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Chapter 1
Overview

This chapter provides an overview of the major features and functional components of the MCF52235
family of microcontrollers. The MCF52235 family is a highly integrated implementation of the ColdFire®
family of reduced instruction set computing (RISC) microcontrollers that also includes the MCF52230,
MCF52231, MCF52232, MC52233, MC52234, and MCF52236. The differences between these parts are
summarized in Table 1-1. This document is written from the perspective of the MCF52235.

The MCF52235 represents a family of highly-integrated 32-bit microcontrollers based on the V2 ColdFire
microarchitecture. Featuring up to 32 Kbytes of internal SRAM and 256 Kbytes of flash memory, four
32-bit timers with DMA request capability, a 4-channel DMA controller, fast Ethernet controller, a CAN
module, an 1°C™ module, 3 UARTSs and a queued SPI, the MC52235 family has been designed for
general-purpose industrial control applications.

This 32-bit device is based on the Version 2 (\V2) ColdFire reduced instruction set computing (RISC) core
with an enhanced multiply-accumulate unit (EMAC) and divider providing 56 Dhrystone 2.1 MIPS at a
frequency of up to 60 MHz from internal flash. On-chip modules include the following:

* V2 ColdFire core with enhanced multiply-accumulate unit (EMAC)

» Cryptographic Acceleration Unit (CAU)

* Up to 32 Kbytes of internal SRAM

* Up to 256 Kbytes of on-chip flash memory

» Fast Ethernet Controller (FEC) with on-chip transceiver (ePHY)

» Three universal asynchronous receiver/transmitters (UARTS)

» Controller area network 2.0B (FlexCAN) module

* Inter-integrated circuit (1°C) bus controller

» 10- or 12-bit analog-to-digital converter (ADC)

* Queued serial peripheral interface (QSPI) module

* Four-channel, 32-bit direct memory access (DMA) controller

» Four-channel, 32-bit input capture/output compare timers with optional DMA support

» Two 16-bit periodic interrupt timers (PITs)

» Programmable software watchdog timer

» Two interrupt controllers, each capable of handling up to 63 interrupt sources (126 total)
These devices are ideal for cost-sensitive applications requiring significant control processing for
connectivity, data buffering, and user interface, as well as signal processing in a variety of key markets

such as security, imaging, networking, gaming, and medical. This leading package of integration and high
performance allows fast time to market through easy code reuse and extensive third party tool support.
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Overview

To locate any published errata or updates for this document, refer to the ColdFire products website at

http://www.freescale.com/coldfire.

1.1  MCF52235 Family Configurations

Table 1-1. MCF52235 Family Configurations

Module

52230

52231

52232

52233

52234

52235

52236

Version 2 ColdFire Core with EMAC
(Enhanced Multiply-Accumulate Unit)

System Clock (MHz)

60

60

50

60

60

60

50

Performance (Dhrystone 2.1 MIPS)

56

56

46

56

56

56

46

Flash / Static RAM (SRAM)

128/32
Kbytes

128/32
Kbytes

128/32
Kbytes

256/32
Kbytes

256/32
Kbytes

256/32
Kbytes

256/32
Kbytes

Interrupt Controllers (INTCO/INTC1)

Fast Analog-to-Digital Converter (ADC)

Random Number Generator and Crypto
Acceleration Unit (CAU)

FlexCAN 2.0B Module

Fast Ethernet Controller (FEC) with on-chip
interface (EPHY)

Four-channel Direct-Memory Access (DMA)

Software Watchdog Timer (WDT)

Programmable Interrupt Timer

Four-Channel General Purpose Timer

32-bit DMA Timers

QSPI

UART(s)

12C

Eight/Four-channel 8/16-bit PWM Timer

General Purpose I/O Module (GPIO)

Chip Configuration and Reset Controller
Module

Background Debug Mode (BDM)

JTAG - IEEE 1149.1 Test Access Port!

Package

80 LQFP
112 LQFP

80 LQFP
112 LQFP

80 LQFP

80 LQFP
112 LQFP

112 LQFP
121
MAPBGA

112 LQFP
121
MAPBGA

80 LQFP

1 The full debug/trace interface is available only on the 112- and 121-pin packages. A reduced debug interface is bonded on the

80-pin package.
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Overview

1.2 Block Diagram

The superset device in the MCF52235 family comes in a 112-leaded quad flat package (LQFP) and a 121
pin MAPBGA. Figure 1-1 shows a top-level block diagram of the MCF52235.

EPHY TX EzPD—> EsPort <— EzPCK
_ zPor -
e
EPHY_RX EzPQ—> ¢ EzPCS GPTn
¢ QSPI_DIN,
. Interrupt Interrupt QSPI_DOUT
>
EPHY Arbiter Controller 1 Controller 2 QSPI_CLK,
<> —
3 A A A A QSPI_CSn
Y Y y 2 |«> SDA
Fast § <> SCL
Ethernet |_ =
Controller - ¢ ¢ ¢ ¢ ¢ c (<> UTXDn
(FEC) UART| |UART| |UART| | & l<> URxDn
RT||UARTI JUART) | o | | sl 1 [ URXDn
B 9( <> URTSn
ACHDMA | _ || || || || || @ |<>UCTsn
<>
DTIM| [DTIM| |DTIM| |DTIM| | g7 DTIND/DTOUTN
To/From PADI 0 1 2 3 <> CANRX
¢ ¢ ¢ T ¢ T <> CANTX
> <>
JTAG_EN 7/ MUX PWMn
A A

— V2 ColdFire CPU

Y

Y
TTAG IFP | OEP | CAU | EMAC PMM
TAP ﬁ .
\ Y
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AN[7:0]<>| ADC |<> SRAM Flasf PORTS | | oy [ RSTN
GPIO) ——
(4Kx16)x4 @2Kx16)xa | | ¢ > RSTOUT

roA 5

Y

A

Y

Edge PLL
Port 1 CLKGEN FlexCAN PIT1 PWM
Y
T Y ,
ge
Pot2 | EXTAL XTAL CLKOUT RNGA PITO GPT

To/From Interrupt Controller

Figure 1-1. MCF52235 Block Diagram

1.3  Part Numbers and Packaging

Table 1-2 summarizes the features of the MCF52235 product family. Several speed/package options are
available to match cost- or performance-sensitive applications.
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Table 1-2. Orderable Part Number Summary

Freescale Part Description Speed | Flash/SRAM Package Temri range
Number (MHz) (Kbytes) (°C)
MCF52230CAF60 MCF52230 Microcontroller 60 128 /32 80 LQFP -40 to +85
MCF52230CAL60 MCF52230 Microcontroller 60 128/32 112 LQFP -40 to +85
MCF52231CAF60 MCF52231 Microcontroller, FlexCAN 60 128/ 32 80 LQFP -40 to +85
MCF52231CAL60 MCF52231 Microcontroller, FlexCAN 60 128/ 32 112 LQFP -40 to +85
MCF52232CAF50 MCF52232 Microcontroller 50 128/ 32 80 LQFP -40 to +85
MCF52232AF50 MCF52232 Microcontroller 50 128/ 32 80 LQFP Oto+70
MCF52233CAF60 MCF52233 Microcontroller 60 256/ 32 80 LQFP -40 to +85
MCF52233CAL60 MCF52233 Microcontroller 60 256 /32 112 LQFP -40 to +85
MCF52233CAL60A MCF52233 Microcontroller 60 256 /32 112 LQFP -40 to +85
MCF52233CVM60 MCF52233 Microcontroller 60 256 /32 121 MAPBGA | -40to +85
MCF52234CAL60 MCF52234 Microcontroller, FlexCAN 60 256 /32 112 LQFP -40 to +85
MCF52234CVM60 MCF52234 Microcontroller, FlexCAN 60 256/ 32 121 MAPBGA | -40to +85
MCF52235CAL60 |MCF52235 Microcontroller, FlexCAN, CAU, RNGA 60 256 /32 112 LQFP -40 to +85
MCF52235CAL60A |MCF52235 Microcontroller, FlexCAN, CAU, RNGA 60 256/ 32 112 LQFP -40 to +85
MCF52235CVM60 |[MCF52235 Microcontroller, FlexCAN, CAU, RNGA| 60 256 /32 121 MAPBGA | -40to +85
MCF52236CAF50 MCF52236 Microcontroller 50 256/ 32 80 LQFP -40 to +85
MCF52236AF50 MCF52236 Microcontroller 50 256/ 32 80 LQFP 0to +70
MCF52236AF50A MCF52236 Microcontroller 50 256 /32 80 LQFP 0to +70
1.4 Features

