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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 MCF51JU32, MCF51JU64, and MCF51JU128 microcontrollers.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using these microcontrollers 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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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).
REVNQO[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, REVNQ[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 7-0 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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1.2.4 Register reset

Information provided about every register includes each bit's value upon a reset event.
The documented devices support multiple types of reset. The specific reset type that
effects particular reset values can vary by module, by register within a module's
programming model, and even by bit within a register.

For details about the reset type(s) affecting a module's registers, refer to the module's
Chip Configuration information and register descriptions. When a register's details
specify a reset type, in some cases other reset types do not affect the register.

For information about the various reset types, refer to the Reset details.

When a register's description does not specify a reset type, the reset type is Chip Reset
(including Early Chip Reset).
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Chapter 2
Introduction

2.1 ColdFire+ Portfolio Introduction

Freescale's ColdFire+ 32-bit microcontrollers are built on the Version 1 (V1) ColdFire®
core and enabled by innovative 90 nm thin film storage (TFS) flash process technology
with FlexMemory. The ColdFire+ portfolio consists of six families featuring ultra-low
power capabilities in small footprint solutions with embedded flash memory that scales
from 32 KB to 128 KB. The families offer a rich combination of additive peripherals
including USB, high performance mixed signal capabilities, hardware encryption, an
innovative touch sensing interface (TSI), and more. These key features make ColdFire+
microcontrollers ideal for portable handheld devices, wireless nodes, peripherals that
require device authentication, building control security pads, and advanced remote
control devices.

The feature superset of all six pin- and software-compatible families includes:

* Innovative FlexMemory enabling up to 2 KB of enhanced EEPROM or additional 32
KB of flash

* 10 flexible low power modes, ideal for extending battery life

* 16-bit or 12-bit ADC and 12-bit DAC to provide flexible and powerful mixed signal
capabilities

* Cryptographic Acceleration Unit (CAU) and Random Number Generator (RNGB)
for secure communications

* Integrated capacitive touch sensing support: low power touch sensing interface (TSI)

* Integrated USB 2.0 Full-Speed Device/Host/OTG Controller supporting connection
via USB and battery charging

* Synchronous audio interface (SAI) providing a direct interface to codecs and to Inter-
IC Sound (I2S) audio devices

* Wide operating voltage range from 1.71 V to 3.6 V with flash programmability and
full analog functionality over entire range

 Various timers that support general purpose, PWM, and motor control functions

* GPIO with pin interrupt functionality
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» Small footprint packages designed for space-constrained applications

* Rich suite of complimentary runtime software including Freescale's MQX RTOS, a
full set of USB class drivers, a cryptographic library, a motor control library, and
much more

The ColdFire+ device families are the MCF51QU, MCF51QM, MCF51JU, and
MCF51JF.

V1 ColdFire+ MCU Families

MCF51JF
12-bit ADC, I12S/SAl
Hardware Encryption
USB 2.0: DCD
and regulator

MCF51JU
12-bit ADC, 12S/SAI
USB 2.0: DCD
and regulator

MCF51QM

16-bit ADC Common features of all devices:
HardwarsiEncryption 32 KB to 128 KB Flash
32 KB FlexMemory (2 KB EEPROM)
1.71 V to 3.6 V Full Operation
10 Low Power Modes
Touch Sense Interface
UART with SmartCard, SPI, I°C, FlexTimers,
Voltage Reference, 12-bit DAC

Figure 2-1. ColdFire+ Portfolio

2.2 MCF51JU128 Block Diagram

The block diagram shows the feature categories of all ColdFire+ device families. Within
each category, the diagram shows the superset of modules and number of module
instances on the 64-pin members of the MCF51JU family.
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Core and System Power Memory and Clocks
V1 ColdFire Core Management Memory Interfaces
System Mode Phase-
Deb
CPU ebug Controller Flash RAM Locked Loop
Enhanced Power E -
Multiply- Hardware Management FlexNVM FlexRAM 5 ref”defcy
Accumulator Divide Controller ocked Loop
Crossbar Interrupt Voltage Serial External Bus Low/High
Switch Controller Regulator Programming Interface Frequency
I/F (EzPort) | |(Mini-FlexBus) Oscillators
Direct Memory Low-Leakage
Access Wakeup Internal
Reference
Clocks
System Security Analog Timers Communication Human-Machine
and |ntegr|ty Interfaces Interface (HM')
. . UART x2 (with
CRC 12-bit ADC Timers x2 12C x4 Smart Card) GPIO
Analog Carrier USB OTG Capacitive
Watchd
alenhdog Comparator T'\ﬂgr?surﬁ%?ér SPlx2 LS/FS Touch Sense
. Programmable USB Charger External
6-bit DAC Delay Block 125/SAl Detect Interrupt
12-bit DAC Modulo
Timer
Voltage Low Power
Reference Timers x2
Figure 2-2. MCF51JU128 (64-pin) Block Diagram

2.3 MCF51JU Feature Summary

The following table summarizes the features integrated on all MCF51JU devices. For
MCEF51JU device features that vary by package, refer to MCF51JU Features by Package.

Table 2-1. Feature Summary

Feature

Details

Hardware Characteristics

Voltage range

1.71Vto 3.6V

Flash write voltage

Downto 1.71V

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature

Details

Packages

32-pin QFN (5 x 5 mm?)

44-pin Laminate QFN (5 x 5 mm?)
48-pin LQFP (7 x 7 mm?)

64-pin LQFP (10 x 10 mm?)

Temperature range, ambient (Tp)

-40°C to 105°C (V temperature)

Temperature range, junction (T)

-40°C to 115°C

Core and System

Central processing unit (CPU)

High-performance Version 1 (V1) ColdFire core with EMAC and DIV hardware
acceleration

Implements instruction set revision C (ISA_C)

Maximum CPU frequency

50 MHz

Dhrystone 2.1 performance

1.10 DMIPS per MHz performance when executing from internal RAM

0.99 DMIPS per MHz when executing from flash

Interrupt controller (INTC)

Supports 7 priority levels and software interrupt acknowledges

Direct memory access (DMA) controller

Four independently programmable channels provide the means to transfer data
directly between system memory and 1/O peripherals

Low-leakage wakeup unit (LLWU)

16 external wakeup pins with digital glitch filter
4 internal wakeup sources

RESET pin can be treated as reset wakeup in low leakage (LLS and VLLS)
modes

Debug

Integrated ColdFire DEBUG_Rev_B+ interface with single wire BDM

Real-time debug support, with six hardware breakpoints that can be configured
to halt the processor or generate debug interrupt

Capture of compressed processor status and debug data into trace buffer

On-chip trace buffer that provides programmable start/stop recording conditions

Power Management

Power management controller (PMC)

Various stop, wait, and run modes to enable low power applications:
* Run and stop regulation modes to enable low power MCU operation
* Several low power and low leakage stop modes

Peripheral clock enable register can disable clocks to unused modules, further
reducing current consumption

Low voltage warning and detect with selectable trip points

3.3 V voltage regulator (VREG)

5 Vinput, 3.3 V output, up to 120 mA

Memory and Memory Interfaces

Total flash memory

Up to 160 KB (128 KB + 32 KB)

