn fields select which of the shared inputs
(XBAR_IN[*]) is muxed to each mux output (XBAR_OUT[*]). There is one SELn field
per mux and therefore one per XBAR_OUT output. Crossbar output XBAR_OUT[n]
presents the value of XBAR_IN[SELn]. Each select register contains two SELn fields. In
the first select register, the LSBs contain the select field for mux 0, and the MSBs contain
the select field for mux 1. The pattern repeats in subsequent select registers.

The actual signals connected to XBAR_IN and XBAR_OUT are application specific and
are described in the Chip Configuration details.
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XBARB memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page

(hex)
E360 Crossbar B Select Register 0 (XBARB_SELO) 16 R/W 0000h 17.2.1/332
E361 Crossbar B Select Register 1 (XBARB_SEL1) 16 R/W 0000h 17.2.2/332
E362 Crossbar B Select Register 2 (XBARB_SEL2) 16 R/W 0000h 17.2.3/333
E363 Crossbar B Select Register 3 (XBARB_SELS3) 16 R/W 0000h 17.2.4/333
E364 Crossbar B Select Register 4 (XBARB_SEL4) 16 R/W 0000h 17.2.5/334
E365 Crossbar B Select Register 5 (XBARB_SELS5) 16 R/W 0000h 17.2.6/334
E366 Crossbar B Select Register 6 (XBARB_SELS6) 16 R/W 0000h 17.2.7/335
E367 Crossbar B Select Register 7 (XBARB_SEL7) 16 R/W 0000h 17.2.8/335

17.2.1 Crossbar B Select Register 0 (XBARB_SELO0)

Address: E360h base + 0Oh offset = E360h

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

Read 0 SEL1 0 SELO
Write

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

XBARB_SELDO field descriptions

Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INnN) to be muxed to XBARB_OUT1 (refer to Functional Description section for input/output
SELA1 assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INN) to be muxed to XBARB_OUTO (refer to Functional Description section for input/output
SELO assignment)

17.2.2 Crossbar B Select Register 1 (XBARB_SEL1)

Address: E360h base + 1h offset = E361h

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

Read 0 SEL3 0 SEL2
Write

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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XBARB_SEL1 field descriptions

Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INN) to be muxed to XBARB_OUTS3 (refer to Functional Description section for input/output
SEL3 assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INnN) to be muxed to XBARB_OUT2 (refer to Functional Description section for input/output
SEL2 assignment)

17.2.3 Crossbar B Select Register 2 (XBARB_SEL2)

Address: E360h base + 2h offset = E362h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SEL2 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INN) to be muxed to XBARB_OUTS5 (refer to Functional Description section for input/output
SEL5 assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INnN) to be muxed to XBARB_OUT4 (refer to Functional Description section for input/output
SEL4 assignment)

17.2.4 Crossbar B Select Register 3 (XBARB_SEL3)

Address: E360h base + 3h offset = E363h

Bit 15

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

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SELS3 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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XBARB_SELS3 field descriptions (continued)

Field Description
12-8 Input (XBARB_INN) to be muxed to XBARB_OUT?7 (refer to Functional Description section for input/output
SEL7 assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INN) to be muxed to XBARB_OUT®6 (refer to Functional Description section for input/output
SEL6 assignment)

17.2.5 Crossbar B Select Register 4 (XBARB_SEL4)

Address: E360h base + 4h offset = E364h

Bit 15

14

Regd 0 SEL9 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SELA4 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INN) to be muxed to XBARB_OUT9 (refer to Functional Description section for input/output
SEL9 assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INN) to be muxed to XBARB_OUTS8 (refer to Functional Description section for input/output
SEL8 assignment)

17.2.6 Crossbar B Select Register 5 (XBARB_SELD5)

Address: E360h base + 5h offset = E365h

Bit 15

14

Read 0
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SELS field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INnN) to be muxed to XBARB_OUT11 (refer to Functional Description section for input/
SEL11 output assignment)
Table continues on the next page...
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XBARB_SELS5 field descriptions (continued)

Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INN) to be muxed to XBARB_OUT10 (refer to Functional Description section for input/
SEL10 output assignment)

17.2.7 Crossbar B Select Register 6 (XBARB_SELG6)

Address: E360h base + 6h offset = E366h

Bit 15

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

Read 0 SEL13 0 SEL12
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SELS6 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INnN) to be muxed to XBARB_OUT13 (refer to Functional Description section for input/
SEL13 output assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 Input (XBARB_INN) to be muxed to XBARB_OUT12 (refer to Functional Description section for input/
SEL12 output assignment)

17.2.8 Crossbar B Select Register 7 (XBARB_SEL7)

Address: E360h base + 7h offset = E367h

Bit 15

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

Read 0 SEL15 0 SEL14
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XBARB_SELY7 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12-8 Input (XBARB_INnN) to be muxed to XBARB_OUT15 (refer to Functional Description section for input/
SEL15 output assignment)
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Table continues on the next page...
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XBARB_SELY7 field descriptions (continued)

Field Description
4-0 Input (XBARB_INN) to be muxed to XBARB_OUT14 (refer to Functional Description section for input/
SEL14 output assignment)
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Chapter 18
On-Chip Clock Synthesis (OCCS)

18.1 Introduction

18.1.1 Overview

This module provides the 2X system clock frequency to the System Integration Module
(SIM), which generates the various derivative system and peripheral clocks for the chip.

The on-chip clock synthesis module allows product design using several user selectable
clock sources, including an 8 MHz / 400 kHz internal relaxation oscillator, a 32 kHz
internal RC oscillator, an external clock input, a 4 MHz to 16 MHz external crystal
oscillator, and a PLL to run up to a 100 MHz system bus frequency.

NOTE
The 8 MHz relaxation oscillator has a reduced-power standby
mode in which it operates at 400 kHz. Nevertheless, in general,
the oscillator is called simply the 8 MHz relaxation oscillator.

18.1.2 Features

Clock generation features include:

* PLL supporting any clock source input from 8 MHz to 50 MHz with programmable
integer feedback divide (multiply factor) and maximum rated output of 400 MHz.

* PLL divide-by-2 that acts as a digital duty cycle corrector.

* Glitch free selection of input clock source.

* Glitch free selection of output clock to be any input clock source or PLL. Maximum
output clock frequency is 200 MHz.

* Output clock postscaler with power-of-2 divide factors from 1 to 256.

 All input clock sources available as OCCS outputs.

Additional OCCS module features include:
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Modes of Operation
* Ability to power down the 8 MHz internal relaxation oscillator.
* Ability to put the 8 MHz internal relaxation oscillator into a reduced power 400 kHz
standby mode.
 Ability to power down external crystal oscillator.
* Ability to power down the 32 kHz internal RC oscillator.
* 8-bit postscaler that operates on either PLL output or, when the PLL is not in use,
one of the oscillators or an external clock source.
* Ability to power down the internal PLL.
* Provides 2X master clock frequency and 2X High Speed Peripheral clock signals.
* Optional automatic switch to backup clock on loss of clock reference.
* PLL lock or loss-of-lock detection.
* Memory mapped registers for configuring the OCCS and internal clock sources.

Key features of the crystal oscillator module are:
* Supports 4 MHz to 16 MHz crystals and resonators.
* High gain option.
* Voltage and frequency filtering to guarantee clock frequency and stability.

18.2 Modes of Operation

Either an internal oscillator, crystal oscillator, or an external frequency source can be
used to provide a reference clock (sys_clk_2x) to the SIM.

The 2X system clock source output from the OCCS has a maximum supported frequency
of 200MHz and can be described by one of the following equations:

2X system frequency = (reference clock frequency) / (postscaler)
2X system frequency = (reference clock frequency X PLL divide factor) / (postscaler)
2X system frequency = (reference clock frequency X PLL divide factor) / (2 * postscaler)

where:
* postscaler =1, 2, 4, 8, 16, 32, 64, 128 or 256
* PLL output divider PLL divide vector = integer from 1-128
» Reference clock frequency for use with PLL limited to 8-40MHz

The SIM is responsible for further dividing these frequencies by two, which will insure a
50% duty cycle in the system clocks.

The on-chip clock synthesis module has the following registers:
* PLL control register (CTRL)
* Divide-by register (DIVBY)
* OCCS Status Register (STAT)
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e Test register (TESTR)
* Oscillator Control register (OSCTL1, OSCTL?2)
* Clock Check Reference (CLKCHKR)
* Clock Check Target (CLKCHKT)
* Protect (PROT)

For more information on these registers please refer to Memory Map and Register
Descriptions.

18.2.1 Internal Clock Sources

The two internal relaxation oscillator are optimized for accuracy and programmability
while providing several different frequency and power saving configurations to
accommodate different operating conditions. The internal oscillators have trim controls
whose initialization values are determined in the factor to compensate for variability with
temperature and voltage and fabrication process. They are very fast in reaching a stable
frequency.

The 8MHz internal relaxation oscillator provides an 8 MHz clock at the center of its
tuning range. It also supports a 400KHz standby state and a powerdown state. Frequency
can be adjusted up or down using a primary trim adjustment. This is used to shift the
frequency vs. temperature curve up and down to center it on 8MHz. The primary
frequency trim is controlled by 10 bits. This oscillator also supports a 4-bit temperature
trim factor which biases the slope of the frequency temperature curve. This is useful for
reducing the maximum deviation from nominal frequency over temperature. During the
reset sequence, this oscillator will be enabled by default. Application code can then
switch to another clock source and power down this oscillator if desired.

The 32KHz internal RC oscillator provides a 32KHz clock at the center frequency of its
tuning range. Frequency can be adjusted up or down using a 9 bit primary trim value.
This is used to shift the frequency vs. temperature curve up or down to center it on
32KHz. During the reset sequence, this oscillator will be disabled by default.

Both oscillator’s are characterized in the factory and recommended trim values delivered
in a reserved area in the parts flash memory and loaded into the OCCS trim registers by
standard application software.
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18.2.2 Loop Controlled Pierce Crystal Oscillator

The internal crystal oscillator circuit is designed to interface with an external crystal or
resonator with a frequency in the range of 4-16MHz. The oscillator supports two primary
modes of operation; Loop Controlled Pierce mode (LCP) with a frequency range from 4
MHz to 16 MHz and Full Swing Pierce mode (FSP) with a frequency range from 4 MHz
to 16 MHz. It also supports an external clock bypass mode covered in the next section.
When used to supply a source to the internal PLL, the crystal/resonator must be in the 8
MHz to 16 MHz range. Follow the crystal supplier’s recommendations when selecting a
crystal, since crystal parameters determine the component values required to provide
maximum stability and reliable start-up. The load capacitance values used in the
oscillator circuit design should include all stray layout capacitances. The crystal and
associated components should be mounted as close as possible to the EXTAL and XTAL
pins to minimize output distortion and start-up stabilization time.

18.2.3 External Clock Source - Crystal Oscillator Bypass Option

In this mode, an external clock is applied using the external EXTAL pin function and
propagated to the oscillator’s EXTAL input. The crystal oscillator is configured to
propagate this input directly to the oscillator’s clock output and the crystal oscillator is
selected in OCCS as the clock source. Figure 18-1 illustrates how to connect an external
clock circuit with an external clock source using EXTAL as the input. (In this mode the
AC/DC parametrics (Vjy, Vj ...) are determined by the crystal oscillator module.) This
method of external clocking is not recommended due to the frequency limitation on
EXTAL. Refer to the OSC_LCP specifications for details.

CLK_MODE =1 XTAL EXTAL
Not used for clock External
generation Clock (< 8MHz)

Figure 18-1. Connecting an External Clock Signal using XTAL

18.2.4 External Clock Source - CLKIN

In this mode, an external clock is applied using the external CLKIN pin function. This is
propagated into the OCCS and OCCS is configured to select CLKIN as the clock source.
The recommended method of connecting an external clock is given in Figure 18-2. On
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this device, selected GPIO can be programmed to provide the external clock input

CLKIN as one of its alternate pin functions. In this mode the AC/DC parametrics (Vjy,
Vi ...) are determined by the GPIO cell.