The MCF52235 family includes the following features:
e Version 2 ColdFire variable-length RISC processor core
Static operation
32-bit address and data paths on-chip
Up to 60 MHz processor core frequency
Sixteen general-purpose, 32-bit data and address registers

Implements ColdFire ISA_A with extensions to support the user stack pointer register and four
new instructions for improved bit processing (ISA_A+)

Enhanced Multiply-Accumulate (EMAC) unit with 32-bit accumulator to support
16 x 16 — 32 or 32 x 32 — 32 operations

Cryptography Acceleration Unit (CAU)

— Tightly-coupled coprocessor to accelerate software-based encryption and message digest
functions

— FIPS-140 compliant random number generator
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— Support for DES, 3DES, AES, MD5, and SHA-1 algorithms
— lllegal instruction decode that allows for 68K emulation support
» System debug support
— Real time trace for determining dynamic execution path
— Background debug mode (BDM) for in-circuit debugging (DEBUG_B+)

— Real time debug support, with six hardware breakpoints (4 PC, 1 address and 1 data) that can
be configured into a 1- or 2-level trigger

*  On-chip memories

— Up to 32 Kbytes of dual-ported SRAM on CPU internal bus, supporting core and DMA access
with standby power supply support

— Up to 256 Kbytes of interleaved Flash memory supporting 2-1-1-1 accesses
* Power management
— Fully static operation with processor sleep and whole chip stop modes
— Rapid response to interrupts from the low-power sleep mode (wake-up feature)
— Clock enable/disable for each peripheral when not used
» Fast Ethernet Controller (FEC)
— 10/100 BaseT/TX capability, half duplex or full duplex
— On-chip transmit and receive FIFOs
— Built-in dedicated DMA controller
— Memory-based flexible descriptor rings
*  On-chip Ethernet Transceiver (EPHY)
— Digital adaptive equalization
— Supports auto-negotiation
— Baseline wander correction
— Full-/Half-duplex support in all modes
— Loopback modes
— Supports MDIO preamble suppression
— Jumbo packet
* FlexCAN 2.0B module
— Based on and includes all existing features of the Freescale To0uCAN module
— Full implementation of the CAN protocol specification version 2.0B
Standard Data and Remote Frames (up to 109 bits long)
Extended Data and Remote Frames (up to 127 bits long)
0-8 bytes data length
Programmable bit rate up to 1 Mbit/sec

— Flexible Message Buffers (MBs), totalling up to 16 message buffers of 0-8 byte data length
each, configurable as Rx or T, all supporting standard and extended messages
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Unused Message Buffer space can be used as general purpose RAM space
Listen only mode capability

Content-related addressing

No read/write semaphores required

Three programmable mask registers: global for MBs 0-13, special for MB14, and special for
MB15

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

Global network time, synchronized by a specific message

Maskable interrupts

Three universal asynchronous/synchronous receiver transmitters (UARTS)

16-bit divider for clock generation

Interrupt control logic with maskable interrupts

DMA support

Data formats can be 5, 6, 7 or 8 bits with even, odd or no parity

Up to 2 stop bits in 1/16 increments

Error-detection capabilities

Modem support includes request-to-send (RTS) and clear-to-send (CTS) lines for two UARTS
Transmit and receive FIFO buffers

12C module

Interchip bus interface for EEPROMSs, LCD controllers, A/D converters, and keypads
Fully compatible with industry-standard 12C bus

Master and slave modes support multiple masters

Automatic interrupt generation with programmable level

Queued serial peripheral interface (QSPI)

Full-duplex, three-wire synchronous transfers

Up to four chip selects available

Master mode operation only

Programmable bit rates up to half the CPU clock frequency
Up to 16 pre-programmed transfers

Fast analog-to-digital converter (ADC)

Eight analog input channels

12-bit resolution

Minimum 1.125 us conversion time

Simultaneous sampling of two channels for motor control applications
Single-scan or continuous operation

Optional interrupts on conversion complete, zero crossing (sign change), or under/over
low/high limit
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— Unused analog channels can be used as digital 1/0

Four 32-bit DMA timers

— 17-ns resolution at 60 MHz

— Programmable sources for clock input, including an external clock option
— Programmable prescaler

— Input capture capability with programmable trigger edge on input pin

— Output compare with programmable mode for the output pin

— Free run and restart modes

— Maskable interrupts on input capture or output compare

— DMA trigger capability on input capture or output compare

Four-channel general purpose timers

— 16-bit architecture

— Programmable prescaler

— Output pulse widths variable from microseconds to seconds

— Single 16-bit input pulse accumulator

— Toggle-on-overflow feature for pulse-width modulator (PWM) generation
— One dual-mode pulse accumulation channel

Pulse-width modulation timer

— Operates as eight channels with 8-bit resolution or four channels with 16-bit resolution
— Programmable period and duty cycle

— Programmable enable/disable for each channel

— Software selectable polarity for each channel

— Period and duty cycle are double buffered. Change takes effect when the end of the current
period is reached (PWM counter reaches zero) or when the channel is disabled.

— Programmable center or left aligned outputs on individual channels
— Four clock sources (A, B, SA, and SB) provide for a wide range of frequencies
— Emergency shutdown

Real-Time Clock (RTC)

— Maintains system time-of-day clock

— Provides stopwatch and alarm interrupt functions

Two periodic interrupt timers (PITs)

— 16-bit counter

— Selectable as free running or count down

Software watchdog timer

— 32-bit counter

— Low power mode support

Clock Generation Features
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— Up to 48 MHz crystal input
— On-chip PLL can generate core frequencies up to maximum 60 MHz operating frequency
— Provides clock for integrated EPHY

Dual Interrupt Controllers (INTCO/INTC1)

Support for multiple interrupt sources organized as follows:

— Fully-programmable interrupt sources for each peripheral

7 fixed-level interrupt sources
Seven external interrupt signals

Unique vector number for each interrupt source
Ability to mask any individual interrupt source or all interrupt sources (global mask-all)
Support for hardware and software interrupt acknowledge (IACK) cycles

Combinatorial path to provide wake-up from low power modes

DMA controller
Four fully programmable channels

Dual-address transfer support with 8-, 16-, and 32-bit data capability, along with support for
16-byte (4 x 32-bit) burst transfers

Source/destination address pointers that can increment or remain constant
24-bit byte transfer counter per channel

Reset

Auto-alignment transfers supported for efficient block movement

Bursting and cycle steal support
Software-programmable DMA requesters for the UARTSs (3) and 32-bit timers (4)

Separate reset in and reset out signals
Seven sources of reset:

Power-on reset (POR)
External

Software

Watchdog

Loss of clock

Loss of lock

Low-voltage detection (LVD)

— Status flag indication of source of last reset

Chip integration module (CIM)

System configuration during reset

Selects one of three clock modes

Configures output pad drive strength

Unique part identification number and part revision number
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» General purpose 1/O interface
— Up to 56 bits of general purpose 1/0
— Bit manipulation supported via set/clear functions
— Programmable drive strengths
— Unused peripheral pins may be used as extra GPIO
» JTAG support for system level board testing

1.4.1 V2 Core Overview

The version 2 ColdFire processor core is comprised of two separate pipelines decoupled by an instruction
buffer. The two-stage instruction fetch pipeline (IFP) is responsible for instruction-address generation and
instruction fetch. The instruction buffer is a first-in-first-out (FIFO) buffer that holds prefetched
instructions awaiting execution in the operand execution pipeline (OEP). The OEP includes two pipeline
stages. The first stage decodes instructions and selects operands (DSOC); the second stage (AGEX)
performs instruction execution and calculates operand effective addresses, if needed.

The V2 core implements the ColdFire instruction set architecture revision A+ with added support for a
separate user stack pointer register and four new instructions to assist in bit processing. Additionally, the
MCF52235 core includes the enhanced multiply-accumulate (EMAC) unit for improved signal processing
capabilities. The EMAC implements a three-stage arithmetic pipeline, optimized for 16x16 bit operations,
with support for one 32-bit accumulator. Supported operands include 16- and 32-bit signed and unsigned
integers, signed fractional operands, and a complete set of instructions to process these data types. The
EMAC provides support for execution of DSP operations within the context of a single processor at a
minimal hardware cost.