Program flash Up to 128 KB
FlexNVM Up to 32 KB
FlexRAM Up to 2 KB
RAM Up to 32 KB

Total random access memory (RAM)

Up to 34 KB (32 KB + 2 KB)

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature

Details

FlexMemory (FlexNVM plus FlexRAM)
configuration examples'

Example 1: 32 KB additional program flash, no data flash or EEPROM, 2 KB
additional RAM

Example 2: 32 KB data flash memory, 2 KB additional RAM
Example 3: Up to 2 KB high-endurance, nonvolatile, enhanced EEPROM
Example 4: Partial data flash and EEPROM

Low-leakage standby memory

Full RAM in LLS and VLLS3 power modes, 1 KB RAM or 8KB RAM in VLLS2
mode

32-byte register file in all power modes, including VLLS1 mode

External bus interface (Mini-FlexBus)

Supports glueless connections to external memories and peripherals
Up to 20 address and 8 data lines (non-muxed mode)
Up to 20 address lines and 16 data lines (muxed mode)

2 chip selects

Serial programming interface (EzPort)

Supports flash in-system programming

Clocks

External crystal oscillator or resonator

Low range, low power, or full-swing: 32 kHz to 40 kHz
Medium range, low power, or full-swing: 1 MHz to 8 MHz

High range, low power, or full-swing: 8 MHz to 32 MHz

External clock DC to 50 MHz

Internal clock references Two internal trimmable reference clocks
e 32 kHz
e 2 MHz

Internal 1 kHz low power oscillator

Phase-locked loop (PLL)

Up to 100 MHz VCO

Frequency-locked loop (FLL)

1

System Security and Integrity

Cyclic redundancy check (CRC) module

User configurable 16/32-bit hardware CRC generator circuit with programmable
generator polynomial

Supports checksumming of any memory image

COP watchdog module

1

Memory

Flash security features and block protection

Unique chip identification (ID) number

128 bits wide

Analog

Analog-to-digital converter (ADC): 12-bit

1 successive approximation (SAR) ADC

Up to 17 single-ended channels

12-bit digital-to-analog converter (DAC)

1

High-speed comparator (CMP)

1 with 6-bit DAC

Programmable voltage reference (VREF)

1

Timers

Programmable delay block (PDB)

1 ADC channel (with 2 triggers), 1 DAC channel, and 1 pulse-out to CMP

16-bit flexible timer (FTMO)

Up to 2 channels, with quadrature decoder

Table continues on the next page...
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Table 2-1. Feature Summary (continued)

Feature

Details

16-bit flexible timer (FTM1)

6 channels

16-bit modulo timer (MTIM)

1

Carrier modulator transmitter (CMT)

1

Low-power timers (LPTMRO and LPTMR1)

Support Time of Day function with an external 32.768 kHz low power crystal
oscillator

1-channel, 16-bit pulse counter or periodic interrupt

Communication Interfaces

Universal Serial Bus (USB) 2.0 On-the-Go
(OTG) controller?

Low-speed, full-speed

Host, device, and OTG support

USB device charger detect (DCD)

Compliant with USB Battery Charging Specification, Revision 1.1, and supporting
programmable timing parameters

16-bit serial peripheral interface (SPIO)

1 with independent 8-byte transmit and receive FIFOs

16-bit serial peripheral interface (SPI1)

1 (without FIFO)

Inter-Integrated Circuit (12C)

Upto 4

Universal asynchronous receivers/
transmitters (UARTO and UART1)

Serial communications interface (SCI)

Support for ISO 7816 protocol for interfacing with smart cards
Hardware flow control

Higher baud rates (CPU clock)

Independent data FIFO for transmit and receive

Inter-IC Sound (12S) / Synchronous Audio
Interface (SAI)

1

Human-Machine Interface (HMI)

Rapid general-purpose input/output
(RGPIO)3

Up to 16 bits of high-speed GPIO functionality connected to the processor's local
32-bit bus with faster set, clear, and toggle functionality

Enhanced general-purpose input/output
(EGPIO)

Up to 48

Pin interrupt / DMA request capability

Up to 16 EGPIOs (PORTB and PORTC) with digital glitch filter
Hysteresis and configurable pullup/pulldown device on all input pins

Configurable slew rate and drive strength on all output pins

Touch sensing inputs (TSI)

Upto 16

Interrupt Request Pin (IRQ)

Rising or falling edge selection
Level sensitivity option

Configurable internal pullup/pulidown

Defined as a nonmaskable interrupt request

1. FlexNVM can be used as program flash,
combination of data flash and EEPROM.

as data flash, or, in conjunction with FlexRAM, as high-endurance EEPROM or a

2. The 3.3 V voltage regulator on all ColdFire+ devices powers the on-chip USB transceiver. The regulator input supports the
5V supply typically provided by USB VBUS power.

3. Shared with EGPIO pins
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2.4 MCF51JU Features by Package

The following summary identifies aspects of MCF51JU features that vary by package.

Table 2-2. Feature Summary by Package

z 2 4 2 2 3
= 3 5 2 2 2
Part number S 3 S s g g
2 2 - 2 ] S
b i i i D D
g g = = g g
Package type and number of pins 32-pin QFN ‘gl-:?\ll? ‘:_BQ-T;: 44-pin QFN! ?_40'?::‘
Package dimensions (mm x mm) 5x5 5x5 7 5x5 10x10
Core Processor
V1 ColdFire core with EMAC and DIV Yes
Maximum CPU frequency (MHz) 50
Memory and Memory Interfaces
Total flash memory (KB) Up to 48 Up to 96 Up to 160
Flash (KB) 32 64 128
FlexNVM (KB) 16 32
FlexRAM (KB) Upto 1 Upto2
RAM (KB) 8 16 32
External bus interface (Mini-FlexBus) None 8data/2 CS 20 address /
8data/2
Cs
Serial programming interface (EzPort) Yes
Clocks
Multipurpose clock generator (MCG) FLL + PLL + internal oscillator (32 kHz or 2 MHz)
System Security and Integrity
Cyclic redundancy check (CRC) 1
COP watchdog module 1
Analog
12-bit ADC single ended 6 ch 9ch 11 ch 9ch | 17 ch
12-bit DAC 1
CMP (with 6-bit DAC) external inputs 1 2 | 4
VREF No Yes
Timers
FlexTimer (FTMO with quad decoder) None 1ch 2ch
channel pins?
FlexTimer (FTM1) channel pins 6 ch

Table continues on the next page...
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Table 2-2. Feature Summary by Package (continued)

w (7)) T
Part number S 3 S S g g
3 2 = = 2 2
: 5 5 5 2 2
= = = = = =
Package type and number of pins 32-pin QFN ‘t;-:?ql? ‘:_8(;")::1 44-pin QFN' ?_t"):':
Package dimensions (mm x mm) 5x5 5x5 77 5x5 10x10
Carrier modulator transmitter (CMT) 1
Programmable delay block (PDB) 1
16-bit modulo timer (MTIM) 1
Low power timer (LPTMR) 2
Communication Interfaces
UART 2
[2S/SAl 1
SPI (16-bit) 2 (1 with FIFO)
12Cc 4
USB 2.0 OTG LS/FS® 1
USB DCD 1
Human-Machine Interface (HMI)
Touch sensing inputs (TSI) 5 7 8 7 16
Total GPIO pins* 22 31 35 31 48
Pin interrupts 22 31 35 31 48
RGPIO 5 8 10 8 16
1. Laminate QFN

2. When an FTM channel pin is not present in a package, the channel's internal functionality remains available. In packages
where FTMO channel 0 is not available, the comparator can be used to connect an external input to FTM channel 0.