CLKIN

External
Clock

Figure 18-2. Connecting an External Clock Signal using GPIO
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Block Diagram

18.3 Block Diagram
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Figure 18-3. OCCS Block Diagram with Crystal Oscillator

MC56F844xx Reference Manual, Rev. 1, 06/2012

342 Preliminary Freescale Semiconductor, Inc.
General Business Information




4
Chapter 18 On-Chip Clock Synthesis (OCCS)

18.4 Pin Description

18.4.1 External Clock Reference

The 8MHz relaxation oscillator is enabled in its normal operating mode at 8MHz at reset.
The customer has the option of switching to an external clock reference if desired.
GPIOCO can be programmed to function as the external clock input CLKIN.

18.4.2 Oscillator 10 (XTAL, EXTAL)

After reset, the user has the option of switching to the external oscillator. The oscillator
inputs can be used to connect an external crystal, ceramic resonator. The EXTAL input
pin function is available on the same pad, GPIOCO, as the CLKIN external clock input.
Design considerations for the external clock mode of operation are discussed in Modes of
Operation. The EXTAL input can optionally function as a frequency-limited external
clock input. It is recommended, however, that the CLKIN pin function be used for
external clocking because CLKIN does not carry these frequency limitations.

18.4.3 CLKO

This family of DSCs has one or more CLKO (CLKOUT) pins that can be programmed to
externalize any of a number of internal clock signals. CLKO functionality exists in the
System Integration Module (SIM). A number of OCCS clocks are available for use on a
CLKO pin. The chip has two CLKO outputs, CLKOO and CLKOI, so that two internal
clocks can be compared to each other externally.

CAUTION
There is no defined phase relationship between the signals
present on CLKO and their internal counterparts. CLKO 1s
therefore useful for observing internal frequencies, but cannot
be used to sequence data onto or off of the chip.
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18.5 Memory Map and Register Descriptions

The address of a register is the sum of a base address and an address offset. The base
address is defined at the system level and the address offset is defined at the module

level.
OCCS memory map
Absolute . .
address Register name (ierI:ittr;) Access | Reset value Se(;tu;n/
(hex) pag
E2B0 PLL Control Register (OCCS_CTRL) 16 R/W 0010h 18.5.1/344
E2B1 PLL Divide-By Register (OCCS_DIVBY) 16 R/W 2031h 18.5.2/346
E2B2 OCCS Status Register (OCCS_STAT) 16 R/W 0010h 18.5.3/347
E2B4 Oscillator Control Register 1 (OCCS_OSCTL1) 16 R/W 0620h 18.5.4/349
E2B5 Oscillator Control Register 2 (OCCS_OSCTL2) 16 R/W C100h 18.5.5/350
E2B6 External Clock Check Reference (OCCS_CLKCHKR) 16 R/W 0000h 18.5.6/352
E2B7 External Clock Check Target (OCCS_CLKCHKT) 16 R 0000h 18.5.7/353
E2B8 Protection Register (OCCS_PROT) 16 R/W 0000h 18.5.8/353
18.5.1 PLL Control Register (OCCS_CTRL)

Address: E2B0h base + 0Oh offset = E2B0Oh

Bit 15 14 13 12 11 10 9 8
Read PLLIET PLLIEO LOCIE 0
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read | | ckoN 0 PLLPD PRECS 0 ZSRC
Write
Reset 0 0 0 1 0 0 0 0
OCCS_CTRL field descriptions
Field Description
15-14 PLL Interrupt Enable 1
PLLIE1

(STAT) changes.

00 Disable interrupt.
01

An optional interrupt can be generated when the PLL lock status bit (LCK1) in the OCCS Status Register

Enable interrupt on any rising edge of LCK1.

Table continues on the next page...
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OCCS_CTRL field descriptions (continued)

Field Description

10 Enable interrupt on falling edge of LCK1.
11 Enable interrupt on any edge change of LCK1.

13-12 PLL Interrupt Enable O
PLLIEO

An optional interrupt can be generated if the PLL lock status bit (LCKO) in the OCCS Status Register
(STAT) changes.

00 Disable interrupt.

01 Enable interrupt on any rising edge of LCKO.
10 Enable interrupt on falling edge of LCKO.

11 Enable interrupt on any edge change of LCKO.

11 Loss of Reference Clock Interrupt Enable

LOCIE
The loss of reference clock circuit monitors the output of the on-chip oscillator circuit. In the event of loss

of reference clock, an optional interrupt can be generated.

An optional interrupt can be generated if the oscillator circuit output clock is lost.

0 Interrupt disabled.
1 Interrupt enabled.

10-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Lock Detector On
LCKON

0 Lock detector disabled
1 Lock detector enabled

6-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 PLL Power Down
PLLPD

The PLL can be turned off by setting the PLLPD bit. There is a delay of four IP bus clocks between
changing the bit and signaling the PLL. When the PLL is powered down, the gear shifting logic
automatically switches to ZSRC = 0 to prevent a loss of the reference clock to the core.

0 PLL enabled
1 PLL powered down

3-2 Prescaler Clock Select

PRECS
This bit selects between, on one hand, the external clock source or oscillator and, on the other hand, the

internal relaxation oscillator.

NOTE: Before switching to a new clock source, you must enable the new source. The relaxation
oscillators are configured entirely within the OCCS. The external reference, CLKIN or external
oscillator, requires configuration of the GPIO and SIM to configure the related external pads for
the appropriate function as well as configuration of the OCCS itself.

00 8 MHz relaxation oscillator selected (reset value)
01 External reference selected

10 32 kHz relaxation oscillator selected

11  Reserved

1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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OCCS_CTRL field descriptions (continued)

Field

Description

ZSRC

CLOCK Source

This field determines the sys_clk_x2 source to the SIM, which generates divided-down versions of this
signal for use by memories and the IP Bus. If PLLPD is set, ZSRC is automatically set to O to prevent a
loss of the reference clock to the core.

NOTE: Before switching to a new clock source, you must enable the new source. The PLL should be on,
configured, and locked before switching to it. For extra assurance in cases where the PLL may be
stressed, confirm that the PLL remains locked for a period of time before switching to it.

0 MSTR_OSC
1 PLL output divided by 2

18.5.2 PLL Divide-By Register (OCCS_DIVBY)

Address: E2B0h base + 1h offset = E2B1h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read LORTP CoD 0 PLLDB
Write
Reset 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1
OCCS_DIVBY field descriptions
Field Description
15-12 Loss of Reference Clock Trip Point
LORTP ] ] ] ]

These bits control the amount of time required for the loss of reference clock interrupt to be generated.
This failure detection time is ( (LORTP + 1) x 10) x (reference clock period) / (PLL
Multiplier / 2).The recommended value is LORTP = 0010b. The PLL Multiplier is set by the PLLDB
register.

11-8 Clock Output Divide or Postscaler

COD - . . :
The PLL output clock can be divided down by a 4-bit postscaler. The input of the postscaler is a selectable
clock source for the DSP core as determined by the ZSRC[1:0] bits in the control register.
The output of the postscaler is guaranteed to be glitch free, even when the COD field has been changed.
NOTE: There are special restrictions on the use of 2X high-speed peripheral clocks.
0000 Divide clock output by 1.
0001 Divide clock output by 2.
0010 Divide clock output by 4.
0011 Divide clock output by 8.
0100 Divide clock output by 16.
0101 Divide clock output by 32.
0110 Divide clock output by 64.
0111  Divide clock output by 128.
1xxx  Divide clock output by 256.

Table continues on the next page...
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OCCS_DIVBY field descriptions (continued)

Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 PLL Divide By
PLLDB

The output frequency of the PLL is controlled, in part, by the PLLDB[5:0] field. The value written to this
field, plus one, is used by the PLL to directly multiply the input frequency and present it at its output. For
example, if the input frequency is 8 MHz and the PLLDB[5:0] field is set to 49 (the default), then the PLL
output frequency is 400 MHz. PLLDB settings should be limited such that the output frequency of the PLL
does not exceed 400 MHz.

The frequency of the primary output clock to the SIM (sys_clk_2x) depends on the setting of the ZSRC
field, which selects the primary output clock source, and the COD field, which configures the postscaler.

Before the divide-by value is changed, the core clock must first be switched to the MSTR_OSC clock.

NOTE: Upon writing to the PLL Divide By register, the loss of reference detector circuit is reset.

18.5.3 OCCS Status Register (OCCS_STAT)

A PLL interrupt is generated if any of the LOLI or LOCI bits are set and the
corresponding interrupt enable is set in the control register.

Address: E2B0h base + 2h offset = E2B2h

Bit 15 14 13 12 | 1 10 9 8
Read | LOLI LOLIO LoCl 0 ORE
Write wic wic wic
Reset 0 0 0

Bit 7 6 5 4 | 3 2 1 0
Read | OSC_OK LCK1 LCKO PLLPDN 0 ZSRCS
Write
Reset 0 0 0 1 0 0 0 0

OCCS_STAT field descriptions
Field Description
15 PLL Lock or Loss of Lock Interrupt 1

LOLI

LOLIH shows the status of the lock detector state from the LCK1 circuit. This bit is cleared by writing a one
toit.

This bit will not be set (by the hardware) if the corresponding CTRL[PLLIE1] bit is cleared (set to zero).

Table continues on the next page...
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OCCS_STAT field descriptions (continued)

Field Description

0 No lock or loss of lock event has occurred.
1 PLL lock status based on PLLIE1.

14 PLL Lock or Loss of Lock Interrupt O
LOLIO

LOLIO shows the status of the lock detector state from LCKO circuit. This bit is cleared by writing a one to
it.

This bit will not be set (by the hardware) if the corresponding CTRL[PLLIEOQ] bit is cleared (set to zero).
0 Nolock or loss of lock event has occurred.
1 PLL lock status based on PLLIEOQ.

13 Loss of Reference Clock Interrupt
LOCI

LOCI shows the status of the reference clock detection circuit. This bit is cleared by writing a one to it.

0 Oscillator clock normal.
1 Loss of oscillator clock detected.

12-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 XOSC Clock Monitor Failure Indicator
MON_FAILURE

0 No clock failure, or clock monitor is disabled.
1 Clock failure detected on XOSC reference clock when clock monitor is enabled.

7 OSC_OK Indicator from XOSC
OSC_OK

0 Oscillator clock is still not stable, or XOSC is disabled.
1 XOSC OK indicator after crystal oscillator startup.

6 PLL Lock 1 Status
LCK1

0 PLL is unlocked.
1 PLL is locked (fine).

5 PLL Lock O Status
LCKO

0 PLL is unlocked.
1 PLL is locked (coarse).

4 PLL Power Down
PLLPDN

PLL power down status is delayed by four IPbus clocks from the PLLPD bit in the control register.

0 PLL not powered down.
1 PLL powered down.

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 CLOCK Source Status
ZSRCS

ZSRCS indicates the current sys_clk_x2 clock source. Because the synchronizing circuit switches the
system clock source, ZSRCS takes more than one IP bus clock to indicate the new selection.

00 MSTR_OSC
01 PLL output divided by 2
1x  Synchronization in progress
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18.5.4 Oscillator Control Register 1 (OCCS_OSCTL1)

This register controls aspects of both the internal relaxation oscillator and the crystal/
resonator oscillator.

Address: E2B0h base + 4h offset = E2B4h

Bit 15 14 13 12 11 10 9 8
mﬁg ROPD ROSB COHL CLK_MODE | OSC_DIV2 | EXT_SEL FREQ_TRIM8M
Reset 0 0 0 0 0 1 1 0

Bit 7 6 5 4 | 3 2 1 0
Head FREQ_TRIM8M
Write —

Reset 0 0 1 o | o 0 0 0
OCCS_OSCTL1 field descriptions
Field Description
15 8 MHz Relaxation Oscillator Power Down
ROPD

This bit powers down the 8 MHz relaxation oscillator. To prevent a loss of clock to the core or the PLL, this
bit should never be asserted while this clock source is selected by the PRECS field in the control register.