1.4.2 Integrated Debug Module

The ColdFire processor core debug interface is provided to support system debugging in conjunction with
low-cost debug and emulator development tools. Through a standard debug interface, access debug
information and real-time tracing capability is provided on 112-and 121-lead packages. This allows the
processor and system to be debugged at full speed without the need for costly in-circuit emulators.

The on-chip breakpoint resources include a total of nine programmable 32-bit registers: an address and an
address mask register, a data and a data mask register, four PC registers, and one PC mask register. These
registers can be accessed through the dedicated debug serial communication channel or from the
processor’s supervisor mode programming model. The breakpoint registers can be configured to generate
triggers by combining the address, data, and PC conditions in a variety of single- or dual-level definitions.
The trigger event can be programmed to generate a processor halt or initiate a debug interrupt exception.
The MCF52235 implements revision B+ of the ColdFire Debug Architecture.

The MCF52235’s interrupt servicing options during emulator mode allow real-time critical interrupt
service routines to be serviced while processing a debug interrupt event, thereby ensuring that the system
continues to operate even during debugging.

To support program trace, the V2 debug module provides processor status (PST[3:0]) and debug data
(DDATA[3:0]) ports. These buses and the PSTCLK output provide execution status, captured operand
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data, and branch target addresses defining processor activity at the CPU’s clock rate. The MCF52235
includes a new debug signal, ALLPST. This signal is the logical AND of the processor status (PST[3:0])
signals and is useful for detecting when the processor is in a halted state (PST[3:0] = 1111).

The full debug/trace interface is available only on the 112 and 121-pin packages. However, every product
features the dedicated debug serial communication channel (DSI, DSO, DSCLK) and the ALLPST signal.

1.4.3 JTAG

The MCF52235 supports circuit board test strategies based on the Test Technology Committee of IEEE
and the Joint Test Action Group (JTAG). The test logic includes a test access port (TAP) consisting of a
16-state controller, an instruction register, and three test registers (a 1-bit bypass register, a 256-bit
boundary-scan register, and a 32-bit ID register). The boundary scan register links the device’s pins into
one shift register. Test logic, implemented using static logic design, is independent of the device system
logic.

The MCF52235 implementation can do the following:

» Perform boundary-scan operations to test circuit board electrical continuity

» Sample MCF52235 system pins during operation and transparently shift out the result in the
boundary scan register

» Bypass the MCF52235 for a given circuit board test by effectively reducing the boundary-scan
register to a single bit

» Disable the output drive to pins during circuit-board testing
» Drive output pins to stable levels

1.4.4 On-Chip Memories

1441 SRAM

The dual-ported SRAM module provides a general-purpose 16- or 32-Kbyte memory block that the
ColdFire core can access in a single cycle. The location of the memory block can be set to any 16- or
32-Kbyte boundary within the 4-Gbyte address space. This memory is ideal for storing critical code or data
structures and for use as the system stack. Because the SRAM module is physically connected to the
processor's high-speed local bus, it can quickly service core-initiated accesses or memory-referencing
commands from the debug module.

The SRAM module is also accessible by the DMA. The dual-ported nature of the SRAM makes it ideal
for implementing applications with double-buffer schemes, where the processor and a DMA device
operate in alternate regions of the SRAM to maximize system performance.

1.4.4.2 Flash

The ColdFire flash module (CFM) is a non-volatile memory (NVM) module that connects to the
processor’s high-speed local bus. The CFM is constructed with four banks of 32 Kx16-bit flash arrays to
generate 256 Kbytes of 32-bit flash memory. These arrays serve as electrically erasable and
programmable, non-volatile program and data memory. The flash memory is ideal for program and data
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storage for single-chip applications, allowing for field reprogramming without requiring an external high
voltage source. The CFM interfaces to the ColdFire core through an optimized read-only memory
controller which supports interleaved accesses from the 2-cycle flash arrays. A backdoor mapping of the
flash memory is used for all program, erase, and verify operations, as well as providing a read datapath for
the DMA. Flash memory may also be programmed via the EzPort, which is a serial flash programming
interface that allows the flash to be read, erased and programmed by an external controller in a format
compatible with most SPI bus flash memory chips. This allows easy device programming via Automated
Test Equipment or bulk programming tools.

145 Cryptography Acceleration Unit

The MCF52235 device incorporates two hardware accelerators for cryptographic functions. First, the
CAU is a coprocessor tightly-coupled to the V2 ColdFire core that implements a set of specialized
operations to increase the throughput of software-based encryption and message digest functions,
specifically the DES, 3DES, AES, MD5 and SHA-1 algorithms. Second, a random number generator
provides FIPS-140 compliant 32-bit values to security processing routines. Both modules supply critical
acceleration to software-based cryptographic algorithms at a minimal hardware cost.

1.4.6 Power Management

The MCF52235 incorporates several low-power modes of operation which are entered under program
control and exited by several external trigger events. An integrated power-on reset (POR) circuit monitors
the input supply and forces an MCU reset as the supply voltage rises. The low voltage detector (LVD)
monitors the supply voltage and is configurable to force a reset or interrupt condition if it falls below the
LVD trip point.

1.4.7 FlexCAN

The FlexCAN module is a communication controller implementing version 2.0 of the CAN protocol parts
A and B. The CAN protocol can be used as an industrial control serial data bus, meeting the specific
requirements of reliable operation in a harsh EMI environment with high bandwidth. This instantiation of
FlexCAN has 16 message buffers.

1.4.8 UARTSs

The MCF52235 has three full-duplex UARTs that function independently. The three UARTSs can be
clocked by the system bus clock, eliminating the need for an external clock source. On smaller packages,
the third UART is multiplexed with other digital 1/O functions.

149 1°CBus

The I2C bus is a two-wire, bidirectional serial bus that provides a simple, efficient method of data exchange
and minimizes the interconnection between devices. This bus is suitable for applications requiring
occasional communications over a short distance between many devices on a circuit board.
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1410 QSPI

The queued serial peripheral interface (QSPI) provides a synchronous serial peripheral interface with
queued transfer capability. It allows up to 16 transfers to be queued at once, minimizing the need for CPU
intervention between transfers.

1.4.11 Fast ADC

The Fast ADC consists of an eight-channel input select multiplexer and two independent sample and hold
(S/H) circuits feeding separate 10- or 12-bit ADCs. The two separate converters store their results in
accessible buffers for further processing.

The ADC can be configured to perform a single scan and halt, perform a scan whenever triggered, or
perform a programmed scan sequence repeatedly until manually stopped.

The ADC can be configured for sequential or simultaneous conversion. When configured for sequential
conversions, up to eight channels can be sampled and stored in any order specified by the channel list
register. Both ADCs may be required during a scan, depending on the inputs to be sampled.

During a simultaneous conversion, both S/H circuits are used to capture two different channels at the same
time. This configuration requires that a single channel may not be sampled by both S/H circuits
simultaneously.

Optional interrupts can be generated at the end of the scan sequence if a channel is out of range (measures
below the low threshold limit or above the high threshold limit set in the limit registers) or at several
different zero crossing conditions.

1.4.12 DMA Timers (DTIMO-DTIM3)

There are four independent, DMA transfer capable 32-bit timers (DTIMO, DTIM1, DTIM2, and DTIM3)
on the each device. Each module incorporates a 32-bit timer with a separate register set for configuration
and control. The timers can be configured to operate from the system clock or from an external clock
source using one of the DTINX signals. If the system clock is selected, it can be divided by 16 or 1. The
input clock is further divided by a user-programmable 8-bit prescaler which clocks the actual timer counter
register (TCRn). Each of these timers can be configured for input capture or reference (output) compare
mode. Timer events may optionally cause interrupt requests or DMA transfers.

1.4.13 General Purpose Timer (GPT)

The general purpose timer (GPT) is a 4-channel timer module consisting of a 16-bit programmable counter
driven by a 7-stage programmable prescaler. Each of the four channels can be configured for input capture
or output compare. Additionally, one of the channels, channel 3, can be configured as a pulse accumulator.