3. The 3.3 V voltage regulator on all ColdFire+ devices powers the on-chip USB transceiver. The regulator input supports the

5 V supply typically provided by USB VBUS power.

4. GPIO numbers include RGPIO
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Chapter 3
Chip Configuration

3.1 Introduction

This chip configuration information consists of details about the individual modules that
are specific to the chip. The information 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.

NOTE
For clock gating information that applies to modules generally,
refer to Clock gating. Any additional clock gating info that is
specific to a module appears in the module's dedicated chip
configuration details.

3.2 Module to Module Interaction Summary

This device contains internal connections between peripherals to support a number of
different target applications. The following table summarizes these connections.
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Table 3-1. Module to Module Interactions Summary

Use Case Function Peripherals Description Control
Motor Speed detection /|CMP, FTMO, FTM input capture or an The ACFTM bit in the SIM's SOPT7
control tachometer pulse |LPTMR1, LPTMR input is connected to |register enables CMP_OUT to the FTMO
counting LPTMRO CMP_OUT. channel 0 input. The LPTMR's CSR[TPS]
bits can be set to 00 to select the
CMP_OUT.
FTM CMP, FTMO, The CMP_OUT signal can be |Make the selection with the CHXTRIG bits
synchronization |FTM1, used to synchronize the count |in the FTMs' EXTTRIG register.
FTMxSYNC bits |of FTMO and FTM1.
Programmable CMP, FTMO, The CMP_OUT signal is Make the selection with the FAULTXEN
fault detection FTM1 connected to the FTMO and  |bits in the FTMs' FLTCTRL register.
FTM1 fault inputs.
Analog / Low power CMP, LPTMR1, |CMP_OQOUT is connected to The ACFTM bit in the SIM's SOPT7
signal adjustable pulse |FTMO the LPTMR1 input for pulse register enables CMP_OUT to the FTMO
analysis counting counting or to FTMO channel |channel 0 input. The LPTMR's CSR[TPS]
0 for pulse width bits can be set to 00 to select the
measurement. CMP_OUT.
Low power ADC |LPTMRO, ADC |An LPTMR overflow The ADTRGS bit in the SIM's SOPT7
conversion generates an ADC conversion |register selects ADC trigger source. Then
trigger. the LPTMR should generate a trigger for
the ADC's SC1A register only.
PDB triggering of | DAC, PDB A PDB interval trigger is used |Set up using the PDB.
DAC to generate DAC triggers.
PDB triggering of |PDB with Using the PDB, various Combine PDB configuration and
ADC conversion |LPTMRO, modules can be used to initialization of the desired peripheral.
triggering LPTMR1, CMP, |initiate an ADC conversion.
PDB EXTRG,
FTMO, FTM1,
MTIM
Internal voltage |DAC, VREF, DAC and VREF outputs are DAC and VREF outputs must be enabled:
reference signals |ADC, CMP available as ADC channels use the ADC's SC1n register to select the
and CMP inputs. DAC or VREF. The CMP can also be used
to select the DAC or VREF.
Accurate VREF, ADC, The VREF output is The VREF is enabled by VREF control
reference for DAC connected to the ADC registers. The ADC or DAC chooses VREF
analog reference or DAC reference. |as the reference (REFSEL bits in the
peripherals ADC's SC2 register).
Communic |UART optical UART1, FTMx, |The UART1_Rx input can be |Configure the CMP so its external input pin
ations isolation MTIM, CMP connected to CMP_OUT, and |is used as the source of the RX signal with
the TX output can be the SIM's SOPT6[RX1IN] bit. The FTMx or
modulated with the output of |MTIM modulation is selected by the
one of the timers (FTMO, MTBASE[0:1] bits. The MODTX1 bit
FTM1, MTIM) before being enables the UART modulation.
transmitted off chip.
[2C dual role (I2C0 and I12C1)  |I2C0 and 12C1 or I12C2 and Use the I2CDRO or I2CDR2 bit in the SIM's
functionality and (12C2 and [2C3 are connected to allow | SOPT?7 register to connect 12C0 and I12C1
(separate slave |I2C3) separate status/control and  |or I2C2 and I2C3, respectively.
and master interrupts for 12C.
control and
interrupts)
MCF51JU128 Reference Manual, Rev. 3, 08/2012
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3.3 Core modules

3.3.1 Version 1 (V1) ColdFire 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.

Debug Interrupts

Crossbar
switch

V1 ColdFire
Core

Figure 3-1. Core configuration

Table 3-2. Reference links to related information

Topic

Related module

Reference

Full description

V1 ColdFire core

Core

System memory map

System memory map

Clocking Clock distribution
Power management Power management
Debug Background debug controller (BDC) Debug

Interrupts Interrupt controller (INTC) INTC

System/instruction/data
bus module

Crossbar switch

Crossbar switch

System/instruction
module

Enhanced multiply-accumulate (EMAC) unit

EMAC

3.3.2 Debug 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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Background Debug Module signals
Controller (BDC)

Signal multiplexing

Figure 3-2. Debug configuration

Table 3-3. Reference links to related information

Topic Related module Reference
Full description V1 ColdFire core debug Debug
. Background debug mode (BDM)

. Background debug controller (BDC)

Signal multiplexing Port mux control Signal multiplexing

3.3.2.1 USB VREG in BDM

If the chip is in active background debug mode (BDM) and then enters stop mode, the
voltage regulator will not enter its standby mode.

3.4 System modules

3.4.1 Crossbar Switch 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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V1 ColdFire

Chapter 3 Chip Configuration

Slave Modules

core CPU

EzPort

Y

MO

Mux

DMA

usB

Y

Y

M1

M2

Crossbar Switch

SO

S

S3

Flash

A

controller

Mini-FlexBus

A

Peripheral
> bridge

RAM

Y

A

Y

RGPIO

controller

Figure 3-3. Crossbar switch integration

Table 3-4. Reference links to related information

Topic

Related module

Reference

Full description

Crossbar switch

Crossbar Switch

System memory map

System memory map

Clocking

Clock Distribution

Crossbar switch master

V1 ColdFire core CPU

Core

Crossbar switch master

DMA controller

DMA controller

Crossbar switch master EzPort EzPort
Crossbar switch master USB USB
Crossbar switch slave Flash memory Flash memory controller
controller
Crossbar switch slave Mini-FlexBus Mini-FlexBus
Crossbar switch slave Peripheral bridge Peripheral bridge
Crossbar switch slave RAM RAM
Crossbar switch slave RGPIO RGPIO

3.4.1.1 Crossbar Switch Master Assignments

This device contains three master connections to the crossbar switch.
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Master module Master port number
CPU 0
DMA controller and EzPort (shared) 1
USB device 2
NOTE

The DMA controller and EzPort module share a master port.
Because these modules never operate at the same time, no
configuration or arbitration explanations are necessary.