0 Relaxation oscillator enabled.
1 Relaxation oscillator powered down.

14 8 MHz Relaxation Oscillator Standby
ROSB

This bit controls the power usage and gross frequency of the 8 MHz relaxation oscillator. It is reset to the
more accurate but higher power state.

0 Normal mode. The relaxation oscillator output frequency is 8 MHz.

1 Standby mode. The relaxation oscillator output frequency is reduced to 400 kHz (+50%). The PLL
should be disabled in this mode and MSTR_OSC should be selected as the output clock.

13 Crystal Oscillator High/Low Power Level

COHL
This bit controls the power usage of the crystal oscillator. It is reset to the high power state. The low power

mode should be selected to operate the crystal oscillator in Loop Controlled Pierce (LCP) mode. The high
power mode should be selected to operate the crystal oscillator in Full Swing Pierce (FSP) mode or in the
oscillator's external clock bypass mode.

0 High power mode.
1 Low power mode.

12 Crystal Oscillator Clock Mode
CLK_MODE

This bit controls the operating mode of the crystal oscillator. When CLK_MODE is set to 1, COHL should
be set to 0.

External Clock Bypass Mode is not supported.

Table continues on the next page...
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OCCS_OSCTLA1 field descriptions (continued)

Field Description

NOTE: If the crystal oscillator is turned off and then turned on again, the clock should not be switched
back to the oscillator until after the crystal has had time to stabilize. See the crystal data sheet to
determine this time duration.

0 Crystal oscillator enabled.

1 External clock bypass mode. This enables the crystal oscillator's external clock bypass mode and
allows an external clock source on the EXTAL input of the oscillator to propagate directly to the
oscillator's clock output.

11 Oscillator Divide By 2
OSC_DIv2

This bit selects to the frequency range of the crystal oscillator

The PRECS field should not be selecting the external clock source while changing the value of OSC_DIV2
to avoid glitches on the system clock.

0 External oscillator output is not divided.
1 External oscillator output is divided by 2 before use as MSTR_OSC.

10 External Clock In Select
EXT_SEL

This bit selects the source of the external clock input.

PRECS should be 0 before changing the value of EXT_SEL to avoid glitches on the system clock.

0 Use the output of the crystal oscillator as the external clock input.
1 Use CLKIN as the external clock input.

9-0 8 MHz Relaxation Oscillator Frequency Trim

FREQ_TRIM8M ) N o ] ) )
These bits correct part-specific variation in oscillator frequency. This control adjusts the part's average

frequency over temperature up and down for the purpose of aligning it to 8 MHz. By testing the frequency
of the internal clock and adjusting this factor accordingly, the accuracy of the internal clock can be
improved. The reset value for this trim is 0x220, which is a center value for both gross and fine trim
subfields. Refer to the crystal oscillator (IRC) specification for trim details.

18.5.5 Oscillator Control Register 2 (OCCS_OSCTL2)

This register controls aspects of both the internal relaxation oscillator and the crystal/
resonator oscillator.

Address: E2B0h base + 5h offset = E2B5h

Bit 15 14 13 12 | 11 10 9 8
Read MON FREQ
Write ROPD32K COPD TEMP_TRIM8M ENABLE TRIM32K
Reset 1 1 0 o | o 0 0 1

Bit 7 6 5 4 | 3 2 1 0
Read
Write FREQ_TRIM32K
Reset 0 0 0 o | o 0 0 0
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OCCS_OSCTL2 field descriptions

FREQ_TRIM32K

Field Description
15 32 kHz RC Oscillator Power Down
ROPD32K

This bit powers down the 32 kHz internal RC oscillator. To prevent a loss of clock to the core or the PLL,
this bit should never be asserted while this clock source is selected by the PRECS field in the control
register.

14 Crystal Oscillator Power Down

COPD
This bit powers down the external crystal oscillator. To prevent a loss of clock to the core or the PLL, this
bit should never be asserted while this clock source is selected by the PRECS field in the control register.
0 Crystal oscillator enabled.
1 Crystal oscillator powered down.
13-10 8 MHz Internal Relaxation Oscillator Temperature Trim
TEMP_TRIM8M

This trim value adjusts the average slope of the oscillator's frequency as a function of temperature. The
ideal shape of this function is roughly symmetrical to the X axis to minimize the WCS deviation from
nominal frequency over temperature. This trim adjusts the average slope up or down by increments to
accomplish this goal.

9 XOSC Clock Monitor Enable Control

MON_ENABLE
This bit enables the clock monitor functionality of the XOSC.
8-0 32 kHz Internal RC Oscillator Frequency Trim

These bits correct part-specific variation in oscillator frequency. This control adjusts the part's average
frequency over temperature up and down for the purpose of aligning it to 32 kHz. By testing the frequency
of the internal clock and incrementing or decrementing this factor accordingly, the accuracy of the internal
clock can be improved. A reset sets thees bits to $100, centering the range of possible adjustment.
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18.5.6 External Clock Check Reference (OCCS_CLKCHKR)

Along with the External Clock Check Target register, this register verifies the operation
and relative frequency of the external clock source (target) as compared to the 8 MHz/
400 kHz relaxation oscillator (reference). Verification can be performed any time the
target and reference clocks are enabled; however, the greatest benefit is the ability to
verify the external clock source prior to selecting it with the PRECS field.

Address: E2B0h base + 6h offset = E2B6h

Bit 15 14 13 12 | 1 10 9 8
Read
CHK_ENA
Write
Reset 0
Bit 6 5 4 | 3 2 1 0
Read 0 REF_CNT
Write
Reset 0 0 0 0 0 0 0 0
OCCS_CLKCHKR field descriptions
Field Description
15 Check Enable
CHK_ENA o . ] ) .
This bit starts and stops the clock checking function. Allow enough time after the CLK_ENA bit is cleared
to allow for two ROSC clock periods before attempting to start another verification cycle.
0 Writing a low while the clock checking operation is in progress stops the check in its current state.
Reading a low after a check has been started indicates that the check operation is complete and the
final values are valid in the REF_CNT and TARGET_CNT fields.
1 Writing a one clears the REF_CNT and TARGET_CNT fields and starts the clock checking function.
The CLK_ENA bit remains high while the operation is in progress.
147 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0 Reference Count
REF_CNT
This count is initialized to zero on the positive transition of CHK_ENA. The test is terminated when
REF_CNT equals:
e 0x0080
¢ the number of internal 8 MHz relaxation oscillator clock cycles that have been counted
NOTE: This counter value is not synchronized to the bus clock, and any value read while CHK_ENA is
high should not be considered accurate.

MC56F844xx Reference Manual, Rev. 1, 06/2012

352

Preliminary Freescale Semiconductor, Inc.
General Business Information



4
Chapter 18 On-Chip Clock Synthesis (OCCS)

18.5.7 External Clock Check Target (OCCS_CLKCHKT)

Along with the External Clock Check Reference register, this register verifies the
operation and relative frequency of the external clock source (target) as compared to the 8
MHz/400 kHz relaxation oscillator (reference). Verification can be performed any time
the target and reference clocks are enabled; however, the greatest benefit is the ability to
verify the external clock source prior to selecting it with the PRECS field.

Address: E2B0h base + 7h offset = E2B7h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 TARGET_CNT

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OCCS_CLKCHKT field descriptions

Field Description
15—-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-0 CLKCHKT Target Count
TARGET_CNT

Number of external clock cycles that have been counted.

NOTE: This counter value is not synchronized to the bus clock, and any value read while CHK_ENA is
high should not be considered accurate. lts capacity is sufficient for verifying a 50 MHz CLKIN
with sufficient room for overflow.

18.5.8 Protection Register (OCCS_PROT)

This register provides features for runaway code protection of safety-critical register
fields. By choosing an appropriate subset of protection registers, you can define the trade-
off between power management and protection of the OCCS operating configuration.

Flexibility is provided so that write-protection control values may themselves be
optionally locked (write protected). To this end, protection controls in this register have
two bit values. The right bit determines the setting of the control, and the left bit
determines whether the value is locked. When a protection control is set to a locked
value, it can only be altered by a chip reset which restores its default non-locked value.
While a protection control remains set to non-locked values, it can be re-written to any
new value.
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Functional Description
Address: E2BO0Oh base + 8h offset = E2B8h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OCCS_PROT field descriptions

Field Description
156 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-4 Frequency Enable Protection
FRQEP

Enables write protection of the COD and ZSRC registers.

00 Write protection off (default).

01  Write protection on.

10  Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

3-2 Oscillator Enable Protection
OSCEP
Enables write protection of the OSCTL1, OSCTL2, and PRECS registers.

00 Write protection off (default).

01  Write protection on.

10  Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

1-0 PLL Enable Protection
PLLEP

Enables write protection of the PLLPD, LOCIE, LORTP, and PLLDB registers. When these registers are
write protected (PLLPD is 0 and LOCIE is 1), the loss of reference detector cannot be disabled.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

18.6 Functional Description
A block diagram of the OCCS module is shown in Figure 18-3.

The chip provides several alternative clock sources. This signal is referred to as
MSTR_OSC in the block diagram of the OCCS. Possible clock source choices are:
* Internal 8 MHz relaxation oscillator with 400 kHz standby mode
* Internal 32 kHz oscillator
» External ceramic resonator or crystal oscillator attached to XTAL/EXTAL pad
signals
» External clock source on EXTAL
» External clock source on CLKIN
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The active clock source (MSTR_OSC) is selected by a glitch-free mux controlled by the
setting of the PRECS field. The Internal 8 MHz relaxation oscillator is selected at reset.
MSTR_OSC is used as the input to the PLL, which can be used to derive higher
frequencies up to 400 MHz. When MSTR_OSC is within the spec of the PLL (8 MHz to
50 MHz), the PLL can be used to perform integer multiplication of MSTR_OSC up to a
maximum 400 MHz to provide a high-speed clock source for the part. The PLL output is
fed to a divide-by-2 circuit that acts as a duty cycle corrector.

The primary output clock or clock reference to the SIM module is named SYS_CLK_2X
(also referred to as MSTR_2X by the SIM). The clock reference to the SIM is selected by
another glitch-free mux controlled by the setting of the ZSRC field. This mux is
configured to select MSTR_OSC at reset, but the clock reference can be changed using
ZSRC to the PLL output divided by 2. A post-scaler is provided which can divide the
clock reference by from 1 to 256 before being output to the SIM. This post-scaler can be
reconfigured at any time without inducing glitches on the reference clock output to the
SIM.

When ZSRC is selecting MSTR_OSC as the current clock reference, the post-scaler can
be used to provide very low operating frequencies for the part. When ZSRC is selecting a
PLL-based clock source, the post-scaler can be configured to provide a wide range of
intermediate frequencies up to 200 MHz. The SIM uses this clock reference directly for
high speed applications, divides it by two, and gates it to generate all the system and
peripheral clocks that operate at a maximum of 100 MHz.

The OCCS Status Register (STAT) shows the status of the DSP core clock source.
Because the synchronizing circuit changes modes to avoid any glitches, the STAT
ZCLOCK source (ZSRCS) shows overlapping modes as an intermediate step. After a
PLL lock is detected, the DSP core clock can be switched to the PLL by writing to the
ZSRC bits in the CTRL register.

A proper sequence must be followed when reconfiguring the OCCS to ensure correct
operation of the part. Before changing PRECS to change to a new clock source, the new
clock source should be powered on, configured, and stable. PRECS should not be
changed while ZSRC is selecting a PLL-based clock reference. This action would amount
to changing the PLL input while its output is in use and would cause the clock reference
to become unstable. The user should also allow for the fact that transitions of the glitch-
free muxes controlled by PRECS and ZSRC require two clock periods of the old clock to
disable it, and two clock periods of the new clock to enable it.

Frequencies going out of the OCCS are controlled by the post-scaler and/or the divide-by
ratio within the PLL. For proper operation of the PLL, the user must keep the VCO in the
PLL within its operational range of 400 MHz maximum. The output of the VCO is
depicted as Fp; in Figure 18-3. The input frequency multiplied by the divide-by ratio is
the frequency at which the VCO is running.
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It is recommended when powering down, or powering up, to deselect the PLL as the
clocking source. Only after lock is achieved should the PLL be selected as a valid
clocking source.