A timer overflow function allows software to extend the timing capability of the system beyond the 16-bit
range of the counter. The input capture and output compare functions allow simultaneous input waveform
measurements and output waveform generation. The input capture function can capture the time of a

selected transition edge. The output compare function can generate output waveforms and timer software
delays. The 16-bit pulse accumulator can operate as a simple event counter or a gated time accumulator.
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1.4.14 Periodic Interrupt Timers (PITO and PIT1)

The two periodic interrupt timers (PITO and PIT1) are 16-bit timers that provide interrupts at regular
intervals with minimal processor intervention. Each timer can count down from the value written in its PIT
modulus register or can be a free-running down-counter.

1.4.15 Pulse Width Modulation (PWM) Timers

The MCF52235 has an 8-channel, 8-bit PWM timer. Each channel has a programmable period and duty
cycle as well as a dedicated counter. Each of the modulators can create independent continuous waveforms
with software-selectable duty rates from 0 to 100%. The PWM outputs have programmable polarity and
can be programmed as left-aligned outputs or center-aligned outputs. For higher period and duty cycle
resolution, each pair of adjacent channels ([7:6], [5:4], [3:2], and [1:0]) can be concatenated to form a
single 16-bit channel. The module can, therefore, be configured to support 8/0, 6/1, 4/2, 2/3, or 0/4
8-/16-bit channels.

1.4.16 Software Watchdog Timer

The watchdog timer is a 32-bit timer that facilitates recovery from runaway code. The watchdog counter
is a free-running down-counter that generates a reset on underflow. To prevent a reset, software must
periodically restart the countdown.

1.4.17 Phase Locked Loop (PLL)

The clock module contains a crystal oscillator, 8 MHz on-chip relaxation oscillator (OCQO), phase-locked
loop (PLL), reduced frequency divider (RFD), low-power divider status/control registers, and control
logic. To improve noise immunity, the PLL, crystal oscillator, and relaxation oscillator have their own
power supply inputs: VDDPLL and VSSPLL. All other circuits are powered by the normal supply pins,
VDD and VSS.

1.4.18 Interrupt Controller (INTCO/INTC1)

There are two interrupt controllers on the MCF52235. These interrupt controllers are organized as seven
levels with up to nine interrupt sources per level. Each interrupt source has a unique interrupt vector, and
provide each peripheral with all necessary interrupts. Each internal interrupt has a programmable level
[1-7] and priority within the level. The seven external interrupts have fixed levels/priorities.

1.4.19 DMA Controller

The direct memory access (DMA) controller provides an efficient way to move blocks of data with
minimal processor intervention. It has four channels that allow byte, word, longword, or 16-byte burst line
transfers. These transfers are triggered by software explicitly setting a DCRnN[START] bit or by the
occurrence of certain UART or DMA timer events.
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1.4.20

Reset

The reset controller determines the source of reset, asserts the appropriate reset signals to the system, and
keeps track of what caused the last reset. There are seven sources of reset:

External reset input

Power-on reset (POR)

Watchdog timer

Phase locked-loop (PLL) loss of lock

PLL loss of clock
Software

Low-voltage detector (LVD)

Control of the LVD and its associated reset and interrupt are managed by the reset controller. Other
registers provide status flags indicating the last source of reset and a control bit for software assertion of
the RSTO pin.

1.4.21

GPIO

Nearly all pins on the MCF52235 have general purpose 1/0 capability in addition to their primary
functions and are grouped into 8-bit ports. Some ports do not utilize all 8 bits. Each port has registers that
configure, monitor, and control the port pins.

1.4.22
1.5 Memory Map Overview
Table 1-3. System Memory Map
Base Address (Hex) Size Use

0x0000_0000 1G On-Chip Flash/RAM Array2

0x4000_0000 64 bytes System Control Module

0x4000_0040 64 bytes Reserved

0x4000_0080 128 bytes Reserved

0x4000_0100 16 bytes DMA (Channel 0)

0x4000_0110 16 bytes DMA (Channel 1)

0x4000_0120 16 bytes DMA (Channel 2)

0x4000_0130 16 bytes DMA (Channel 3)

0x4000_0140 196 bytes Reserved

0x4000_0200 64 bytes UARTO

0x4000_0240 64 bytes UART1

0x4000_0280 64 bytes UART2
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Table 1-3. System Memory Map (continued)

Base Address (Hex) Size Use

0x4000_02c0 64 bytes Reserved

0x4000_0300 64 bytes 12C

0x4000_0340 64 bytes QSPI

0x4000_0380 64 bytes Reserved

0x4000_03CO0 64 bytes RTC

0x4000_0400 64 bytes TMRO

0x4000_0440 64 bytes TMR1

0x4000_0480 64 bytes TMR2

0x4000_04c0 64 bytes TMR3

0x4000_0500 1792 bytes Reserved

0x4000_0c00 256 bytes Interrupt Cntl O

0x4000_0d00 256 bytes Interrupt Cntl 1

0x4000_0e00 256 bytes Reserved

0x4000_0f00 256 bytes Global Interrupt Ack Cycles

0x4000_1000 1K Fast Ethernet Controller - Registers and
MIB RAM

0x4000_1400 1K Fast Ethernet Controller - FIFO Memory

0x4000_1800 1M - 6K Reserved

0x4010_0000 64K Ports

0x4011_0000 64K CIM_IBO

0x4012_0000 64K Clocks (PLLMRBI)

0x4013_0000 64K Edge Port 0

0x4014_0000 64K Edge Port 1

0x4015_0000 64K Programmable Interval Timer O

0x4016_0000 64K Programmable Interval Timer 1

0x4017_0000 64K Reserved

0x4018_0000 64K Reserved

0x4019_0000 64K ADC

0x401a_0000 64K Timer

0x401b_0000 64K PWM

0x401c_0000 64K FlexCAN2

0x401d_0000 64K CFM (Flash) control registers

0x401e_0000 64K Ethernet Physical Transceiver
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QOverview

Table 1-3. System Memory Map (continued)

Base Address (Hex)

Size

Use

0x401f_0000 64K Random Number Generator H/W
Accelerator

0x4020_0000 62M Reserved

0x4400_0000 256K CFM (Flash) memory for IPS reads and
writes

0x4408_0000 1G - 64M — 256K Reserved

0x8000_0000 2G Reserved
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Chapter 2
Signal Descriptions

2.1 Introduction

This chapter describes signals implemented on this device and includes an alphabetical listing of signals
that characterizes each signal as an input or output, defines its state at reset, and identifies whether a
pull-up resistor should be used.

NOTE

The terms “assertion’ and ‘negation’ are used to avoid confusion when
dealing with a mixture of active-low and active-high signals. The term
‘asserted’ indicates that a signal is active, independent of the voltage level.
The term “negated’ indicates that a signal is inactive.

Active-low signals, such as SRAS and TA, are indicated with an overbar.

2.2 Overview

Figure 2-1 shows the block diagram of the device with the signal interface.
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Signal Descriptions
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Figure 2-1. Block Diagram with Signal Interfaces

Table 2-1 shows the pin functions by primary and alternate purpose, and illustrates which packages contain
each pin.
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Table 2-1. Pin Functions by Primary and Alternate Purpose

Pin Group Prima_1ry Secon(_jary Tertia_lry Quater_nary Sterer:lvgﬁh/ Wired OR Pull-up/ , Pin on 121 Pinon 112 | Pin on 80
Function Function Function Function Controlt Control | Pull-down MAPBGA LQFP LQFP
ADC® AN7 — — PAN[7] Low — — A10 88 64
AN6 — — PANI6] Low — — B10 87 63
ANS5 — — PAN[5] Low — — All 86 62
AN4 — — PAN[4] Low — — B11 85 61
AN3 — — PANI3] Low — — C9 89 65
AN2 — — PANI[2] Low — — B9 90 66
AN1 — — PAN[1] Low — — A9 91 67
ANO — — PANJO] Low — — C8 92 68
SYNCA CANTX* | FEC_MDIO | PAS[3] |PDSR[39] — — K1 28 20
SYNCB CANRX* | FEC_MDC PAS[2] | PDSR[39] — — Ji 27 19
VDDA — — — N/A N/A — A8 93 69
VSSA — — — N/A N/A — A7 96 72
VRH — — — N/A N/A — B8 94 70
VRL — — — N/A N/A — B7 95 71
Clock EXTAL — — — N/A N/A — L7 48 36
Generation XTAL — — — N/A N/A — J7 49 37
VDDPLL® — — — N/A N/A — K6 45 33
VSSPLL — — — N/A N/A — K7 47 35
Debug ALLPST — — — High — — D3 7 7
Data DDATA[3:0] — — PDD[7:4] High — — E1, F3,F2, F1 [12,13,16,17 —
PST[3:0] — — PDD[3:0] High — — D10, D9, 80,79,78,77 —
E10, E9
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Table 2-1. Pin Functions by Primary and Alternate Purpose (continued)