3.4.1.2 Crossbar Switch Slave Assignments

This device contains three slave connections to the crossbar switch.

Slave module Slave port number
Flash memory controller 0
Mini-FlexBus and peripheral bridge (shared) 1
RAM and RGPIO (shared) 3

3.4.2 Peripheral Bridge Configuration

Transfers Transfers

Peripheral bridge

Peripherals

Crossbar switch

Figure 3-4. Peripheral bridge configuration

Table 3-5. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Crossbar switch Crossbar switch Crossbar switch

3.4.2.1 Peripheral bridge interfaces

The peripheral bridge has two interfaces for transfers to and from modules.
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Table 3-6. Peripheral bridge interfaces

Interface size

Connected modules
DMA controller and Mini-FlexBus

32-bit
8-bit

All other modules with an assigned slot in the peripheral bus
memory map

3.4.2.2 Memory map and module register access

The peripheral bridge enables access to the registers of most of the modules on this
device. See the memory map tables for the memory slot assignment for each module.

3.4.3 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

] o |

Transfers

é

DMA Controller

Crossbar switch

é

Figure 3-5. DMA Controller configuration

Table 3-7. Reference links to related information

Topic Related module Reference

Full description DMA controller DMA controller
System memory map

System memory map
Clock distribution

Clocking

Power management Power management

Requests

DMA request sources

3.4.3.1 DMA Request Sources

The following table identifies the DMA request sources.
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Table 3-8. DMA request sources

Request ID Assignment to DMA | Assignment to DMA | Assignment to DMA | Assignment to DMA

Channel 0 Channel 1 Channel 2 Channel 3

0 SPI0 Transmit SPI0 Transmit SPI1 Transmit SPI1 Transmit

1 SPI0 Receive SPI0 Receive SPI1 Receive SPI1 Receive

2 UARTO Transmit UART1 Transmit UART1 Transmit UARTO Transmit

3 UARTO Receive UART1 Receive UART1 Receive UARTO Receive

4 [2Co [2C1 12c2 12C3

5 [2C1 [2c2 12C3 12co

6 12S Transmit 12S Transmit 12S Transmit 12S Transmit

7 I°S Receive I°S Receive I°S Receive I°S Receive

8 12-bit DAC CMP CMP 12-bit DAC

9 FTMO Channel 0 FTMO Channel 0 FTM1 Channel 0 FTM1 Channel 0

10 FTMO Channel 1 FTMO Channel 1 FTM1 Channel 1 FTM1 Channel 1

11 FTM1 Channel 2 FTM1 Channel 3 FTM1 Channel 4 FTM1 Channel 5

12 FTM1 Channel 3 FTM1 Channel 4 FTM1 Channel 5 FTM1 Channel 2

13 PDB CMT ADC CMT

14 ADC PTC | PTD PTF | PTE PTA | PTB

15 PTA PTE PTC PTD

3.4.4 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.

Peripheral
bridge

Register
access

Interrupt
priority
level

V1 ColdFire core

Interrupt Controller
(CF1_INTC)

D ———
° °
. °
. .

Figure 3-6. INTC configuration

Table 3-9. Reference links to related information

Topic

Related module

Reference

Full description

Interrupt Controller
(INTC)

INTC

Table continues on the next page...
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Table 3-9. Reference links to related information (continued)

Topic

Related module

Reference

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

3.4.4.1

The CF1_INTC module implements a sparsely populated 7 x 9 matrix of levels (7) and

Interrupt priority levels

priorities within each level (9).

3.4.4.2

Interrupt channel assignments

The exception vector assignments include interrupt assignments.

NOTE

Level 7 interrupt requests are nonmaskable. For more
information, refer to the detailed description of the Interrupt
Controller module.

Table 3-10. Exception vector assignments

Address offset Vector number Level (Priority)’ Assignment
0x000 0 Initial supervisor stack pointer
0x004 1 Initial program counter
0x008 - 0xOFC 2-63 Assigned for internal CPU exceptions
0x100 64 7(mid) IRQ
0x104 65 7(3) LVD
0x108 66 7(2) Low Leakage Wakeup?
0x10C 67 7(1) MCG Loss of Clock
0x10E 6(7) Reserved for remapped vector #1
0x10F 6(6) Reserved for remapped vector #2
0x110 68 6(5) Flash
0x114 69 6(4) DMA Channel 0
0x118 70 6(3) DMA Channel 1
0x11C 71 6(2) DMA Channel 2
0x120 72 6(1) DMA Channel 3
0x124 73 5(7) USB Status
0x128 74 5(6) Reserved
0x12C 75 5(5) FTM1 Fault + Overflow

Table continues on the next page...
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Table 3-10. Exception vector assignments (continued)

Address offset Vector number Level (Priority)’ Assignment
0x130 76 5(4) FTM1 Channel 0
0x134 77 5(3) FTM1 Channel 1
0x138 78 5(2) FTM1 Channel 2
0x13C 79 5(1) FTM1 Channel 3
0x140 80 4(7) FTM1 Channel 4
0x144 81 4(6) FTM1 Channel 5
0x148 82 4(5) CMP
0x14C 83 4(4) FTMO Fault + Overflow
0x150 84 4(3) FTMO Channel 0
0x154 85 4(2) FTMO Channel 1
0x158 86 4(1) SPIO
0x15C 87 3(7) UARTO (Err, Transmit, Receive)®
0x160 88 3(6) I2S Receive
0x164 89 3(5) [2S Transmit
0x168 90 3(4) [2Co
0x16C 91 3(3) [2c2
0x170 92 3(2) SPI
0x174 93 3(1) UART1 (Err, Transmit, Receive)*
0x178 94 2(7) 12C1
0x17C 95 2(6) 12C3
0x180 96 2(5) ADC
0x184 97 2(4) TSI
0x188 98 2(3) DAC
0x18C 99 2(2) CMT
0x190 100 2(1) PDB
0x194 101 1(7) LPTMRO
0x198 102 1(6) LPTMR1
0x19C 103 7(0) Level 7 Software Interrupt
0x1A0 104 6(0) Level 6 Software Interrupt
0x1A4 105 5(0) Level 5 Software Interrupt
0x1A8 106 4(0) Level 4 Software Interrupt
0x1AC 107 3(0) Level 3 Software Interrupt
0x1B0 108 2(0) Level 2 Software Interrupt
0x1B4 109 1(0) Level 1 Software Interrupt
0x1B8 110 1(5) MTIM
0x1BC 111 1(4) USBDCD
0x1Co 112 1(3) EGPIO PORT A | EGPIO PORT B
0x1C4 113 1(2) EGPIO PORT D | EGPIO PORT C
0x1C8 114 1(1) EGPIO PORT F | EGPIO PORT E

Table continues on the next page...
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Table 3-10. Exception vector assignments (continued)

Address offset

Vector number

Level (Priority)'

Assignment

0x1CC-0x3FC

115-255

devices

RESERVED - Unused for ColdFire core

—_

VLLSx modes:

In the format x(y): x is the interrupt level and y is the priority within the level.
Upon exiting LLS mode, core instruction execution goes directly to the low leakage wakeup interrupt. For wakeup from

* One or two pending interrupts are serviced. One is serviced if the wakeup is from the LLWU wakeup pins, or two are
serviced if the wakeup is from a TSI, CMP, or LPTMR module.
¢ Then instruction execution resumes via the reset vectors.