Table 18-10 shows how to configure from defaults at reset to any available clock
configuration.

NOTE
In the following table, the clock source refers to the PRECS
selection and the clock output refers to the ZSRC selection.

Configuring the clock output for direct clocking means that the
PLL is not in use and ZSRC is selecting MSTR_OSC.

Table 18-10. Clock Choices Without Crystal Oscillator

Clock Source Clock Output Configuration Steps

8MHz Relaxation Direct Default.
Oscillator 1. Change the COD, if desired.

32KHz Relaxation Direct Select the 32KHz oscillator (PRECS=10).

Oscillator Wait 6 NOPs for resynchronization.
The relaxation oscillator can optionally be powered down (ROPD=1).
Change the COD, if desired.

Set PLLDB for desired multiply and enable the PLL (PLLPD=0)
Wait for PLL lock (LCK1=1 and LCKO0=1)

Change ZSRC to select a PLL based source

Change the COD, if desired.

The clock source (CLKIN) should be enabled in the GPIO and SIM.
Select CLKIN as the source clock (PRECS=01, EXT_SEL=1).

Wait 6 NOP’s for the synchronizing circuit to change clocks.

The relaxation oscillator can optionally be powered down (ROPD=1).
Change the COD, if desired.

The clock source (CLKIN) should be enabled in the GPIO and SIM.
Select CLKIN as the source clock (PRECS=01, EXT_SEL=1).

Wait 6 NOP’s for the synchronizing circuit to change clocks.

The relaxation oscillator can optionally be powered down (ROPD=1).
Set PLLDB for desired multiply and enable the PLL (PLLPD=0).
Wait for PLL lock (LCK1=1 and LCKO0=1)

Change ZSRC to select a PLL based output clock.

Change the COD, if desired.

8MHz Relaxation Any PLL
Oscillator

External Clock Source Direct

External Clock Source Any PLL

ONoOrONDAIORMOND S AOD S R~ON S

NOTE
All of the crystal oscillator options in Table 18-11 require
enabling the oscillator by setting OSCTL2[COPD] to 0.
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Table 18-11. Clock Choices with Crystal Oscillator

Clock Source Clock Output Configuration Steps

Crystal Oscillator or Direct 1. The pin functions XTAL and EXTAL should be enabled in the GPIO
Resonator in FSP mode and SIM.
The external clock source should be changed to the crystal oscillator
(EXT_SEL=0).
The crystal oscillator should be powered up (CLK_MODE=0).
Wait for the oscillator to stabilize.
The crystal oscillator clock source should be selected (PRECS=01).
Wait 6 NOP’s for the synchronizing circuit to change clocks.
The relaxation oscillator can optionally be powered down (ROPD=1).
Change the COD, if desired.

Crystal Oscillator or Any PLL The pin functions XTAL and EXTAL should be enabled in the GPIO
Resonator in FSP mode and SIM.
The external clock source should be set to the crystal oscillator
(EXT_SEL=0).
The crystal oscillator should be powered up (CLK_MODE=0).
Wait for the crystal oscillator to stabilize.
The crystal oscillator clock source should be selected (PRECS=01).
Wait 6 NOP’s for the synchronizing circuit to change clocks.
The relaxation oscillator can optionally be powered down (ROPD=1).
Set PLLDB for desired multiply and enable the PLL (PLLPD=0)
Wait for PLL lock (LCK1=1 and LCKO0=1).
10. Change ZSRC to select a PLL based output clock.
11. Change COD, if desired.

Crystal Oscillator or Direct 1. The pin functions XTAL and EXTAL should be enabled in the GPIO
Resonator in LCP mode and SIM.
Change the oscillator to low power mode (COHL=1).
The external clock source should be changed to the crystal oscillator
(EXT_SEL=0).
The crystal oscillator should be powered up (CLK_MODE=0).
Wait for the oscillator to stabilize.
The crystal oscillator clock source should be selected (PRECS=01).
Wait 6 NOP’s for the synchronizing circuit to change clocks.
The relaxation oscillator can optionally be powered down (ROPD=1).
Change COD, if desired.

Crystal Oscillator or Any PLL The pin functions XTAL and EXTAL should be enabled in the GPIO
Resonator in LCP mode and SIM.
Change the oscillator to low power mode (COHL=1).
The external clock source should be set to the crystal oscillator
(EXT_SEL=0).
The crystal oscillator should be powered up (CLK_MODE=0).
Wait for the crystal oscillator to stabilize.
The crystal oscillator clock source should be selected (PRECS=01).
Wait 6 NOP’s for the synchronizing circuit to change clocks.
The relaxation oscillator can optionally be powered down (ROPD=1).
Set PLLDB for desired multiply and enable the PLL (PLLPD=0).
10. Wait for PLL lock (LCK1=1 and LCKO0=1).
11. Change ZSRC to select a PLL based output clock.
12. Change COD, if desired
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Relaxation Oscillators

18.7 Relaxation Oscillators

18.7.1 Trimming Frequency on the Internal 8 MHz Relaxation
Oscillator

The internal 8 MHz relaxation oscillator's frequency varies due to manufacturing process,
temperature, and voltage dependencies.

The method of changing the unadjusted operating point is by changing the size of a
capacitor. This capacitor value is controlled by the frequency trim factor in the
OSCTLI1[FREQ_TRIM8M] field. The default value for this trim factor is 220h. Each unit
added or removed adjusts the output period by a fixed percentage of the unadjusted
period (adding to the trim factor increases the clock period, decreasing the frequency).
The trim value contains 10 bits, so the clock period of the relaxation oscillator clock can
be changed to +/-40% of its unadjusted value, which is enough to cancel process
variability.

To further reduce variation of frequency over temperature, a temperature trim is available
in the OSCTL2[TEMP_TRIM8M] field. Its purpose is to alter the average slope of the
frequency vs. temperature curve (essentially to rotate the function). This can be used to
reduce the asymmetry of the curve with respect to the X axis and thus minimize the WCS
deviation from nominal (8 MHz) over voltage.

Trim values for individual parts are determined at the factory, delivered in the flash
memory of the part, and automatically installed by software.

A recommended way to trim the internal clock is to use the Timer module to measure the
width of an input pulse on an input capture pin (this pulse must be supplied by the
application and should be as long or wide as possible). Considering the prescale value of
the Timer and the theoretical (zero error) frequency of the bus, the error can be
calculated. This error, expressed as a percentage, can be divided by the resolution of the
trim and the resulting factor added or subtracted from the frequency trim. This process
should be repeated to eliminate any residual error.

18.7.2 Trimming Frequency on the Internal 32 kHz Relaxation
Oscillator

Like the frequency of the 8 MHz relaxation oscillator, the frequency of the 32 kHz
relaxation oscillator varies. A single 9-bit trim control is provided in the OSCTL?2 register
to trim the 32 kHz relaxation oscillator. Trim values for individual parts are determined at
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the factory, delivered in the flash memory of the part, and automatically installed by
software. Users can adjust the trim similarly to how they adjust it for the 8 MHz
relaxation oscillator.

18.8 External Reference

If higher clock precision is required the chip can be operated from an external clock
source.

18.9 Crystal Oscillator

The crystal oscillator is designed to operate with either an external crystal or resonator. It
can also be configured in an external clock bypass mode so that it’s extal input is
propagated directly to its clock output. This mode is not recommended since the use of
the CLKIN external pin function ovoids frequency limitations on the signal. The
oscillator can be operated in either a lower power/lower frequency loop controlled pierce
(LCP mode) or a higher power/ higher frequency full swing pierce mode (FSP mode) of
operation.

COPD==1, CLK_MODE==x, COHL==x is powerdown mode

COPD==0, CLK_MODE==1, COHL==0 is external clock mode (ext square wave)
COPD==0, CLK_MODE==0, COHL==0 1s FSP mode

COPD==0, CLK_MODE==0, COHL==1 1s LCP mode

18.9.1 Switching Clock Sources

To robustly switch between the Internal Relaxation Oscillator clocks, External oscillator
Clock and CLKIN, the changeover switch assumes the clocks are completely
asynchronous, so a synchronizing circuit is required to make the transition. When the
select input (PRECS) is changed, the switch will continue to operate off the original
clock for between 1 and 2 cycles as the select input is transitioned through one side of the
synchronizer. Next, the output will be held low for between 1 and 2 cycles of the new
clock as the select input transitions through the other side. Then the output starts
switching at the new clock’s frequency. This transition guarantees that no glitches will be
seen on the output even though the select input may change asynchronously to the clocks.
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The unpredictability of the transition period is a necessary result of the asynchronicity.
The switch automatically selects the 8MHz Internal Relaxation Oscillator clock during
Reset.

Switching sources requires both clock sources to be enabled and stable. A simple flow
requires:

* If switching to the crystal oscillator, make sure that XTAL and EXTAL have been
enabled via GPIO and SIM and the oscillator is properly configured (COPD, COHL,
CLK_MODE).

* If switching to a Relaxation Oscillator, make sure that it is powered up and
configured.

» Wait for a few cycles for the clock to become Active.

* Switch clocks

* Execute 4 NOPs instructions

* Disable previous clock source (i.e. power down Relaxation Osc if Crystal is
selected).

The key point to remember in this flow is that the clock source should not be switched
unless the new desired clock is on and stable.

When a new DSP core clock is selected, the clock generation module will synchronize
the request and select the new clock. The OCCS Status Register (STAT) shows the status
of the DSP core clock source. Since the synchronizing circuit changes clock sources as to
avoid any glitches, the ZSRCS bits in STAT will show overlapping modes as an

intermediate step.

COPD :D 7 ~7
CLK_MODE ZAN —

Low-Power
Oscillator

*@—V OSC_CLK

1]

COHL

XTL_CLK _ |

EN

High Gain
Oscillator

Figure 18-12. Switching Clock Sources
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18.10 Phase Locked Loop

18.10.1 PLL Recommended Range of Operation

The voltage controlled oscillator (VCO) within the PLL has a characterized operating
range extending from 120 MHz to 400 MHz. The output of the PLL, Fy;, is fed to the
input of the postscaler.

For best PLL performance, the PLL source clock should be the crystal oscillator in loop
controlled pierce (LCP) mode.

18.10.2 PLL Lock Time Specification

In many applications, the lock time of the PLL is the most critical PLL design parameter.
Proper use of the PLL ensures the highest stability and lowest lock time.

18.10.2.1 Lock Time Definition

Typical control systems refer to the lock time as the reaction time within specified
tolerances of the system to a step input. In a PLL, the step input occurs when the PLL is
turned on or when it suffers a noise hit. The tolerance is usually specified as a percent of
the step input or when the output settles to the desired value plus or minus a percent of
the frequency change. Therefore, the reaction time is constant in this definition,
regardless of the size of the step input.

When the PLL is coming from a powered down state, PLL_PDN high, to a powered up
condition, it will incrementally seek its target output frequency until eventually both the
gross and fine lock indicators indicate a locked condition. Refer to the device's Data
Sheet for lock time specifications. Other systems refer to lock time as the time the system
takes to reduce the error between the actual output and the desired output to within
specified tolerances. Therefore, the lock time varies according to the original error in the
output. Minor errors may be shorter or longer in many cases.
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PLL Frequency Lock Detector Block

18.10.2.2 Parametric Influences on Reaction Time

Lock time is designed to be as short as possible while still providing the highest possible
stability. The reaction time is not constant, however. Many factors directly and indirectly
affect the lock time.

The most critical parameter affecting the reaction time of the PLL is the reference
frequency, MSTR_OSC, illustrated in Figure 18-3. This frequency is the input to the
phase detector and controls how often the PLL makes corrections. For stability, it is
desirable for the corrections to be small and frequent. Therefore, a higher reference
frequency provides optimal performance; 8MHz is minimum.