Pin Group Prima}ry Secondary Tertia}ry Quaterpary Stll?erri1vgeth/ Wired OR Pull-up/ , Pin on 121 Pinon 112 | Pin on 80

Function Function Function Function Controll Control | Pull-down MAPBGA LQFP LQFP
Ethernet ACTLED — — PLD[0] | PDSR[32]| PWOR[8] — c11 84 60
LEDs COLLED — — PLD[4] | PDSR[36] | PWORJ[12] — J9 58 42
DUPLED — — PLD[3] |PDSR[35] | PWOR[11] — J10 59 43
LNKLED — — PLD[1] |PDSR[33]| PWOR[9] — c10 83 59
SPDLED — — PLD[2] | PDSR[34] | PWOR[10] — D11 81 57
RXLED — — PLD[5] | PDSR[37] | PWORJ[13] — HO 52 —
TXLED — — PLD[6] |PDSR[38] | PWOR[14] — H8 51 —
VDDR — — — — — — D8 82 58
Ethernet PHY_RBIAS — — — — — Ji1 66 46
PHY PHY_RXN — — — — — El1l 74 54
PHY_RXP — — — — — F11 73 53
PHY_TXN — — — — — H11 71 51
PHY_TXP — — — — — G1l1 70 50
PHY_VDDA5 — — — N/A H10 68 48
PHY_VDDRX5 — — — N/A F10 75 55
PHY_VDDTX5 — — — N/A G10 69 49
PHY_VSSA — — — N/A G8 67 47
PHY_VSSRX — — — N/A F9 76 56
PHY_VSSTX — — — N/A G9 72 52
1’c SCL CANTX* UTXD2 PASIO] PDSR[0] — Pull-Up® A3 111 79
SDA CANRX* URXD2 PAS[1] PDSR[0] — Pull-Up® A2 112 80
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Table 2-1. Pin Functions by Primary and Alternate Purpose (continued)

Pin Group Prima}ry Secondary Tertia}ry Quaterpary Stlrjerri1vgeth/ Wired OR Pull-up/ , Pin on 121 Pinon 112 | Pin on 80
Function Function Function Function Controll Control | Pull-down MAPBGA LQFP LQFP
Interrupts® IRQ15 — — PGP[7] | PSDR[47] — Pull-up® A4 106 —
IRQ14 — — PGP[6] | PSDR[46] — Pull-Up® A5 105 —
IRQ13 — — PGP[5] | PSDR[45] — Pull-Up® A6 98 —
IRQ12 — — PGP[4] | PSDR[44] — Pull-Up® c7 97 —
Continued IRQ11 — — PGP[3] | PSDR[43] — Pull-up® K9 57 41
Interrupts” IRQ10 — — PGP[2] | PSDR[42] — Pull-Up® L1 29 —
IRQ9 — — PGP[1] |PSDR[41] — Pull-Up® E2 11 —
IRQ8 — — PGP[0] | PSDR[40] — Pull-Up E3 10 —
IRQ7 — — PNQ[7] Low — Pull-Up® L9 56 40
IRQ6 — FEC_RXER | PNQI6] Low — Pull-Up® G3 19 —
IRQ5 — FEC_RXD[1]| PNQI5] Low — Pull-Up® G2 20 —
IRQ4 — — PNQ[4] Low — Pull-Up® L5 41 29
IRQ3 — FEC_RXD[2]| PNQI3] Low — Pull-Up® L8 53 —
IRQ2 — FEC_RXD[3]| PNQ[2] Low — Pull-Up® K8 54 —
IRQ1 SYNCA PWM1 PNQ[1] High — Pull-Up® J8 55 39
JTAG/BDM JTAG_EN — — — N/A N/A Pull-Down G4 18 12
TCLK/ CLKOUT — — High — Pull-Up” Al 1 1
PSTCLK
TDI/DSI — — — N/A N/A PuII-Up7 C3 4 4
TDO/DSO — — — High N/A — Cc2 5 5
TMS/BKPT — — — N/A N/A Pull-Up” B1 2 2
TRST/DSCLK — — — N/A N/A Pull-Up C1l 6 6
Mode |RCON/EZPCS — — — N/A N/A Pull-Up B2 3 3
Selection
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Table 2-1. Pin Functions by Primary and Alternate Purpose (continued)

Pin Group Prima}ry Secondary Tertia}ry Quaterpary St?er;\;eth/ Wired OR Pull-up/ ) Pin on 121 Pinon 112 | Pin on 80
Function Function Function Function Controll Control | Pull-down MAPBGA LQFP LQFP
PWM PWM7 — — PTD[3] | PDSR[31] — — c5 104 —
PWM5 — — PTD[2] | PDSR[30] — — B5 103 —
PWM3 — — PTD[1] | PDSR[29] — — C6 100 —
PWM1 — — PTD[0] | PDSR[28] — — B6 99 —
QspPI® QSPI_DIN/ CANRX* URXD1 PQS[1] | PDSR[2] | PWOR[4] — H4 34 25
EZPD
QSPI_DOUT/ | CANTX* UTXD1 PQS[0] | PDSR[1] | PWORI[5] — J4 35 26
EZPQ
QSPI_CLK/ SCL URTS1 PQS[2] | PDSR[3] | PWOR[6] | Pull-Up® K4 36 27
EZPCK
QSPI_CS3 SYNCA SYNCB PQSI[6] PDSRJ[7] — — K5 40 —
QSPI_CS2 — FEC_TXCLK| PQS[5] | PDSR[6] — — J5 39 —
QSPI_CS1 — FEC_TXEN | PQS[4] | PDSR[5] — — H5 38 —
QSPI_CS0 SDA UCTS1 PQS[3] | PDSR[4] | PWOR[7] | Pull-Up® L4 37 28
Reset® RSTI — — — N/A N/A Pull-up® J6 44 32
RSTO — — — high — — L6 46 34
Test TEST — — — N/A N/A Pull-Down H7 50 38
Timers, GPT3 FEC_TXD[3]| PWM7 PTA[3] | PDSR[23] — Pull-up? B4 107 75
16-bit GPT2 FEC_TXD[2]| PWM5 PTA[2] | PDSR[22] — Pull-up? c4 108 76
GPT1 FEC_TXD[1]| PWM3 PTA[1] | PDSR[21] — Pull-up? D4 109 77
GPTO FEC_TXER PWM1 PTA[0] | PDSR[20] — Pull-up? B3 110 78
Timers, DTIN3 DTOUT3 PWM6 PTCI3] PDSR[19] — — H1 22 14
s2bit DTIN2 DTOUT2 PWM4 PTC[2] | PDSRI[18] — — G1 21 13
DTIN1 DTOUT1 PWM2 PTCI[1] PDSR[17] — — D1 9 9
DTINO DTOUTO PWMO PTC[0] | PDSRI[16] — — D2 8 8
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Table 2-1. Pin Functions by Primary and Alternate Purpose (continued)