All of the UARTO interrupt sources are joined in this single vector.
All of the UART1 interrupt sources are joined in this single vector.

Table 3-11. ColdFire Level, Priority within Level Matrix Interrupt Assignments

Priority Level Priority within Level'
7 6 5 4 Midpoint 3 2 1 0
Highest |7 IRQ LVD Low MCG Level 7
Leakage |Loss of SWI
Wakeup |Clock
6 INTC_PL |INTC_PL [Flash DMA X DMA DMA DMA Level 6
6P7 6P6 Channel 0 Channel 1 |Channel 2|Channel 3 |SWI
5 USB Reserved |FTM1 FTMA X FTM1 FTMA1 FTMA1 Level 5
Status Fault + Channel 0 Channel 1|Channel 2 [Channel 3|SWI
Overflow
4 FTM1 FTM1 CMP FTMO X FTMO FTMO SPIO Level 4
Channel 4 |Channel 5 Fault + Channel 0 |Channel 1 SWI
Overflow
3 UARTO 12S 12S 12Co X [2C2 SPH UARTH1 Level 3
Receive |[Transmit SWiI
2 [2C1 12C3 ADC TSI X DAC CMT PDB Level 2
SWI
Lowest 1 LPTMRO |LPTMR1 [MTIM USBDCD |x PORTA| |PORTD | [PORTF| |Level 1
PORTB |(PORTC |PORTE ([SWI

1. Within a level, priorities are evaluated numerically: that is, the higher the number, the higher the priority.

3.4.5 Low-Leakage Wakeup Unit (LLWU) 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 3-7. Low-Leakage Wakeup Unit configuration

Table 3-12. Reference links to related information

Topic

Related module

Reference

Full description

Low-Leakage Wakeup
Unit (LLWU)

LLWU

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Power Management
Controller (PMC)

PMC configuration

Wakeup requests

LLWU wakeup sources

3.4.5.1 LLWU wakeup sources

The LLWU module has the following internal and external inputs. WUPO-WUP135 are
external pin inputs, and module interrupt flags (MOIF-M3IF) are internal peripheral

connections.

NOTE

The RESET pin is also a wakeup source when the LLWU's
RST[LLRSTE] bit is 1 and the pin is enabled as RESET or
GPIO via port mux control.

NOTE

The signal selected as a wakeup source pin must be a digital
pin, as selected in the Port Mux Control registers.
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Table 3-13. LLWU Inputs
Wakeup Source Wakeup Pin Source
Pin

LLWU_PO |PTC7/UARTO_RX/I2C0_SDA/RGPIO7/ LLWU_P10 PTF2/SP10_MISO/FBa_AD7
SPI1_MISO/FBa_AD12

LLWU_P1 |[PTD1/UARTO_RTS/I2C1_SCL/RGPIO9/ LLWU_P11 PTF3/SPI0_MOSI/RGPIO1/FBa_ADS8/
SPI1_SS/FBa_AD14/12S0_RX_BC 12S0_TXD

LLWU_P2 |PTA5/UART1_RTS/I2C2_SDA/ LLWU_P12 PTC2/UART1_RTS/SPI1_SS/RGPIO2/
FTM1_CH5/SPI1_MOSI/CLKOUT/ FBa_AD18/I12S0_TX_FS
12S0_TXD

LLWU_P3 |PTA7/UARTO_TX/FTMO_QD_PHA/ LLWU_P13 PTF5/UART1_RX/SPI1_MISO/FBa_D2/
FBa_D5 FBa_RW/I12S0_RXD

LLWU_P4 |[PTD7/UARTO_CTS/I2C3_SCL/RGPIO15/ LLWU_P14 PTC3/UARTO_CTS/RGPIO3/SPI0_SCLK/
FBa_D3 CLKOUT/USB_CLKIN/I2S0_MCLK/

12S0_CLKIN
LLWU_P5 |[PTB0/12C0_SCL/IRQ LLWU_P15 PTC4/UARTO0_RX/RGPIO4/SPI0_MISO/
PDB0_EXTRG/USB_SOF_PULSE

LLWU_P6 |[PTB1/SPI0_SCLK/I2C0_SDA/FTM_FLT2/ LLWU_MOIF LPTMRO!
LPTMR_ALT2/FTMO_QD_PHB/
FB_CLKOUT

LLWU_P7 |PTB2/SPI0_MISO/FBa_CSO0 LLWU_M1IF LPTMR11

LLWU_P8 |PTE7/UARTO_TX/PDBO_EXTRG/ LLWU_M2IF CMPO'
SPI1_MOSI/FBa_RW/FBa_AD4

LLWU_P9 |PTB4/BKGD/MS LLWU_MSIF TSI

1. Requires the peripheral and the peripheral interrupt to be enabled. The internal module's WUME bit enables the internal
module flag as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.4.5.2 Reset due to LLWU wakeup event

During a reset sequence initiated via the LLWU, if neither BDM nor EzPort mode is
latched, the CPU immediately fetches the LLWU interrupt service routine (ISR). Upon
completion of the ISR, the CPU resumes the reset sequence.

3.4.5.3 LLWU register reset

All LLWU registers are reset by Chip Reset not VLLS and by other reset types that
trigger Chip Reset not VLLS. LLWU registers are unaffected by reset types that do not
trigger Chip Reset not VLLS. For more information about the types of reset available on
this chip, refer to the Reset details.
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3.4.6 Computer Operating Properly (COP) Watchdog
Configuration

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

Table 3-14. Reference links to related information

Topic Related module Reference
Clocking Clock distribution
Power management Power management
Programming model System Integration SIM
Module (SIM)

3.4.6.1 COP clocks
The two clock inputs for the COP are the 1 kHz clock and the bus clock.

3.4.6.2 COP watchdog operation

The COP watchdog is intended to force a system reset when the application software fails
to execute as expected. To prevent a system reset from the COP timer (when it is
enabled), application software must reset the COP counter periodically. If the application
program gets lost and fails to reset the COP counter before it times out, a system reset is
generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled. If the COP watchdog is not used in an
application, it can be disabled by clearing COPC[COPT] in the SIM.

The COP counter is reset by writing 0x55 and OXxAA (in that order) to the address of the
SIM's Service COP (SRVCOP) register during the selected timeout period. Writes do not
affect the data in the SRVCOP register. As soon as the write sequence is complete, the
COP timeout period is restarted. If the program fails to perform this restart during the
timeout period, the microcontroller resets. Also, if any value other than 0x55 or OXxAA 1s
written to the SRVCOP register, the microcontroller immediately resets.