18.11 PLL Frequency Lock Detector Block

This digital block monitors the VCO output clock and sets the LCK[1:0] bits in the
OCCS Status Register (STAT) based on its frequency accuracy. The lock detector is
enabled with the LCKON bit of the PLL control register (CTRL), as well as the
PLL_PDN bit of CTRL. Once enabled, the detector starts two counters whose outputs are
periodically compared. The input clocks to these counters are the VCO output clock
divided by the value in DIVBY[PLLDB], called FEEDBACK, and the PLL input clock,
shown as MSTR_OSC in Figure 18-3. The period of the pulses being compared cover
one whole period of each clock.

FEEDBACK and MSTR_OSC clocks are compared after 16, 32, and 64 cycles. If, after
32 cycles, the clocks match, the LCKO bit is set to one. If, after 64 cycles of MSTR_OSC,
there 1s the same number of MSTR_OSC clocks as FEEDBACK clocks, the LCK1 bit is
also set. The LCK bit stay set until:

e Clocks fail to match

* On reset caused by LCKON, PLL_PDN

e Chip-level reset

When the circuit sets the LCK1, the two counters are reset and start the count again. The
lock detector is designed so if LCK1 is reset to zero because clocks did not match, LCKO
can stay high. This provides the processor the accuracy of the two clocks with respect to

each other.

18.12 Loss of Reference Clock Detector

The loss of reference clock detector is designed to generate an interrupt when the
reference clock to the PLL is interrupted. An LOR interrupt should occur after a
minimum time of (LORTP+1) x 10 x (reference clock period) / (PLLDB+1) / 2). This is
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the minimum time because the PLL output frequency will start to decrease as the PLL
tries to track the input reference source. Figure 18-13 illustrates the general operation of
the LOR detector, which relies on the fact that the phase locked loop can continue
running for a time after its reference clock has been disturbed. This provides time for
detection of the problem and an orderly system shutdown

LORTP 4 CORTP
-
p| pre-load
MSTR_OSC
_ 4 Down Counter
flgtgeector »-|reset
decrement
0to 10 Gray 10
Code ,*
Up-Counter A
F /2 7
LOR
—
Dflop
B

Figure 18-13. Simplified Block Diagram of the Loss Of Reference Clock Detector

18.13 Resets

18.13.1 Resets

The OCCS module is reset by a POR, an external reset, or a COP or software reset.

18.14 Clocks

Table 18-12 summarizes the various clock signals in the OCCS module. All clocks are
ultimately derived from the oscillator output.

Table 18-12. Clock Summary

Clock Source Characteristics

IP Bus Clock IP Bus Bridge Derived from sys_clk and has the same frequency. Used for all peripheral
register reads and writes.

Table continues on the next page...
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Interrupts
Table 18-12. Clock Summary (continued)
Clock Source Characteristics
MSTR_2X This module Primary source for most on-chip clocks. The SIM divides this signal by two
to generate the master system frequency.
FEEDBACK PLL FEEDBACK pin of the PLL.
Frosc Relaxation oscillator |Nominally this is 8MHz. 400KHz in standby.
Feosc crystal oscillator Nominally this is 4-16MHz.
Foi this module output of the PLL.
18.15 Interrupts

The interrupts listed in Table 18-13 may be OR’ed into a single processor core interrupt
for some chip integrations. Inspect the interrupt table in the chip spec to determine what
permutation of these interrupts are actually used.

Table 18-13. Interrupt Summary

Interrupt Source Description Reference
LOLI STAT Lock 1 Interrupt CTRL register
LOLIO STAT Lock 2 Interrupt CTRL register
LOCI STAT Loss of Reference Clock Interrupt CTRL register

If the LOCI interrupt is enabled and the PLL is enabled then the LOCI is permitted to
wakeup the system from some STOP modes.
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Chapter 19
Flash Memory Controller (FMC)

19.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The Flash Memory Controller (FMC) is a memory acceleration unit that provides:
* an interface between the device and the dual-bank nonvolatile memory. Bank 0
consists of program flash memory, and bank 1 consists of FlexNVM.
* buffers that can accelerate flash memory transfers.

19.1.1 Overview

The Flash Memory Controller manages the interface between the device and the dual-
bank flash memory. The FMC receives status information detailing the configuration of
the memory and uses this information to ensure a proper interface. The following table
shows the supported read/write operations.

Flash memory type Read Write

Program flash memory 8-bit, 16-bit, and 32-bit reads —

FlexNVM used as Data flash memory 8-bit, 16-bit, and 32-bit reads —1

FlexNVM and FlexRAM used as 8-bit, 16-bit, and 32-bit reads 8-bit, 16-bit, and 32-bit writes
EEPROM

1. A write operation to program flash memory or to FlexNVM used as data flash memory results in a bus error.

In addition, for bank 0, the FMC provides three separate mechanisms for accelerating the
interface between the device and the flash memory. A 64-bit speculation buffer can
prefetch the next 64-bit flash memory location, and both a 4-way, 8-set cache and a
single-entry 64-bit buffer can store previously accessed flash memory data for quick
access times.
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Modes of operation

19.1.2 Features

The FMC's features include:
* Interface between the device and the dual-bank flash memory and FlexMemory:
 8-bit, 16-bit, and 32-bit read operations to program flash memory and FlexNVM
used as data flash memory.
* 8-bit, 16-bit, and 32-bit read and write operations to FlexNVM and FlexRAM
used as EEPROM.
 For bank 0: Read accesses to consecutive 32-bit spaces in memory return the
second read data with no wait states. The memory returns 64 bits via the 32-bit
bus access.
* Crossbar master access protection for setting no access, read-only access, write-
only access, or read/write access for each crossbar master.
 For bank 0: Acceleration of data transfer from program flash memory and
FlexMemory to the device:
» 64-bit prefetch speculation buffer with controls for instruction/data access per
master
* 4-way, 8-set, 64-bit line size cache for a total of thirty-two 64-bit entries with
controls for replacement algorithm and lock per way
* Single-entry buffer with enable
* Invalidation control for the speculation buffer and the single-entry buffer

19.2 Modes of operation
The FMC only operates when the device accesses the flash memory or FlexMemory.

For any device power mode where the flash memory or FlexMemory cannot be accessed,
the FMC is disabled.

19.3 External signal description
The FMC has no external signals.

19.4 Memory map and register descriptions
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Chapter 19 Flash Memory Controller (FMC)
The programming model consists of the FMC control registers and the program visible
cache (data and tag/valid entries).

NOTE
Program the registers only while the flash controller is idle (for
example, execute from RAM). Changing configuration settings
while a flash access is in progress can lead to non-deterministic

behavior.
Table 19-2. FMC register access
Registers Read access length Write access length
Control registers: PFAPR, PFBOCR, 32 bits 8, 16, or 32 bits
PFB1CR
Cache registers 32 bits 32 bits

NOTE
Accesses to unimplemented registers within the FMC's 4 KB
address space return a bus error.

The cache entries, both data and tag/valid, can be read at any time.

NOTE
System software is required to maintain memory coherence
when any segment of the flash cache is programmed. For
example, all buffer data associated with the reprogrammed flash
should be invalidated. Accordingly, cache program visible
writes must occur after a programming or erase event is
completed and before the new memory image is accessed.

The cache is a 4-way, set-associative cache with 8 sets. The ways are numbered 0-3 and
the sets are numbered 0-7. The following table elaborates on the tag/valid and data
entries.

Table 19-3. Program visible cache registers

Cache Based at Contents of 32-bit read Nomenclature Nomenclature example
storage offset
Tag 080h 13'h0, tag[18:6], 5'h0, valid In TAGVDWHxSy, x denotes the way | TAGVDW2S0 is the 13-bit tag
and y denotes the set. and 1-bit valid for cache entry
way 2, set 0.
Data 100h Upper or lower longword of In DATAWxSyU and DATAWxSyL, x | DATAW1S0U represents bits
data denotes the way, y denotes the set, |[63:32] of data entry way 1,
and U and L represent upper and set 0, and DATAW1S0L
lower word, respectively. represents bits [31:0] of data
entry way 1, set 0.
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Memory map and register descriptions
NOTE
In the preceding table and in the remainder of the register

information, offset and address data appears in terms of word
(16-bit) addressing.

FMC memory map

I;ZZC:::: Register name (ivr\rligitti;) Access | Reset value Si‘:;‘;n/
(hex)
DEOO Flash Access Protection Register (FMC_PFAPR) 32 R/W | OOFO_OOFFh | 19.4.1/371
DEO2 Flash Bank 0 Control Register (FMC_PFBOCR) 32 R/W | 3002_001Fh | 19.4.2/373
DEO4 Flash Bank 1 Control Register (FMC_PFB1CR) 32 R/W | 3000_0000h | 19.4.3/375
DE80 Cache Tag Storage (FMC_TAGVDWO0S0) 32 R/W | 0000_0000h | 19.4.4/376
DE82 Cache Tag Storage (FMC_TAGVDWO0S1) 32 R/W | 0000_0000h | 19.4.4/376
DE84 Cache Tag Storage (FMC_TAGVDWO0S2) 32 R/W | 0000_0000h | 19.4.4/376
DE86 Cache Tag Storage (FMC_TAGVDWO0S3) 32 R/W | 0000_0000h | 19.4.4/376
DE88 Cache Tag Storage (FMC_TAGVDWO0S4) 32 R/W | 0000_0000h | 19.4.4/376
DESA Cache Tag Storage (FMC_TAGVDWO0S5) 32 R/W | 0000_0000h | 19.4.4/376
DE8C Cache Tag Storage (FMC_TAGVDWO0S6) 32 R/W | 0000_0000h | 19.4.4/376
DESE Cache Tag Storage (FMC_TAGVDWO0S7) 32 R/W | 0000_0000h | 19.4.4/376
DE90 Cache Tag Storage (FMC_TAGVDW1S0) 32 R/W | 0000_0000h | 19.4.5/377
DE92 Cache Tag Storage (FMC_TAGVDW1SH1) 32 R/W | 0000_0000h | 19.4.5/377
DE94 Cache Tag Storage (FMC_TAGVDW1S2) 32 R/W | 0000_0000h | 19.4.5/377
DE96 Cache Tag Storage (FMC_TAGVDW1S3) 32 R/W | 0000_0000h | 19.4.5/377
DE98 Cache Tag Storage (FMC_TAGVDW1S4) 32 R/W | 0000_0000h | 19.4.5/377
DE9A Cache Tag Storage (FMC_TAGVDW1S5) 32 R/W | 0000_0000h | 19.4.5/377
DE9C Cache Tag Storage (FMC_TAGVDW1S6) 32 R/W | 0000_0000h | 19.4.5/377
DE9E Cache Tag Storage (FMC_TAGVDW1S7) 32 R/W | 0000_0000h | 19.4.5/377
DEAO Cache Tag Storage (FMC_TAGVDW2S0) 32 R/W | 0000_0000h | 19.4.6/378
DEA2 Cache Tag Storage (FMC_TAGVDW2S1) 32 R/W | 0000_0000h | 19.4.6/378
DEA4 Cache Tag Storage (FMC_TAGVDW2S2) 32 R/W | 0000_0000h | 19.4.6/378
DEA6 Cache Tag Storage (FMC_TAGVDW2S3) 32 R/W | 0000_0000h | 19.4.6/378
DEA8 Cache Tag Storage (FMC_TAGVDW2S4) 32 R/W | 0000_0000h | 19.4.6/378
DEAA Cache Tag Storage (FMC_TAGVDW2S5) 32 R/W | 0000_0000h | 19.4.6/378
DEAC Cache Tag Storage (FMC_TAGVDW2S6) 32 R/W | 0000_0000h | 19.4.6/378
DEAE Cache Tag Storage (FMC_TAGVDW2S7) 32 R/W | 0000_0000h | 19.4.6/378
DEBO Cache Tag Storage (FMC_TAGVDW3S0) 32 R/W | 0000_0000h | 19.4.7/379
DEB2 Cache Tag Storage (FMC_TAGVDW3SH1) 32 R/W | 0000_0000h | 19.4.7/379
DEB4 Cache Tag Storage (FMC_TAGVDW3S2) 32 R/W | 0000_0000h | 19.4.7/379
DEB6 Cache Tag Storage (FMC_TAGVDWS3S3) 32 R/W | 0000_0000h | 19.4.7/379
DEB8 Cache Tag Storage (FMC_TAGVDW3S4) 32 R/W | 0000_0000h | 19.4.7/379
DEBA Cache Tag Storage (FMC_TAGVDW3S5) 32 R/W | 0000_0000h | 19.4.7/379