Pin Group Prima}ry Secondary Tertia}ry Quaterpary Stlrjerri1vgeth/ Wired OR Pull-up/ , Pin on 121 Pinon 112 | Pin on 80
Function Function Function Function Controll Control | Pull-down MAPBGA LQFP LQFP
UART 08 UCTSO0 CANRX* |FEC_RXCLK| PUA[3] |PDSR[11] — — J2 26 18
URTSO CANTX* | FEC_RXDV | PUA[2] | PDSR[10] — — H2 25 17
URXDO — FEC_RXD[0]| PUA[1] | PDSR[9] | PWORI0] — K2 30 21
UTXDO — FEC_CRS PUA[0] | PDSR[8] | PWOR[1] — L2 31 22
UART 13 UCTS1 SYNCA URXD2 PUB[3] | PDSR[15] — — J3 24 16
URTS1 SYNCB UTXD2 PUB[2] | PDSR[14] — — H3 23 15
URXD1 — FEC_TXD[0] | PUB[1] |PDSR[13]| PWOR[2] — K3 32 23
UTXD1 — FEC_COL PUB[0] | PDSR[12] | PWOR[3] — L3 33 24
UART 2 UCTS2 — — PUC[3] | PDSR[27] — — L10 61 —
URTS2 — — PUC[2] | PDSR[26] — — K10 60 —
URXD2 — — PUC[1] |PDSR[25] — — K11 62 —
UTXD2 — — PUC[0] | PDSR[24] — — L11 63 —
FlexCAN SYNCA CANTX* FEC_MDIO PAS[3] PDSR[39] — — — 28 20
SYNCB CANRX* | FEC_MDC PAS[2] | PDSR[39] — — — 27 19
vDD%>1! VDD — — — N/A N/A — D7, E8 65,102 45,74
VDDX VDDX — — — N/A N/A — D5, D6, E6, G5, 14, 43 10, 31
G6, G7, H6
VSS VSS — — — N/A N/A — E4, E5, E7,F4, 64,101 44,73
F5, F6, F7, F8
VSSX VSSX — — — N/A N/A — — 15, 42 11, 30

1 The PDSR and PSSR registers are described in Chapter 14, “General Purpose 1/O Module. All programmable signals default to 2mA drive in normal
(single-chip) mode.

N o b~ WwN

All signals have a pull-up in GPIO mode.
The use of an external PHY limits ADC, interrupt, and QSPI functionality. It also disables the UARTO/1 and timer pins.
The multiplexed CANTX and CANRX signals do not have dedicated pins, but are available as muxed replacements for other signals.
The VDD1, VDD2, VDDPLL, and PHY_VDD pins are for decoupling only and should not have power directly applied to them.
For primary and GPIO functions only.
Only when JTAG mode is enabled.

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not
available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60

suonduasaq eubis



8-¢

1019NPUOIIWSS B[eISBdI

9 'A9Y ‘[enuUe 90UIBOY 19]|0JIU0I0IDIN paleIBalul @3414P|0D SEZZSHDN

8 For secondary and GPIO functions only.

9 RSTI has an internal pull-up resistor; however, the use of an external resistor is strongly recommended.

10 For GPIO function. Primary Function has pull-up control within the GPT module.

11 This list for power and ground does not include those dedicated power/ground pins included elsewhere, e.g. in the Ethernet PHY.
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2.3 Reset Signals

Table 2-2 describes signals that are used to reset the chip or as a reset indication.

Signal Descriptions

Table 2-2. Reset Signals

Signal Name Abbreviation Function I/O
Reset In RSTI Primary reset input to the device. Asserting RSTI immediately resets I
the CPU and peripherals.
Reset Out RSTO Driven low for 512 CPU clocks after the reset source has deasserted (@)
and PLL locked.
2.4  PLL and Clock Signals
Table 2-3 describes signals that are used to support the on-chip clock generation circuitry.
Table 2-3. PLL and Clock Signals
Signal Name Abbreviation Function I/10
External Clock In EXTAL Crystal oscillator or external clock input. I
Crystal XTAL Crystal oscillator output. 0
Clock Out CLKOUT |This output signal reflects the internal system clock. (0]
2.5 Mode Selection
Table 2-4 describes signals used in mode selection.
Table 2-4. Mode Selection Signals
Signal Name Abbreviation Function I/0
Reset Configuration RCON The serial flash programming mode is entered by asserting the
RCON pin (with the TEST pin negated) as the chip comes out of
reset. During this mode, the EzPort has access to the flash memory
which can be programmed from an external device.
Test TEST Reserved for factory testing only and in normal modes of operation |
should be connected to VSS to prevent unintentional activation of
test functions.
2.6  External Interrupt Signals
Table 2-5 describes the external interrupt signals.
Table 2-5. External Interrupt Signals
Signal Name Abbreviation Function I/0

External Interrupts

IRQ[15:1]

External interrupt sources.
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Signal Descriptions

2.7

Queued Serial Peripheral Interface (QSPI)
Table 2-6 describes the QSPI signals.

Table 2-6. Queued Serial Peripheral Interface (QSPI) Signals

Signal Name Abbreviation Function I/0
QSPI Synchronous QSPI_DOUT |Provides the serial data from the QSPI and can be programmed to be (0]
Serial Output driven on the rising or falling edge of QSPI_CLK.
QSPI Synchronous QSPI_DIN |Provides the serial data to the QSPI and can be programmed to be |
Serial Data Input sampled on the rising or falling edge of QSPI_CLK.
QSPI Serial Clock QSPI_CLK |Provides the serial clock from the QSPI. The polarity and phase of (@]
QSPI_CLK are programmable.
Synchronous Peripheral | QSPI_CS[3:0] | QSPI peripheral chip selects that can be programmed to be active (0]

Chip Selects

high or low.
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Signal Descriptions

2.8 Fast Ethernet Controller PHY Signals
Table 7 describes the Fast Ethernet Controller (FEC) Signals.

Table 7. Fast Ethernet Controller (FEC) Signals

Signal Name Abbreviation Function I/O

Twisted Pair Input + RXP Differential Ethernet twisted-pair input pin. This pin is high-impedance |
out of reset.

Twisted Pair Input - RXN Differential Ethernet twisted-pair input pin. This pin is high-impedance |
out of reset.

Twisted Pair Output + TXN Differential Ethernet twisted-pair output pin. This pin is @]
high-impedance out of reset.

Twisted Pair Output - TXP Differential Ethernet twisted-pair output pin. This pin is @)
high-impedance out of reset.

Bias Control Resistor RBIAS Connect a 12.4 kO (1.0%) external resistor, RBIAS, between the |
PHY_RBIAS pin and analog ground.

Place this resistor as near to the chip pin as possible. Stray
capacitance must be kept to less than 10 pF

(>50 pF causes instability). No high-speed signals can be permitted in
the region of RBIAS.

Activity LED ACT_LED |Indicates when the EPHY is transmitting or receiving (0]
Link LED LINK_LED |Indicates when the EPHY has a valid link o
Speed LED SPD_LED |Indicates the speed of the EPHY connection (0]
Duplex LED DUPLED |Indicates the duplex (full or half) of the EPHY connection o
Collision LED COLLED |Indicates if the EPHY detects a collision o
Transmit LED TXLED Indicates if the EPHY is transmitting @)
Receive LED RXLED Indicates if the EPHY is receiving (0]
2.9 I°C /0O Signals
Table 2-8 describes the 1°C serial interface module signals.
Table 2-8. I2C 1/0 Signals
Signal Name Abbreviation Function I/1O
Serial Clock SCL Open-drain clock signal for the for the 12C interface. It is driven by the | 1/0
12C module when the bus is in master mode or it becomes the clock
input when the I2C is in slave mode.
Serial Data SDA Open-drain signal that serves as the data input/output for the 1’c I/1O
interface.
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Signal Descriptions

2.10 UART Module Signals

Table 2-9 describes the UART module signals.
Table 2-9. UART Module Signals

Signal Name Abbreviation Function I/O
Transmit Serial Data Output UTXDn Transmitter serial data outputs for the UART modules. The output is @)
held high (mark condition) when the transmitter is disabled, idle, or in
the local loopback mode. Data is shifted out, LSB first, on this pin at
the falling edge of the serial clock source.
Receive Serial Data Input URXDn Receiver serial data inputs for the UART modules. Data is received on I
this pin LSB first. When the UART clock is stopped for power-down
mode, any transition on this pin restarts it.
Clear-to-Send UCTSn Indicate to the UART modules that they can begin data transmission.| |
Request-to-Send URTSnN Automatic request-to-send outputs from the UART modules. This 0]
signal can also be configured to be asserted and negated as a
function of the RXFIFO level.
2.11 DMA Timer Signals
Table 2-10 describes the signals of the four DMA timer modules.
Table 2-10. DMA Timer Signals
Signal Name Abbreviation Function I/O

DMA Timer Input

DTINNn

Event input to the DMA timer modules.

DMA Timer Output

DTOUTNn

Programmable output from the DMA timer modules.

2.12 ADC Signals

Table 2-11 describes the signals of the analog-to-digital converter.