The SIM's COPC[COPCLKS] field selects the clock source used for the COP timer. The

clock source options are either the bus clock or an internal 1 kHz clock source. With each
clock source, there are three associated timeouts controlled by COPC[COPT]. The
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following table summarizes the control functions of the COPCLKS and COPT bits. The
COP watchdog defaults to operation from the 1 kHz clock source and the longest timeout

controlBts Clock Source ?gggg?gggw?ﬁ)s COP Overflow Count
COPC[COPCLKS] COPC[COPT]
NiA 0o M/A MiA COP is disabled

0 01 1 kHz Mia 25 cycles (32 ms )
0 10 1 kHz NA 28 gycles (256 ms ')
0 11 1 kHz MiA 21% cycles (1,024 ms )
i 01 Bus 8,144 cycles 213 cycles
1 10 Bus 49,152 cycles 218 cycles
1 1 Bus 196,608 cycles 218 cycles

After the bus clock source is selected, windowed COP operation is available by setting
COPC[COPW] in the SIM. In this mode, writes to the SRVCOP register to clear the COP
timer must occur in the last 25% of the selected timeout period. A premature write
immediately resets the chip. When the 1 kHz clock source is selected, windowed COP
operation is not available.

The COP counter is initialized by the first writes to the SIM's COPC register and after
any system reset. Subsequent writes to the SIM's COPC register have no effect on COP
operation. Even if an application uses the reset default settings of the COPT, COPCLKS,
and COPW bits, the user should write to the write-once COPC register during reset
initialization to lock in the settings. This approach prevents accidental changes if the
application program becomes lost.

The write to the SRVCOP register that services (clears) the COP counter should not be
placed in an interrupt service routine (ISR) because the ISR could continue to be
executed periodically even if the main application program fails.

If the bus clock source is selected, the COP counter does not increment while the
microcontroller is in background debug mode or while the system is in stop (including
VLPS or LLS) mode. The COP counter resumes when the microcontroller exits
background debug mode or stop mode.

If the 1 kHz clock source is selected, the COP counter is re-initialized to zero upon entry
to either background debug mode or stop (including VLPS or LLS) mode. The counter
begins from zero upon exit from background debug mode or stop mode.
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Regardless of the bus selected, the COP is disabled when the chip enters a VLLSx mode.
Upon a reset that wakes the chip from the VLLSx mode, the COP is re-initialized and
enabled as for any reset.

3.4.7 System Mode Controller (SMC) 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

System Mode
Controller (SMC)

Resets

Power Management
Controller (PMC)

Figure 3-8. System Mode Controller configuration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description System Mode SMC
Controller (SMC)
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.7.1 SMC register reset

Different SMC registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset
details.
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3.4.8 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

Module
signals

Low-Leakage
Wakeup Unit

Power Management

Module
signals

Controller (PMC)

System Mode
Controller (SMC)

Figure 3-9. PMC configuration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

Power Management
Controller (PMC)

PMC

System memory map

System memory map

Power management

Power management

System Mode SMC
Controller (SMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.8.1

PMC register reset

Different portions of PMC registers reset on different MCU reset types. Refer to the
detailed register descriptions. For information about the various reset types on this chip,
refer to the Reset details.

3.4.9 Reset Control Module (RCM) 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
bridge

Register access

Module
Reset Control signals
Module (RCM)

System Mode
Controller (SMC)

Figure 3-10. RCM configuration

Table 3-17. Reference links to related information

Topic Related module Reference
Full description Reset Control Module RCM
(RCM)
System memory map System memory map
Power management Power management
System Mode SMC
Controller (SMC)

3.4.9.1 RCM register reset

Different portions of RCM registers reset on different MCU reset types. Refer to the
detailed register descriptions. For information about the various reset types on this chip,
refer to the Reset details.

3.4.10 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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Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-11. SIM configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description System Integration SIM
Module (SIM)
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.4.10.1 SIM register reset

Different SIM registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset
details.

3.5 Clock Modules

3.5.1 Multipurpose Clock Generator (MCG) 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 3-12. MCG configuration

Table 3-19. Reference links to related information

Topic Related module Reference
Full description MCG MCG
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.1.1 MCG oscillator-frequency trim settings: factory and custom

Factory-programmed values for trimming oscillator frequency are stored in the
nonvolatile information register (IFR) and are automatically loaded into the MCG's C3

and C4 registers after any reset.

A portion of the chip's program flash memory can be used to store other, custom settings
for frequency trimming. These locations appear as FTRIM and TRIM in the following

table.

Table 3-20. Flash memory addresses for custom oscillator-frequency trim

settings
Address Register 7 6 5 4 3 2 1 0
0x(00)00_03FD Storage of other — — — — — — — —
custom settings
0x(00)00_03FE Storage of FTRIM 0 0 0 0 0 0 0 FTRIM
0x(00)00_03FF Storage of TRIM TRIM

To override the factory-programmed settings with custom settings:
1. Using Freescale's BDM tools, users and third parties can reprogram the TRIM and
FTRIM values stored in the reserved flash memory addresses.
2. User code must copy the value of FTRIM to the MCG's C4[SCFTRIM] bit and the
value of TRIM to the MCG's C3[SCTRIM] field.
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3.5.2 Oscillator (OSC) 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

SIM

System oscillator 1

Figure 3-13. OSC1 configuration

Peripheral
bridge

Register
access

MCG

System oscillator 2

Figure 3-14. OSC2 configuration

Table 3-21. Reference links to related information

Topic Related module Reference

Full description 0osC 0SsC

System memory map System memory map
Clocking Clock distribution
Power management Power management
OSC1 configuration System Integration SIM
Module (SIM)
OSC2 configuration Multipurpose Clock MCG
Generation (MCG)
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3.6 Memories and Memory Interfaces

3.6.1 RAM Configuration

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

Transfers

RAM

Crossbar switch

Figure 3-15. RAM configuration

Table 3-22. Reference links to related information

Topic Related module Reference
Description RAM RAM overview
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.6.1.1 RAM overview

The microcontroller includes up to 32 KB of static RAM. RAM is most efficiently
accessed using the AS-relative addressing mode (address register indirect with
displacement mode). Any single bit in this area can be accessed with the bit manipulation

instructions (BCLR, BSET, and so on).

At power-on, the contents of RAM are uninitialized. RAM data is unaffected by any reset
provided that the supply voltage does not drop below the minimum value for RAM
retention (Vgram)-

3.6.1.2 RAM sizes

The embedded RAM is tightly coupled with the V1 ColdFire core. The following table
describes the amount of RAM (not counting FlexRAM) for the chips covered by this
document.
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Chip RAM (KB)
MCF51JU32 8
MCF51JU64 16
MCF51JU128 32

For all chips, the RAM has partitions that operate as a single unit:
* RAMI: 1 KB partition
* RAM2: 7 KB partition
* RAM3: 0 KB, 8 KB, or 24 KB partition (according to the total sizes in the preceding
table)

For example, for the MCF51JU128, RAM3 is a 24 KB partition.

3.6.1.3 RAM retention in low power modes

The RAM1, RAM2, and RAM3 partitions are retained in low power modes down to
VLLS3 mode.

In VLLS2 mode: The RAMI partition is powered, the RAM?2 partition is optionally
powered using the RAM2PO bit, and the RAM3 partition is not powered.

In VLLS1 mode: The RAM1, RAM2, and RAM3 partitions are not powered. However,
the 32-byte register file remains available in VLLS1 mode.