Table continues on the next page...
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Chapter 19 Flash Memory Controller (FMC)

FMC memory map (continued)

22151‘::;? Register name (iv:ilgitt';) Access | Reset value Sizt;c;n/

(hex)

DEBC Cache Tag Storage (FMC_TAGVDW3S6) 32 R/W | 0000_0000h | 19.4.7/379
DEBE Cache Tag Storage (FMC_TAGVDW3S7) 32 R/W | 0000_0000h | 19.4.7/379
DFO00 Cache Data Storage (upper word) (FMC_DATAWOSO0U) 32 R/W 0000_0000h | 19.4.8/380
DF02 Cache Data Storage (lower word) (FMC_DATAWOSOL) 32 R/W | 0000_0000h | 19.4.9/380
DF04 Cache Data Storage (upper word) (FMC_DATAWO0S1U) 32 R/W | 0000_0000h | 19.4.8/380
DFO06 Cache Data Storage (lower word) (FMC_DATAWOS1L) 32 R/W 0000_0000h | 19.4.9/380
DF08 Cache Data Storage (upper word) (FMC_DATAWO0S2U) 32 R/W | 0000_0000h | 19.4.8/380
DFOA Cache Data Storage (lower word) (FMC_DATAWOS2L) 32 R/W 0000_0000h | 19.4.9/380
DFOC Cache Data Storage (upper word) (FMC_DATAWO0S3U) 32 R/W | 0000_0000h | 19.4.8/380
DFOE Cache Data Storage (lower word) (FMC_DATAWOSS3L) 32 R/W 0000_0000h | 19.4.9/380
DF10 Cache Data Storage (upper word) (FMC_DATAWO0S4U) 32 R/W | 0000_0000h | 19.4.8/380
DF12 Cache Data Storage (lower word) (FMC_DATAWOSA4L) 32 R/W | 0000_0000h | 19.4.9/380
DF14 Cache Data Storage (upper word) (FMC_DATAWOS5U) 32 R/W | 0000_0000h | 19.4.8/380
DF16 Cache Data Storage (lower word) (FMC_DATAWOS5L) 32 R/W | 0000_0000h | 19.4.9/380
DF18 Cache Data Storage (upper word) (FMC_DATAWOS6U) 32 R/W 0000_0000h | 19.4.8/380
DF1A Cache Data Storage (lower word) (FMC_DATAWOS6L) 32 R/W | 0000_0000h | 19.4.9/380
DF1C Cache Data Storage (upper word) (FMC_DATAWOS7U) 32 R/W | 0000_0000h | 19.4.8/380
DF1E Cache Data Storage (lower word) (FMC_DATAWOS7L) 32 R/W | 0000_0000h | 19.4.9/380
DF20 Cache Data Storage (upper word) (FMC_DATAW1S0U) 32 R/W | 0000_0000h | 19.4.10/381
DF22 Cache Data Storage (lower word) (FMC_DATAW1SOL) 32 R/W 0000_0000h | 19.4.11/381
DF24 Cache Data Storage (upper word) (FMC_DATAW1S1U) 32 R/W | 0000_0000h | 19.4.10/381
DF26 Cache Data Storage (lower word) (FMC_DATAW1S1L) 32 R/W | 0000_0000h | 19.4.11/381
DF28 Cache Data Storage (upper word) (FMC_DATAW1S2U) 32 R/W 0000_0000h | 19.4.10/381
DF2A Cache Data Storage (lower word) (FMC_DATAW1S2L) 32 R/W | 0000_0000h | 19.4.11/381
DF2C Cache Data Storage (upper word) (FMC_DATAW1S3U) 32 R/W 0000_0000h | 19.4.10/381
DF2E Cache Data Storage (lower word) (FMC_DATAW1S3L) 32 R/W | 0000_0000h | 19.4.11/381
DF30 Cache Data Storage (upper word) (FMC_DATAW1S4U) 32 R/W 0000_0000h | 19.4.10/381
DF32 Cache Data Storage (lower word) (FMC_DATAW1S4L) 32 R/W | 0000_0000h | 19.4.11/381
DF34 Cache Data Storage (upper word) (FMC_DATAW1S5U) 32 R/W | 0000_0000h | 19.4.10/381
DF36 Cache Data Storage (lower word) (FMC_DATAW1S5L) 32 R/W 0000_0000h | 19.4.11/381
DF38 Cache Data Storage (upper word) (FMC_DATAW1S6U) 32 R/W | 0000_0000h | 19.4.10/381
DF3A Cache Data Storage (lower word) (FMC_DATAW1S6L) 32 R/W 0000_0000h | 19.4.11/381
DF3C Cache Data Storage (upper word) (FMC_DATAW1S7U) 32 R/W | 0000_0000h | 19.4.10/381
DF3E Cache Data Storage (lower word) (FMC_DATAW1S7L) 32 R/W 0000_0000h | 19.4.11/381
DF40 Cache Data Storage (upper word) (FMC_DATAW2S0U) 32 R/W 0000_0000h | 19.4.12/382
DF42 Cache Data Storage (lower word) (FMC_DATAW2SO0L) 32 R/W | 0000_0000h | 19.4.13/382
DF44 Cache Data Storage (upper word) (FMC_DATAW2S1U) 32 R/W 0000_0000h | 19.4.12/382
DF46 Cache Data Storage (lower word) (FMC_DATAW2S1L) 32 R/W | 0000_0000h | 19.4.13/382

Table continues on the next page...
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FMC memory map (continued)

Absolute

address Register name (i":ilgitt';) Access | Reset value S(;(;t;c;n/
(hex)
DF48 Cache Data Storage (upper word) (FMC_DATAW2S2U) 32 R/W 0000_0000h | 19.4.12/382
DF4A Cache Data Storage (lower word) (FMC_DATAW2S2L) 32 R/W 0000_0000h | 19.4.13/382
DF4C Cache Data Storage (upper word) (FMC_DATAW2S3U) 32 R/W 0000_0000h | 19.4.12/382
DF4E Cache Data Storage (lower word) (FMC_DATAW2S3L) 32 R/W | 0000_0000h | 19.4.13/382
DF50 Cache Data Storage (upper word) (FMC_DATAW2S4U) 32 R/W | 0000_0000h | 19.4.12/382
DF52 Cache Data Storage (lower word) (FMC_DATAW2S4L) 32 R/W | 0000_0000h | 19.4.13/382
DF54 Cache Data Storage (upper word) (FMC_DATAW2S5U) 32 R/W | 0000_0000h | 19.4.12/382
DF56 Cache Data Storage (lower word) (FMC_DATAW2S5L) 32 R/W 0000_0000h | 19.4.13/382
DF58 Cache Data Storage (upper word) (FMC_DATAW2S6U) 32 R/W | 0000_0000h | 19.4.12/382
DF5A Cache Data Storage (lower word) (FMC_DATAW2S6L) 32 R/W 0000_0000h | 19.4.13/382
DF5C Cache Data Storage (upper word) (FMC_DATAW2S7U) 32 R/W | 0000_0000h | 19.4.12/382
DF5E Cache Data Storage (lower word) (FMC_DATAW2S7L) 32 R/W | 0000_0000h | 19.4.13/382
DF60 Cache Data Storage (upper word) (FMC_DATAW3SO0U) 32 R/W | 0000_0000h | 19.4.14/383
DF62 Cache Data Storage (lower word) (FMC_DATAW3SO0L) 32 R/W | 0000_0000h | 19.4.15/383
DF64 Cache Data Storage (upper word) (FMC_DATAWS3S1U) 32 R/W 0000_0000h | 19.4.14/383
DF66 Cache Data Storage (lower word) (FMC_DATAW3S1L) 32 R/W | 0000_0000h | 19.4.15/383
DF68 Cache Data Storage (upper word) (FMC_DATAW3S2U) 32 R/W | 0000_0000h | 19.4.14/383
DF6A Cache Data Storage (lower word) (FMC_DATAW3S2L) 32 R/W 0000_0000h | 19.4.15/383
DF6C Cache Data Storage (upper word) (FMC_DATAW3S3U) 32 R/W | 0000_0000h | 19.4.14/383
DF6E Cache Data Storage (lower word) (FMC_DATAW3S3L) 32 R/W 0000_0000h | 19.4.15/383
DF70 Cache Data Storage (upper word) (FMC_DATAW3S4U) 32 R/W | 0000_0000h | 19.4.14/383
DF72 Cache Data Storage (lower word) (FMC_DATAW3S4L) 32 R/W 0000_0000h | 19.4.15/383
DF74 Cache Data Storage (upper word) (FMC_DATAWS3S5U) 32 R/W 0000_0000h | 19.4.14/383
DF76 Cache Data Storage (lower word) (FMC_DATAW3S5L) 32 R/W | 0000_0000h | 19.4.15/383
DF78 Cache Data Storage (upper word) (FMC_DATAW3S6U) 32 R/W | 0000_0000h | 19.4.14/383
DF7A Cache Data Storage (lower word) (FMC_DATAW3S6L) 32 R/W | 0000_0000h | 19.4.15/383
DF7C Cache Data Storage (upper word) (FMC_DATAWS3S7U) 32 R/W 0000_0000h | 19.4.14/383
DF7E Cache Data Storage (lower word) (FMC_DATAW3S7L) 32 R/W | 0000_0000h | 19.4.15/383
MC56F844xx Reference Manual, Rev. 1, 06/2012
370 Preliminary Freescale Semiconductor, Inc.

General Business Information




Chapter 19 Flash Memory Controller (FMC)

19.4.1 Flash Access Protection Register (FMC_PFAPR)

Address: DEOOh base + 0h offset = DEOOh

Bit 31

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

M3PFD
M2PFD
M1PFD
MOPFD

Reset 0 0 0 0
Bt 15 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Reserved
MB3AP[1:0] M2AP[1:0] M1AP[1:0] MOAP[1:0]

Reset 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
FMC_PFAPR field descriptions
Field Description
31-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23-20 This field is reserved.
Reserved This read-only bitfield is reserved and is reset to 4'hF. Do not write to this bitfield or indeterminate results
will occur.
19 Master 3 Prefetch Disable

M3PFD
These bits control whether prefetching is enabled based on the logical number of the requesting crossbar
switch master. This field is further qualified by the PFBNnCR[BxDPE,BxIPE] bits.
0 Prefetching for this master is enabled.
1 Prefetching for this master is disabled.

18 Master 2 Prefetch Disable

M2PFD
These bits control whether prefetching is enabled based on the logical number of the requesting crossbar
switch master. This field is further qualified by the PFBnCR[BxDPE,BxIPE] bits.
0 Prefetching for this master is enabled.
1 Prefetching for this master is disabled.

Table continues on the next page...
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FMC_PFAPR field descriptions (continued)

Field

Description

17
M1PFD

Master 1 Prefetch Disable

These bits control whether prefetching is enabled based on the logical number of the requesting crossbar
switch master. This field is further qualified by the PFBNnCR[BxDPE,BxIPE] bits.

0 Prefetching for this master is enabled.
1 Prefetching for this master is disabled.

16
MOPFD

Master 0 Prefetch Disable

These bits control whether prefetching is enabled based on the logical number of the requesting crossbar
switch master. This field is further qualified by the PFBnCR[BxDPE,BxIPE] bits.

0 Prefetching for this master is enabled.
1 Prefetching for this master is disabled.

15-8
Reserved

This field is reserved.
This read-only bitfield is reserved and is reset to zero. Do not write to this bitfield or indeterminate results
will occur.