Table 2-11. ADC Signals

Signal Name Abbreviation Function 1/0
Analog Inputs AN[7:0] Inputs to the A-to-D converter. |
Analog Reference VRrH Reference voltage high and low inputs. |

VRL I
Analog Supply Vbpa Isolate the ADC circuitry from power supply noise —
Vssa —
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Signal Descriptions

2.13 General Purpose Timer Signals

Table 2-12 describes the general purpose timer signals.

Table 2-12. GPT Signals

Signal Name

Abbreviation

Function

1/0

Input/Output

General Purpose Timer

GPT[3:0]

Inputs to or outputs from the general purpose timer module

110

2.14 Pulse Width Modulator Signals
Table 2-13 describes the PWM signals.

Table 2-13. PWM Signals

Signal Name

Abbreviation

Function

110

PWM Output Channels

PWM[7:0]

Pulse width modulated output for PWM channels

2.15 Debug Support Signals

The signals in Table 2-14 are used as the interface to the on-chip JTAG controller and also to interface to

the BDM logic.
Table 2-14. Debug Support Signals
Signal Name Abbreviation Function I/O
JTAG Enable JTAG_EN |Select between debug module and JTAG signals at reset |
Test Reset TRST This active-low signal is used to initialize the JTAG logic |
asynchronously.
Test Clock TCLK Used to synchronize the JTAG logic. |

Test Mode Select T™MS Used to sequence the JTAG state machine. TMS is sampled on the |
rising edge of TCLK.

Test Data Input TDI Serial input for test instructions and data. TDI is sampled on the rising |
edge of TCLK.

Test Data Output TDO Serial output for test instructions and data. TDO is three-stateable and (0]
is actively driven in the shift-IR and shift-DR controller states. TDO
changes on the falling edge of TCLK.

Development Serial DSCLK Development Serial Clock. Internally synchronized input. (The logic |

Clock level on DSCLK is validated if it has the same value on two
consecutive rising bus clock edges.) Clocks the serial communication
port to the debug module during packet transfers. Maximum frequency
is PSTCLK/5. At the synchronized rising edge of DSCLK, the data
input on DSI is sampled and DSO changes state.
Breakpoint BKPT Breakpoint. Input used to request a manual breakpoint. Assertion of |

BKPT puts the processor into a halted state after the current
instruction completes. Halt status is reflected on processor status
signals (PST[3:0]) as the value OxF.
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Table 2-14. Debug Support Signals (continued)

Signal Name Abbreviation Function I/O
Development Serial DSl Development Serial Input. Internally synchronized input that provides |
Input data input for the serial communication port to the debug module after
the DSCLK has been seen as high (logic 1).
Development Serial DSO Development Serial Output. Provides serial output communication for | O
Output debug module responses. DSO is registered internally. The output is

delayed from the validation of DSCLK high.

Debug Data DDATA[3:0] |Debug data. Displays captured processor data and breakpoint status. (0]
The CLKOUT signal can be used by the development system to know
when to sample DDATA[3:0].

Processor Status Clock PSTCLK Processor Status Clock. Delayed version of the processor clock. Its (0]
rising edge appears in the center of valid PST and DDATA output.
PSTCLK indicates when the development system should sample PST
and DDATA values.

If real-time trace is not used, setting CSR[PCD] keeps PSTCLK, and
PST and DDATA outputs from toggling without disabling triggers.
Non-quiescent operation can be reenabled by clearing CSR[PCD],
although the external development systems must resynchronize with
the PST and DDATA outputs.

PSTCLK starts clocking only when the first non-zero PST value (0xC,
0xD, or 0xF) occurs during system reset exception processing.

Processor Status PST[3:0] Indicate core status. Debug mode timing is synchronous with the (0]

Outputs processor clock; status is unrelated to the current bus transfer. The
CLKOUT signal can be used by the development system to know
when to sample PSTI[3:0].

All Processor Status ALLPST Logical AND of PST[3.0] (0]
Outputs

2.16 EzPort Signal Descriptions

Table 2-15 contains a list of EzPort external signals

Table 2-15. EzPort Signal Descriptions

Signal Name Abbreviation Function /0
EzPort Clock EZPCK Shift clock for EzPort transfers I
EzPort Chip Select EZPCS Chip select for signaling the start and end of |
serial transfers
EzPort Serial Data In EZPD EZPD is sampled on the rising edge of EZPCK |
EzPort Serial Data Out EZPQ EZPQ transitions on the falling edge of EZPCK @)

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

2-14 Freescale Semiconductor

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Signal Descriptions

2.17 Power and Ground Pins

The pins described in Table 2-16 provide system power and ground to the chip. Multiple pins are provided

for adequate current capability. All power supply pins must have adequate decoupling (bypass

capacitance) for high-frequency noise suppression.
Table 2-16. Power and Ground Pins

Signal Name

Abbreviation

Function

I/1O

PLL Analog Supply VDDPLL, |Dedicated power supply signals to isolate the sensitive PLL analog |
VSSPLL circuitry from the normal levels of noise present on the digital power
supply.
Positive Supply VDD These pins supply positive power to the core logic. |
Ground VSS This pin is the negative supply (ground) to the chip.

Some of the Vpp and Vg pins on the device are only to be used for noise bypass. Figure 2 shows a typical
connection diagram. Pay particular attention to those pins which show only capacitor connections.

CAUTION

Avoid connecting power-supply voltage directly to pins in Figure 2 which
show only capacitor connections, as doing so could damage the device

severely.
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Figure 2. Suggested connection scheme for Power and Ground
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Chapter 3
ColdFire Core

3.1 Introduction

This section describes the organization of the Version 2 (V2) ColdFire® processor core and an overview
of the program-visible registers. For detailed information on instructions, see the ISA_A+ definition in the
ColdFire Family Programmer’s Reference Manual.

3.11 Overview

As with all ColdFire cores, the V2 ColdFire core is comprised of two separate pipelines decoupled by an
instruction buffer.

Instruction
IAG Address <
Generation
. > Address [31:0]
IC Instruction < - -
) Fetch Cycle - -
Instruction -
Fetch -
Pipeline
B FIFO
Instruction Buffer
Y
Read Data[31:0]
[ <=
Decode & Select, |
Operand DSOC Operand Fetch  |™ > D -
Execution Write Data[31:0]
Pipeline
Address
AGEX Generation,
Execute
|

Figure 3-1. V2 ColdFire Core Pipelines

The instruction fetch pipeline (IFP) is a two-stage pipeline for prefetching instructions. The prefetched
instruction stream is then gated into the two-stage operand execution pipeline (OEP), that decodes the
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ColdFire Core

instruction, fetches the required operands, and then executes the required function. Because the IFP and
OEP pipelines are decoupled by an instruction buffer serving as a FIFO queue, the IFP is able to prefetch
instructions in advance of their actual use by the OEP thereby minimizing time stalled waiting for
instructions.
The V2 ColdFire core pipeline stages include the following:
» Two-stage instruction fetch pipeline (IFP) (plus optional instruction buffer stage)
— Instruction address generation (IAG) — Calculates the next prefetch address
— Instruction fetch cycle (IC)—Initiates prefetch on the processor’s local bus

— Instruction buffer (IB) — Optional buffer stage minimizes fetch latency effects using FIFO
queue

» Two-stage operand execution pipeline (OEP)

— Decode and select/operand fetch cycle (DSOC)—Decodes instructions and fetches the
required components for effective address calculation, or the operand fetch cycle

— Address generation/execute cycle (AGEX)—Calculates operand address or executes the
instruction

When the instruction buffer is empty, opcodes are loaded directly from the IC cycle into the operand
execution pipeline. If the buffer is not empty, the IFP stores the contents of the fetched instruction in the
IB until it is required by the OEP.

For register-to-register and register-to-memory store operations, the instruction passes through both OEP
stages once. For memory-to-register and read-modify-write memory operations, an instruction is
effectively staged through the OEP twice; the first time to calculate the effective address and initiate the
operand fetch on the processor’s local bus, and the second time to complete the operand reference and
perform the required function defined by the instruction.

The resulting pipeline and local bus structure allow the V2 ColdFire core to deliver sustained high
performance across a variety of demanding embedded applications.