3.6.1.4 RAM accesses
The RAM's interface with the crossbar switch is 32 bits wide.

3.6.2 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.
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V1 ColdFire core

Control inputs

Transfers Flash memory Transfers
controller

Flash memory

Crossbar switch

Figure 3-16. Flash memory controller configuration

Table 3-23. 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
Control inputs V1 ColdFire core's CPU CPUCR
configuration register
(CPUCR)

3.6.3 Flash Memory Module (FTFL) 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
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access

Transfers
Flash memory

Flash memory
controller

Figure 3-17. Flash memory configuration

Table 3-24. Reference links to related information

Reference

Topic Related module

Full description Flash memory Flash memory

System memory map

System memory map
Clock distribution

Clocking
Transfers Flash memory Flash memory controller
controller
Register access Peripheral bridge Peripheral bridge

3.6.3.1 Flash Memory Types

This device contains multiple types of flash memory as defined below:

* Program flash: nonvolatile flash memory that can execute program code
* FlexMemory: memory block that can be configured as additional program flash, data
flash, and/or EEPROM. It allows user configuration of the EEPROM and data flash

sizes, as well as EEPROM endurance, to fulfill application requirements.
* FlexXNVM: nonvolatile 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

3.6.3.2 Flash Memory Sizes
The devices covered in this document contain:

* 1 block of program flash
* 1 block of FlexXNVM
* 1 block of FlexRAM
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The flash memory sector size is 1 KB.

The following table describes the amounts of memory for the devices covered in this

document.
Device Program flash (KB) FlexNVM (KB) FlexRAM (KB)
MCF51JU32 32 16 1
MCF51JU64 64 32
MCF51JU128 128 32

3.6.3.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System
Memory Map.

FTFL base address
Registers

Program flash base address

Flash configuration field
Program flash

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 3-18. Flash memory map

The following table identifies subdivisions within the chip's program flash memory
space. It also indicates where to find additional information about each area.

Table 3-25. High Level Program Flash Memory Map

Address range Reference

0x(00)00_0000 to 0x(00)00_03FC

Purpose

Standard program flash memory, interrupt vector
table

Interrupt channel assignments

0x(00)00_03FD to 0x(00)00_03FF |Standard program flash memory, space for

custom oscillator-frequency trim settings

MCG oscillator-frequency trim
settings: factory and custom

0x(00)00_0400 to 0x(00)00_040F Flash Configuration Field Flash Configuration Field

Description

0x(00)00_0410 to upper limit Standard program flash memory
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3.6.3.4 Flash Security

How flash security is implemented on the device is described in Chip Security.

3.6.3.5 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS is asserted during reset)
and in background debug mode (BDM). Otherwise, flash memory operates in NVM
normal mode.

3.6.3.6 Erase All Flash Contents

In addition to software, the entire flash memory may be erased external to the flash
memory in two ways:

1. Via the EzPort by issuing a bulk erase (BE) command.
2. Via background debug by using DBGCR[0] and DBGSR[0]. Refer to Debug Control
Register (DBGCR) and Debug Status Register (DBGSR) for details.

3.6.3.7 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.

3.6.4 System Register File Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-19. System Register file configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.6.4.1 Register file details

The chip includes a 32-byte register file, consisting of eight 32-bit registers, that is
accessible in all power modes and retains contents during low-voltage detect (LVD)
events.

The register file can be accessed via 8-bit, 16-bit, and 32-bit accesses. The 16-bit and 32-
bit accesses are serialized on the 8-bit peripheral bus.

The register file is reset exclusively by the POR Only reset type. It is unaffected by other
reset types. For information about the various reset types on this chip, refer to the Reset
details.

3.6.5 EzPort 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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Transfers Module signals

EzPort

Crossbar switch

Signal multiplexing

Figure 3-20. EzPort configuration

Table 3-27. Reference links to related information

Topic Related module Reference
Full description EzPort EzPort
System memory map System memory map
Clocking Clock distribution
Transfers Crossbar switch Crossbar switch
Signal multiplexing Port mux control Signal multiplexing

3.6.5.1 EzPort and BDM

EzPort mode and active background debug mode (BDM) cannot be used at the same
time. Attempts to use both simultaneously can lead to unexpected behavior.

BDM has priority over EzPort mode. For more information, refer to the detailed Boot
description.

3.6.5.2 Flash Option Register (FOPT)

The FOPT[EZPORT_DIS] bit can be used to prevent entry into EzPort mode during
reset. If the FOPT[EZPORT_DIS] bit is cleared, then the state of the chip select signal
(EZP_CS) is ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/IRQ signal configured for its IRQ
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the NMI signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified, the new value takes effect for any subsequent resets, until the value is changed
again. For more information about the FOPT register, refer to FOPT boot options.

MCF51JU128 Reference Manual, Rev. 3, 08/2012
Freescale Semiconductor, Inc. 99




wmermnories and Memory Interfaces

3.6.5.3 EzPort Clocking

The EzPort module is enabled only when the device is operating in EzPort mode. The
module clocks are active only in this mode. When the device is operating in normal
mode, the EzPort clock 1s disabled.

No register bits control the ezPort module clock because the clocking is determined by
operating mode.

3.6.6 Mini-FlexBus 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
Mini-FlexBus

Crossbar switch
Signal multiplexing

Figure 3-21. Mini-FlexBus configuration

Table 3-28. Reference links to related information

Topic Related module Reference
Full description Mini-FlexBus Mini-FlexBus
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.6.6.1 Mini-FlexBus instantiation information

The chip instantiates the Mini-FlexBus module with 20 address lines, 2 control signals, 8
data lines and 2 chip selects. The full functionality of the Mini-FlexBus is available only
on the 64-pin versions of the chip. The 44-pin and 48-pin versions offer the limited
functionality of the DATA bus for interfacing with peripherals such as graphical displays.
The 32-pin version does not support Mini-FlexBus functionality.
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To use DATA bus functionality, set the pin muxing controls to make available the
necessary functions. The DATA bus portion of Module-by-module signals identifies the
pins needed to support an 8-bit data bus.

The Mini-FlexBus modes of operation for 64-pin devices are:
» Up to a 20-bit address (non-multiplexed) with 8-bit data
* Up to a 20-bit address (multiplexed) with 16-bit data (write masking of upper/lower
bytes not supported)
» Up to a 20-bit address (multiplexed) with 8-bit data

3.6.6.2 Mini-FlexBus CSCRO reset value

On this device, the CSCRO resets to 0x003F_FCO00. Configure this register as needed
before performing any Mini-FlexBus access.

3.6.6.3 Mini-FlexBus security

When security is enabled on the device, Mini-FlexBus accesses may be restricted by
configuring the MBSL field in the SIM's SOPT6 register. See System Integration Module
(SIM) for details.

3.7 Security

3.7.1 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.
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Figure 3-22. CRC configuration
Table 3-29. Reference links to related information
Topic Related module Reference
Full description CRC CRC
System memory map System memory map
Power management Power management

3.7.1.1 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

3.8 Analog

3.8.1 12-bit 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 3-23. 12-bit SAR ADC configuration

Table 3-30. Reference links to related information

Topic Related module Reference
Full description 12-bit SAR ADC 12-bit SAR ADC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.8.1.1 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

3.8.1.2 ADC instantiation information

This device contains one ADC. The ADC has an option for the ADC clock altclk. For this
chip, altclk is connected to OSC2ERCLK.