7-6
M3AP[1:0]

Master 3 Access Protection

This field controls whether read and write access to the flash are allowed based on the logical master
number of the requesting crossbar switch master.

00 No access may be performed by this master

01 Only read accesses may be performed by this master

10 Only write accesses may be performed by this master

11 Both read and write accesses may be performed by this master

5-4
M2AP[1:0]

Master 2 Access Protection

This field controls whether read and write access to the flash are allowed based on the logical master
number of the requesting crossbar switch master.

00 No access may be performed by this master

01 Only read accesses may be performed by this master

10 Only write accesses may be performed by this master

11 Both read and write accesses may be performed by this master

3-2
M1AP[1:0]

Master 1 Access Protection

This field controls whether read and write access to the flash are allowed based on the logical master
number of the requesting crossbar switch master.

00 No access may be performed by this master

01 Only read accesses may be performed by this master

10 Only write accesses may be performed by this master

11 Both read and write accesses may be performed by this master

1-0
MOAP[1:0]

Master 0 Access Protection

This field controls whether read and write access to the flash are allowed based on the logical master
number of the requesting crossbar switch master.

00 No access may be performed by this master
01 Only read accesses may be performed by this master

Table continues on the next page...
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Chapter 19 Flash Memory Controller (FMC)

FMC_PFAPR field descriptions (continued)

Field Description

10 Only write accesses may be performed by this master
11 Both read and write accesses may be performed by this master

19.4.2 Flash Bank 0 Control Register (FMC_PFBOCR)

Address: DEOOh base + 2h offset = DE02h

Bit 31 30 29 28 27 26 25 24
R BORWSC[3:0] BOMW([1:0]
CLCK_WAY[3:0]
CINV_WAY([3:0]

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

L w L w %
CRC[2:0] Qo |y | o | w
o o o o (g
o o o o 8

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
FMC_PFBOCR field descriptions
Field Description
31-28 Bank 0 Read Wait State Control
BORWSC[3:0]

This read-only field defines the number of wait states required to access the bank 0 flash memory.

The relationship between the read access time of the flash array (expressed in system clock cycles) and
RWSC is defined as:

Access time of flash array [system clocks] = RWSC + 1

The FMC automatically calculates this value based on the ratio of the system clock speed to the flash
clock speed. For example, when this ratio is 4:1, the field's value is 3h.

27-24 Cache Lock Way x
CLCK_WAY[3:0]

These bits determine if the given cache way is locked such that its contents will not be displaced by future
misses.

The bit setting definitions are for each bit in the field.

Table continues on the next page...
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Memory map and register descriptions
FMC_PFBOCR field descriptions (continued)

Field Description
0 Cache way is unlocked and may be displaced
1 Cache way is locked and its contents are not displaced

23-20 Cache Invalidate Way x
CINV_WAYI[3:0]

These bits determine if the given cache way is to be invalidated (cleared). When a bit within this field is
written, the corresponding cache way is immediately invalidated: the way's tag, data, and valid contents
are cleared. This field always reads as zero.

Cache invalidation takes precedence over locking. The cache is invalidated by system reset. System
software is required to maintain memory coherency when any segment of the flash memory is
programmed or erased. Accordingly, cache invalidations must occur after a programming or erase event is
completed and before the new memory image is accessed.

The bit setting definitions are for each bit in the field.

0 No cache way invalidation for the corresponding cache
1 Invalidate cache way for the corresponding cache: clear the tag, data, and vld bits of ways selected

19 Invalidate Prefetch Speculation Buffer
S_B_INV
This bit determines if the FMC's prefetch speculation buffer and the single entry page buffer are to be
invalidated (cleared). When this bit is written, the speculation buffer and single entry buffer are
immediately cleared. This bit always reads as zero.

0 Speculation buffer and single entry buffer are not affected.
1 Invalidate (clear) speculation buffer and single entry buffer.

18-17 Bank 0 Memory Width
BOMWI[1:0]
This read-only field defines the width of the bank O memory.
00 32 bits
01 64 bits

10 Reserved
11  Reserved

16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-5 Cache Replacement Control
CRC[2:0]

This 3-bit field defines the replacement algorithm for accesses that are cached.

000 LRU replacement algorithm per set across all four ways
001 Reserved

010 Independent LRU with ways [0-1] for ifetches, [2-3] for data
011 Independent LRU with ways [0-2] for ifetches, [3] for data
1xx Reserved

4 Bank 0 Data Cache Enable
BODCE

This bit controls whether data references are loaded into the cache.

0 Do not cache data references.
1 Cache data references.

Table continues on the next page...
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Chapter 19 Flash Memory Controller (FMC)

FMC_PFBOCR field descriptions (continued)

Field Description

3 Bank O Instruction Cache Enable
BOICE
This bit controls whether instruction fetches are loaded into the cache.

0 Do not cache instruction fetches.
1 Cache instruction fetches.

2 Bank 0 Data Prefetch Enable
BODPE

This bit controls whether prefetches (or speculative accesses) are initiated in response to data references.

0 Do not prefetch in response to data references.
1 Enable prefetches in response to data references.

1 Bank 0 Instruction Prefetch Enable

BOIPE
This bit controls whether prefetches (or speculative accesses) are initiated in response to instruction

fetches.

0 Do not prefetch in response to instruction fetches.
1 Enable prefetches in response to instruction fetches.

0 Bank 0 Single Entry Buffer Enable
BOSEBE

This bit controls whether the single entry page buffer is enabled in response to flash read accesses. Its
operation is independent from bank 1's cache.

A high-to-low transition of this enable forces the page buffer to be invalidated.

0 Single entry buffer is disabled.
1 Single entry buffer is enabled.

19.4.3 Flash Bank 1 Control Register (FMC_PFB1CR)

This register has a format similar to that for PFBOCR, except it controls the operation of
flash bank 1, and the "global" cache control fields are empty.

Address: DEOOh base + 4h offset = DE04h

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

R B1RWSC[3:0] 0 B1MWTI[1:0] 0
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FMC_PFB1CR field descriptions

Field Description

31-28 Bank 1 Read Wait State Control
B1RWSC[3:0]

This read-only field defines the number of wait states required to access the bank 1 flash memory.

The relationship between the read access time of the flash array (expressed in system clock cycles) and
RWSC is defined as:

Access time of flash array [system clocks] = RWSC + 1

The FMC automatically calculates this value based on the ratio of the system clock speed to the flash
clock speed. For example, when this ratio is 4:1, the field's value is 3h.

27-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-17 Bank 1 Memory Width
B1MWI[1:0]
This read-only field defines the width of the bank 1 memory.
00 32 bits
01 64 bits

10 Reserved
11  Reserved

16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

19.4.4 Cache Tag Storage (FMC_TAGVDWO0Sh)

The cache of 32-bit entries is a 4-way, set-associative cache with sets. The ways are
numbered 0-3 and the sets are numbered . In TAGVDWxSy, x denotes the way, and y
denotes the set. This section represents tag/vld information for all sets in the indicated
way.

Address: DEOOh base + 80h offset + (2d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
tag[18:6]

0 0 0

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

R tag[18:6] 0 valid
w

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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FMC_TAGVDWOSh field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-6 13-bit tag for cache entry
tag[18:6]
5-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 1-bit valid for cache entry
valid

19.4.5 Cache Tag Storage (FMC_TAGVDW1Sn)

The cache of 32-bit entries is a 4-way, set-associative cache with sets. The ways are
numbered 0-3 and the sets are numbered . In TAGVDWxSy, x denotes the way, and y
denotes the set. This section represents tag/vld information for all sets in the indicated
way.

Address: DEOOh base + 90h offset + (2d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
tag[18:6]

0 0 0

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

R tag[18:6] 0 valid
w

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

FMC_TAGVDW1Sn field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
186 13-bit tag for cache entry
tag[18:6]
5-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 1-bit valid for cache entry
valid
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19.4.6 Cache Tag Storage (FMC_TAGVDW2Sn)

The cache of 32-bit entries is a 4-way, set-associative cache with sets. The ways are
numbered 0-3 and the sets are numbered . In TAGVDWxSy, x denotes the way, and y
denotes the set. This section represents tag/vld information for all sets in the indicated
way.

Address: DEOOh base + AOh offset + (2d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
tag[18:6]

0 0 0

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

tag[18:6] 0 valid
w

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

FMC_TAGVDW2Sn field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
186 13-bit tag for cache entry
tag[18:6]
5-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 1-bit valid for cache entry
valid
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19.4.7 Cache Tag Storage (FMC_TAGVDW3Sn)

The cache of 32-bit entries is a 4-way, set-associative cache with sets. The ways are
numbered 0-3 and the sets are numbered . In TAGVDWxSy, x denotes the way, and y
denotes the set. This section represents tag/vld information for all sets in the indicated
way.

Address: DEOOh base + BOh offset + (2d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
tag[18:6]

0 0 0

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

R tag[18:6] 0 valid
w

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

FMC_TAGVDW3Sn field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
186 13-bit tag for cache entry
tag[18:6]
5-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 1-bit valid for cache entry
valid
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19.4.8 Cache Data Storage (upper word) (FMC_DATAWO0SnhU)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the upper word (bits [63:32]) of all sets in
the indicated way.

Address: DEOOh base + 100h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W data[63:32]

ResetOO00000OOOOOOOOO|OOOOO00000000000

FMC_DATAWOSNU field descriptions

Field Description

31-0 Bits [63:32] of data entry
data[63:32]

19.4.9 Cache Data Storage (lower word) (FMC_DATAWOSHL)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the lower word (bits [31:0]) of all sets in the
indicated way.

Address: DEQOOh base + 102h offset + (4d x i), where i=0d to 7d

Bit31302928272625242322212019181716|1514131211109876543210
R .
W data[31:0]
Resetoo00000OOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAWOSHL field descriptions

Field Description

31-0 Bits [31:0] of data entry
data[31:0]
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19.4.10 Cache Data Storage (upper word) (FMC_DATAW1SnU)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the upper word (bits [63:32]) of all sets in
the indicated way.

Address: DEQOOh base + 120h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R .

W data[63:32]
Resetoo000OOOOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAW1SnU field descriptions

Field Description

31-0 Bits [63:32] of data entry
data[63:32]

19.4.11 Cache Data Storage (lower word) (FMC_DATAW1SnL)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the lower word (bits [31:0]) of all sets in the
indicated way.

Address: DEQOh base + 122h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R .

W data[31:0]
Resetoo000OOOOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAW1SnL field descriptions

Field Description

31-0 Bits [31:0] of data entry
data[31:0]
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19.4.12 Cache Data Storage (upper word) (FMC_DATAW2SnU)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the upper word (bits [63:32]) of all sets in
the indicated way.

Address: DEOOh base + 140h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W data[63:32]

ResetOO00000OOOOOOOOO|OOOOO00000000000

FMC_DATAW2SnU field descriptions

Field Description

31-0 Bits [63:32] of data entry
data[63:32]

19.4.13 Cache Data Storage (lower word) (FMC_DATAW2SnL)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the lower word (bits [31:0]) of all sets in the
indicated way.

Address: DEQOh base + 142h offset + (4d x i), where i=0d to 7d

Bit31302928272625242322212019181716|1514131211109876543210
R .
W data[31:0]
Resetoo00000OOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAW2SnhL field descriptions

Field Description

31-0 Bits [31:0] of data entry
data[31:0]
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19.4.14 Cache Data Storage (upper word) (FMC_DATAW3SnU)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the upper word (bits [63:32]) of all sets in
the indicated way.

Address: DEQOOh base + 160h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R .

W data[63:32]
Resetoo000OOOOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAW3SnU field descriptions

Field Description

31-0 Bits [63:32] of data entry
data[63:32]

19.4.15 Cache Data Storage (lower word) (FMC_DATAW3SnL)

The cache of 64-bit entries is a 4-way, set-associative cache with 8 sets. The ways are
numbered 0-3 and the sets are numbered 0-7. In DATAWxSyU and DATAWxSyL, x
denotes the way, y denotes the set, and U and L represent upper and lower word,
respectively. This section represents data for the lower word (bits [31:0]) of all sets in the
indicated way.