The number of ADC channels present on the device is determined by the pinout of the
specific device package. For details, refer to Signal Multiplexing.

The 32-pin version of the chip does not bond out VREFL and VREFH to package pins.
For this reason, this package cannot achieve the same level of ADC performance as the
packages with larger numbers of pins.
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3.8.1.3 DMA support on ADC

Applications may require continuous sampling of the ADC (4K samples/second) that
may impose considerable load on the CPU. Though using PDB to trigger ADC may
reduce some CPU load, the ADC supports DMA request functionality for higher
performance when the ADC is sampled at a very high rate or for cases where the PDB is
bypassed. The ADC can trigger the DMA (via DMA req) on conversion completion.

3.8.1.4 ADCO Channel Assignments

ADC Channel (ADCH) Channel Input
00000 ADO Reserved
00001 AD1 Reserved
00010 AD2 ADCO_SE2
00011 AD3 ADCO_SE3
00100 AD4 12-bit DAC
00101 AD5 -

00110 AD6 -

00111 AD7 -

01000 AD8 ADCO_SE8
01001 AD9 ADCO_SE9
01010 AD10 ADCO_SE10
01011 AD11 ADCO_SE11
01100 AD12 ADCO_SE12
01101 AD13 ADCO_SE13
01110 AD14 ADCO_SE14
01111 AD15 ADCO_SE15
10000 AD16 ADCO_SE16
10001 AD17 ADCO_SE17
10010 AD18 ADCO_SE18
10011 AD19 ADCO_SE19
10100 AD20 ADCO_SE20
10101 AD21 ADCO_SE21
10110 AD22 ADCO_SE22
10111 AD23 6-bit DAC output
11000 AD24 Reserved
11001 AD25 Reserved
11010 AD26 Temperature Sensor
11011 AD27 VREF_OUT
11100 AD28 Reserved
11101 AD29 VREFH

Table continues on the next page...
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ADC Channel (ADCH) Channel Input
11110 AD30 VREFL
11111 AD31 Module disabled

3.8.1.5 ADC Reference, Triggers, and Alternate Clock
ADC Reference

Select the reference on the ADC using the ADC's SC2[REFSEL] field. The available
options are:

 VREFH/VREFL - connected as the primary reference option

* 1.2 V VREF_OUT - connected as the Vo1 1 reference option

ADC Triggers

In addition to the PDB, the LPTMRO module is connected to the ADC as a trigger source.
LPTMRO can trigger the ADC in low power modes where the PDB does not work.
Triggering by the LPTMRO module allows the ADC to perform conversion in a low
power mode and store the output in the result register. When the data is ready in the result
register, the ADC generates an interrupt that will wake the system from low power mode.

Select the trigger source for the ADC using the SIM's SOPT7[ADTRGS] bit.

* PDB trigger (run mode)
* LPTMRO overflow (can work in stop mode)

Alternate Clock
The ADC's alternate clock is connected to OSC2ERCLK.

3.8.1.6 Clock Gating

The clock to the ADC module can be gated on and off using the SIM's SCGCx[ADC] bit.
This bit is cleared after any reset, which disables the clock to the module to conserve
power. Before initializing the ADC, set the SCGCx[ADC] bit to enable the clock.

NOTE
The clock to the ADC cannot be gated during an active
conversion.
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During a low power mode of operation, where the external clock to the ADC is gated, the
ADC can also operate on an internally generated clock. In this case, after the conversion
1s complete, an asynchronous interrupt can wake the system, enabling the clocks
(including the clock to the ADC) so the conversion results can be read.

3.8.2 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.

Peripheral
bridge
Register
access
()]
£
x
o
Module signals s
Other peripherals CMP g
©
c
2
(73}

Figure 3-24. CMP configuration

Table 3-31. 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 Port mux control Signal multiplexing

3.8.2.1 CMP instantiation information

This chip has one high speed comparator module with an integrated 6-bit DAC and
analog mux. The CMP's 6-bit DAC sub-block supports selection of two voltage
references. For this chip, the references implemented are:
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* CMP V,,; is connected to VREF_OUT.
* CMP V,,, is connected to Vpp.

Table 3-32. CMP instantiation

CMPO feature Details
Number of 6-bit DACs 1

Analog mux size 8 input
Number of CMP OUT pins 1
External inputs on CMPO 4

The following table and list show the fixed internal connections to and output
connections of the CMP, respectively. For information about the specific pins to which
the input and output signals are assigned on a particular package, refer to the CMP
portion of the Module-by-module signals.

Table 3-33. CMP Input connections

CMP inputs CMP Pin name
CMP Inputi External input CMPO_INO
CMP Input2 External input CMPO_IN1
CMP Input3 External input CMPO_IN2
CMP Input4 External input CMPO_IN3
CMP Input5 12-bit DAC reference

CMP Input6 VREF output

CMP Input7 Reserved

CMP Input8 6-bit DAC reference

CMP output (CMPO) connections are:
e CMP output (CMP0O_OUT) pin
* FTMO channel O (set this connection using the SIM's SOPT7[ACFTM] bit)
* LPTMRO clock input and LPTMRI1 clock input (pulse count)
e FTMO fault input
* FTM1 fault input
e FTMO trigger
* FTM 1 trigger
e UART1 Rx input

3.8.2.2 External window/sample input

The analog comparator's external window/sample input is connected to the PDB channel
2's pulse-out.
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3.8.3 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 3-25. 12-bit DAC configuration

Table 3-34. 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 Port mux control Signal multiplexing

3.8.3.1 12-bit DAC Overview
The chip includes one 12-bit DAC with a 16 x 12 FIFO for DMA support.

3.8.3.2 12-bit DAC Instantiation

The output of this DAC can be placed on an external pin or set as one of the inputs to the
CMP or ADC.
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3.8.3.3 12-bit DAC Reference

For this chip, VREF_OUT and VDDA are available as the DAC reference. VREF_OUT
is connected to the DACREF _1 input and VDDA is connected to the DACREF_2 input.
Use the DACx_CO[DACREFS] control bit to select between these two options. Be aware
that if the DAC and ADC use the VREF_OUT reference simultaneously, some

degradation of ADC accuracy is to be expected due to DAC switching.

3.8.3.4 DAC DMA request

The DAC can generate a DMA request. The DAC generates requests in order to be
updated at the maximum speed. As soon as the DAC is ready to receive new data, it
generates a DMA request, triggering the next DAC data update.

3.8.4 Voltage Reference (VREF) 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. VREF configuration

Table 3-35. Reference links to related information

Topic Related module Reference
Full description VREF VREF
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

MCF51JU128 Reference Manual, Rev. 3, 08/2012

Freescale Semiconductor, Inc. 109




1iners

3.8.4.1 VREF Overview

The chip includes a voltage reference (VREF) intended to supply an accurate voltage
output that can be trimmed using the module's TRM[TRIM] field.

The VREEF can provide a reference voltage to external peripherals or a reference to
analog peripherals, such as the ADC or CMP.

The VREF is not available on the 32-pin package.

3.9 Timers

3.9.1 Programmable Delay Block (PDB) Configuration

This section summarizes how the module 