Address: DEQOh base + 162h offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R .

W data[31:0]
Resetoo00000OOOOOOOOO|OOOOOOOOOOOOOOOO

FMC_DATAWS3ShL field descriptions

Field Description

31-0 Bits [31:0] of data entry
data[31:0]
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19.5 Functional description

The FMC is a flash acceleration unit with flexible buffers for user configuration. Besides
managing the interface between the device and the flash memory and FlexMemory, the
FMC can be used to restrict access from crossbar switch masters and—for program flash
only—to customize the cache and buffers to provide single-cycle system-clock data-
access times. Whenever a hit occurs for the prefetch speculation buffer, the cache, or the
single-entry buffer, the requested data is transferred within a single system clock.

19.5.1 Default configuration

Upon system reset, the FMC is configured to provide a significant level of buffering for
transfers from the flash memory:
e Crossbar masters O, 1, 2, 3 have read access to bank 0 and bank 1.
* These masters have write access to a portion of bank 1 when FlexNVM is used with
FlexRAM as EEPROM.
* For bank 0:
 Prefetch support for data and instructions is enabled for crossbar masters 0, 1, 2,
3.
* The cache is configured for least recently used (LRU) replacement for all four
ways.
* The cache is configured for data or instruction replacement.
* The single-entry buffer is enabled.

19.5.2 Configuration options

Though the default configuration provides a high degree of flash acceleration, advanced
users may desire to customize the FMC buffer configurations to maximize throughput for
their use cases. When reconfiguring the FMC for custom use cases, do not program the
FMC's control registers while the flash memory or FlexMemory is being accessed.
Instead, change the control registers with a routine executing from RAM in supervisor
mode.

The FMC's cache and buffering controls within PFBOCR allow the tuning of resources to
suit particular applications' needs. The cache and two buffers are each controlled
individually. The register controls enable buffering and prefetching per access type
(instruction fetch or data reference). The cache also supports three types of LRU
replacement algorithms:

e LRU per set across all four ways,
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* LRU with ways [0-1] for instruction fetches and ways [2-3] for data fetches, and
* LRU with ways [0-2] for instruction fetches and way [3] for data fetches.

As an application example: if both instruction fetches and data references are accessing
bank 0, control is available to send instruction fetches, data references, or both to the
cache or the single-entry buffer. Likewise, speculation can be enabled or disabled for
either type of access. If both instruction fetches and data references are cached, the
cache's way resources may be divided in several ways between the instruction fetches and
data references.

19.5.3 Wait states

Because the core, crossbar switch, and bus masters can be clocked at a higher frequency
than the flash clock, flash memory accesses that do not hit in the speculation buffer or
cache usually require wait states. The number of wait states depends on both of the
following:
1. the ratio of the core clock to the flash clock, and
2. the phase relationship of the core clock and flash clock at the time the read is
requested.

The ratio of the core clock to the flash clock is equal to the value of PFBOCR[BORWSC]
+ 1 for bank 0 and to the value of PFBICR[BIRWSC] + 1 for bank 1.

For example, in a system with a 4:1 core-to-flash clock ratio, a read that does not hit in
the speculation buffer or the cache can take between 4 and 7 core clock cycles to
complete.
* The best-case scenario is a period of 4 core clock cycles because a read from the
flash memory takes 1 flash clock, which translates to 4 core clocks.
» The worst-case scenario is a period of 7 core clock cycles, consisting of 4 cycles for
the read operation and 3 cycles of delay to align the core and flash clocks.
* A delay to align the core and flash clocks might occur because you can request a
read cycle on any core clock edge, but that edge does not necessarily align with a
flash clock edge where the read can start.
* In this case, the read operation is delayed by a number of core clocks equal to the
core-to-flash clock ratio minus one: 4 - 1 = 3. That is, 3 additional core clock
cycles are required to synchronize the clocks before the read operation can start.

All wait states and synchronization delays are handled automatically by the Flash
Memory Controller. No direct user configuration is required or even allowed to set up the
flash wait states.
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19.5.4 Speculative reads

The FMC has a single buffer that reads ahead to the next word in the flash memory if
there is an idle cycle. Speculative prefetching is programmable for each bank for
instruction and/or data accesses using the BODPE and BOIPE fields of PFBOCR. Because
many code accesses are sequential, using the speculative prefetch buffer improves
performance in most cases.

When speculative reads are enabled, the FMC immediately requests the next sequential
address after a read completes. By requesting the next word immediately, speculative
reads can help to reduce or even eliminate wait states when accessing sequential code
and/or data.

For example, consider the following scenario:

e Assume a system with a 4:1 core-to-flash clock ratio and with speculative reads
enabled.

» The core requests four sequential longwords in back-to-back requests, meaning there
are no core cycle delays except for stalls waiting for flash memory data to be
returned.

* None of the data is already stored in the cache or speculation buffer.

In this scenario, the sequence of events for accessing the four longwords is as follows:

1. The first longword read requires 4 to 7 core clocks. See Wait states for more
information.

2. Due to the 64-bit data bus of the flash memory, the second longword read takes only
1 core clock because the data is already available inside the FMC. While the data for
the second longword is being returned to the core, the FMC also starts reading the
third and fourth longwords from the flash memory.

3. Accessing the third longword requires 3 core clock cycles. The flash memory read
itself takes 4 clocks, but the first clock overlaps with the second longword read.

4. Reading the fourth longword, like the second longword, takes only 1 clock due to the
64-bit flash memory data bus.

19.6 Initialization and application information

The FMC does not require user initialization. Flash acceleration features are enabled by
default.
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The FMC has no visibility into flash memory erase and program cycles because the Flash
Memory module manages them directly. As a result, if an application is executing flash
memory commands, the FMC's cache might need to be disabled and/or flushed to prevent

the possibility of returning stale data. Use the PFBOCR[CINV_WAY] field to invalidate
the cache in this manner.
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Chapter 20
Flash Memory Module (FTFL)

20.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The flash memory module includes the following accessible memory regions:

* Program flash memory for vector space and code store
* FlexXNVM for data store and additional code store
* FlexRAM for high-endurance data store or traditional RAM

Flash memory is ideal for single-supply applications, permitting in-the-field erase and
reprogramming operations without the need for any external high voltage power sources.

The flash memory module includes a memory controller that executes commands to
modify flash memory contents. An erased bit reads '1' and a programmed bit reads '0'".
The programming operation is unidirectional; it can only move bits from the '1' state
(erased) to the '0' state (programmed). Only the erase operation restores bits from '0' to
'1"; bits cannot be programmed froma '0'to a'l".

CAUTION

A flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
flash memory location is not allowed. Re-programming of
existing Os to O is not allowed as this overstresses the device.

The standard shipping condition for flash memory is erased
with security disabled. Data loss over time may occur due to
degradation of the erased ('1') states and/or programmed ('0")
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states. Therefore, it is recommended that each flash block or
sector be re-erased immediately prior to factory programming
to ensure that the full data retention capability is achieved.

20.1.1 Features
The flash memory module includes the following features.

NOTE
See the device's Chip Configuration details for the exact
amount of flash memory available on your device.

20.1.1.1 Program Flash Memory Features
* Sector size of 2 Kbytes

* Program flash protection scheme prevents accidental program or erase of stored data
* Automated, built-in, program and erase algorithms with verify
 Section programming for faster bulk programming times

* Read access to program flash memory possible while programming or erasing data in
the data flash memory or FlexRAM

20.1.1.2 FlexNVM Memory Features

When FlexNVM is partitioned for data flash memory:
* Sector size of 1 Kbyte
* Protection scheme prevents accidental program or erase of stored data
» Automated, built-in program and erase algorithms with verify
 Section programming for faster bulk programming times

» Read access to data flash memory possible while programming or erasing data in the
program flash memory
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20.1.1.3 FlexRAM Features
* Memory that can be used as traditional RAM or as high-endurance EEPROM storage

» Up to 2 Kbytes of FlexRAM configured for EEPROM or traditional RAM operations
* When configured for EEPROM:

* Protection scheme prevents accidental program or erase of data written for
EEPROM

e Built-in hardware emulation scheme to automate EEPROM record maintenance
functions

* Programmable EEPROM data set size and FlexXNVM partition code facilitating
EEPROM memory endurance trade-offs

* Supports FlexRAM aligned writes of 1, 2, or 4 bytes at a time

* Read access to FlexRAM possible while programming or erasing data in the
program or data flash memory

* When configured for traditional RAM:

* Read and write access possible to the FlexRAM while programming or erasing
data in the program or data flash memory

20.1.1.4 Other Flash Memory Module Features
* Internal high-voltage supply generator for flash memory program and erase
operations

* Optional interrupt generation upon flash command completion

* Supports MCU security mechanisms which prevent unauthorized access to the flash
memory contents

20.1.2 Block Diagram

The block diagram of the flash memory module is shown in the following figure.
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Figure 20-1. Flash Block Diagram

20.1.3 Glossary

Command write sequence — A series of MCU writes to the flash FCCOB register
group that initiates and controls the execution of flash algorithms that are built into the
flash memory module.

Data flash memory — Partitioned from the FlexNVM block, the data flash memory
provides nonvolatile storage for user data, boot code, and additional code store.

Data flash sector — The data flash sector is the smallest portion of the data flash
memory that can be erased.

EEPROM — Using a built-in filing system, the flash memory module emulates the
characteristics of an EEPROM by effectively providing a high-endurance, byte-writeable
(program and erase) NVM.

EEPROM backup data header — The EEPROM backup data header is comprised of a
32-bit field found in EEPROM backup data memory which contains information used by
the EEPROM filing system to determine the status of a specific EEPROM backup flash
sector.
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EEPROM backup data record — The EEPROM backup data record is comprised of a
2-bit status field, a 14-bit address field, and a 16-bit data field found in EEPROM backup
data memory which is used by the EEPROM filing system. If the status field indicates a
record is valid, the data field is mirrored in the FlexRAM at a location determined by the
address field.

EEPROM backup data memory — Partitioned from the FlexNVM block, EEPROM
backup data memory provides nonvolatile storage for the EEPROM filing system
representing data written to the FlexRAM requiring highest endurance.

EEPROM backup data sector — The EEPROM backup data sector contains one
EEPROM backup data header and up to 255 EEPROM backup data records, which are
used by the EEPROM filing system.

Endurance — The number of times that a flash memory location can be erased and
reprogrammed.

FCCOB (Flash Common Command Object) — A group of flash registers that are used
to pass command, address, data, and any associated parameters to the memory controller
in the flash memory module.

Flash block — A macro within the flash memory module which provides the nonvolatile
memory storage.

FlexMemory — Flash configuration that supports data flash, EEPROM, and FlexRAM.

FlexNVM Block — The FlexXNVM block can be configured to be used as data flash
memory, EEPROM backup flash memory, or a combination of both.

FlexRAM — The FlexRAM refers to a RAM, dedicated to the flash memory module,
that can be configured to store EEPROM data or as traditional RAM. When configured
for EEPROM, valid writes to the FlexXRAM generate new EEPROM backup data records
stored in the EEPROM backup flash memory.

Flash Memory Module — All flash blocks plus a flash management unit providing
high-level control and an interface to MCU buses.

IFR — Nonvolatile information register found in each flash block, separate from the
main memory array.

NVM — Nonvolatile memory. A memory technology that maintains stored data during
power-off. The flash array is an NVM using NOR-type flash memory technology.

NVM Normal Mode — An NVM mode that provides basic user access to flash memory
module resources. The CPU or other bus masters initiate flash program and erase
operations (or other flash commands) using writes to the FCCOB register group in the
flash memory module.
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NVM Special Mode — An NVM mode enabling external, off-chip access to the memory
resources in the flash memory module. A reduced flash command set is available when
the MCU is secured. See the Chip Configuration details for information on when this
mode is used.

Phrase — 64 bits of data with an aligned phrase having byte-addres