3.2 Memory Map/Register Description

The following sections describe the processor registers in the user and supervisor programming models.
The programming model is selected based on the processor privilege level (user mode or supervisor mode)
as defined by the S bit of the status register (SR). Table 3-1 lists the processor registers.
The user-programming model consists of the following registers:

» 16 general-purpose 32-bit registers (D0-D7, A0-A7)

»  32-bit program counter (PC)

» 8-bit condition code register (CCR)

» EMAC registers (described fully in Chapter 4, “Enhanced Multiply-Accumulate Unit (EMAC

— Four 48-bit accumulator registers partitioned as follows:
— Four 32-bit accumulators (ACC0-ACC3)

— Eight 8-bit accumulator extension bytes (two per accumulator). These are grouped into two
32-bit values for load and store operations (ACCEXTO01 and ACCEXT23).
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ColdFire Core

Accumulators and extension bytes can be loaded, copied, and stored, and results from EMAC
arithmetic operations generally affect the entire 48-bit destination.

— One 16-bit mask register (MASK)

— One 32-bit Status register (MACSR) including four indicator bits signaling product or
accumulation overflow (one for each accumulator: PAV0-PAV3)

The supervisor programming model is to be used only by system control software to implement restricted
operating system functions, 1/0 control, and memory management. All accesses that affect the control
features of ColdFire processors are in the supervisor programming model, that consists of registers
available in user mode as well as the following control registers:
» 16-bit status register (SR)
» 32-bit supervisor stack pointer (SSP)

o 32-bit vector base register (VBR)

* Two 32-bit memory base address registers (RAMBAR, FLASHBAR)

Table 3-1. ColdFire Core Programming Model

1 . Width Written with .
BDM Register (bits) Access | Reset Value MOVEC Section/Page
Supervisor/User Access Registers
Load: 0x080 Data Register 0 (DO0) 32 R/W OxCF2_6 No 3.2.1/3-4
Store: 0x180
Load: 0x081 Data Register 1 (D1) 32 R/W 0x No 3.2.1/3-4
Store: 0x181
Load: 0x082—7 | Data Register 2—7 (D2-D7) 32 R/W Undefined No 3.2.1/3-4
Store: 0x182-7
Load: 0x088—8E | Address Register 0—6 (A0—A6) 32 R/W Undefined No 3.2.2/3-4
Store: 0x188-8E
Load: Ox08F Supervisor/User A7 Stack Pointer (A7) 32 R/W Undefined No 3.2.3/3-5
Store: Ox18F
0x804 MAC Status Register (MACSR) 32 R/W | 0x0000_0000 No 4.2.1/4-3
0x805 MAC Address Mask Register (MASK) 32 R/W | OXFFFF_FFFF No 4.2.2/14-5
0x806, 0x809, MAC Accumulators 0—-3 (ACC0-3) 32 R/W Undefined No 4.2.3/4-7
0x80A, 0x80B
0x807 MAC Accumulator 0,1 Extension Bytes 32 R/W Undefined No 4.2.4/4-7
(ACCext01)
0x808 MAC Accumulator 2,3 Extension Bytes 32 R/W Undefined No 4.2.4/4-7
(ACCext23)
0x80E Condition Code Register (CCR) 8 R/W Undefined No 3.2.4/3-6
O0x80F Program Counter (PC) 32 R/W Contents of No 3.2.5/3-7

location
0x0000_0004
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ColdFire Core

Table 3-1. ColdFire Core Programming Model (continued)

. Width Written with .
1
BDM Register (bits) Access | Reset Value MOVEC Section/Page
Supervisor Access Only Registers
0x800 User/Supervisor A7 Stack Pointer 32 R/W Contents of No 3.2.3/3-5
(OTHER_A7) location
0x0000_0000
0x801 Vector Base Register (VBR) 32 R/W | 0x0000_0000 Yes 3.2.6/3-7
0x80E Status Register (SR) 16 R/W 0x27-- No 3.2.7/3-7
0xC04 Flash Base Address Register 32 R/W | 0x0000_0000 Yes 3.2.8/3-8
(FLASHBAR)
0xCO05 RAM Base Address Register (RAMBAR) | 32 R/W See Section Yes 3.2.8/3-8

1 The values listed in this column represent the Rc field used when accessing the core registers via the BDM port. For more
information see Chapter 31, “Debug Module”.

3.2.1 Data Registers (D0-D7)

D0-D7 data registers are for bit (1-bit), byte (8-bit), word (16-bit) and longword (32-bit) operations; they
can also be used as index registers.
NOTE

Registers DO and D1 contain hardware configuration details after reset. See
Section 3.3.4.15, “Reset Exception” for more details.

BDM: Load: 0x080 + n; n = 0-7 (Dn)
Store: 0x180 + n; n = 0-7 (Dn)

Access: User read/write
BDM read/write

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

Data

(D2-D7)
Reset
(DO, D1)

See Section 3.3.4.15, “Reset Exception”

Figure 3-2. Data Registers (D0-D7)

3.2.2 Address Registers (A0—A6)

These registers can be used as software stack pointers, index registers, or base address registers. They can
also be used for word and longword operations.
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ColdFire Core

BDM: Load: 0x088 + n; n = 0—6 (An) Access: User read/write
Store: 0x188 + n; n = 0—6 (An) BDM read/write
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 10
R
Address
w
R e e E e e PR EE B

Figure 3-3. Address Registers (A0O—A6)

3.2.3 Supervisor/User Stack Pointers (A7 and OTHER_A7)

This ColdFire architecture supports two independent stack pointer (A7) registers—the supervisor stack
pointer (SSP) and the user stack pointer (USP). The hardware implementation of these two
program-visible 32-bit registers does not identify one as the SSP and the other as the USP. Instead, the
hardware uses one 32-bit register as the active A7 and the other as OTHER_A7. Thus, the register contents
are a function of the processor operation mode, as shown in the following:

if SR[S] =1
then A7 = Supervisor Stack Pointer
OTHER_A7 = User Stack Pointer
else A7 = User Stack Pointer

OTHER_A7 = Supervisor Stack Pointer

The BDM programming model supports direct reads and writes to A7 and OTHER_AT. It is the
responsibility of the external development system to determine, based on the setting of SR[S], the mapping
of A7 and OTHER_AY to the two program-visible definitions (SSP and USP).

To support dual stack pointers, the following two supervisor instructions are included in the ColdFire
instruction set architecture to load/store the USP:

move.l Ay,USP;move to USP
move.l USP,Ax;move from USP

These instructions are described in the ColdFire Family Programmer’s Reference Manual. All other
instruction references to the stack pointer, explicit or implicit, access the active A7 register.

NOTE

The USP must be initialized using the move. 1 Ay,usp instruction before any
entry into user mode.

The SSP is loaded during reset exception processing with the contents of
location 0x0000_0000.
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ColdFire Core

BDM: Load: Ox08F (A7) Access: A7: User or BDM read/write

Store: 0x18F (A7) OTHER_AT: Supervisor or BDM read/write
0x800 (OTHER_A7)

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

Address

O SR R R e EERR

3.2.4

The CCR
generated

Figure 3-4. Stack Pointer Registers (A7 and OTHER_A7)

Condition Code Register (CCR)

is the LSB of the processor status register (SR). Bits 4-0 act as indicator flags for results
by processor operations. The extend bit (X) is also an input operand during multiprecision

arithmetic computations. The CCR register must be explicitly loaded after reset and before any compare
(CMP), Bcc, or Scc instructions are executed.

BDM: LSB of Status Register (SR) Access: User read/write
BDM read/write
5 4 3 2 1 0
R 0 0 0
X N 4 Y, C
w
Reset: 0 0 0 — — — — —
Figure 3-5. Condition Code Register (CCR)
Table 3-2. CCR Field Descriptions
Field Description
7-5 Reserved, must be cleared.
4 Extend condition code bit. Set to the C-bit value for arithmetic operations; otherwise not affected or set to a specified
X result.
3 Negative condition code bit. Set if most significant bit of the result is set; otherwise cleared.
N
2 Zero condition code bit. Set if result equals zero; otherwise cleared.
Z
1 Overflow condition code bit. Set if an arithmetic overflow occurs implying the result cannot be represented in operand
\Y size; otherwise cleared.
0 Carry condition code bit. Set if a carry out of the operand msb occurs for an addition or if a borrow occurs in a
C subtraction; otherwise cleared.
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3.2.5 Program Counter (PC)

The PC contains the currently executing instruction address. During instruction execution and exception
processing, the processor automatically increments PC contents or places a new value in the PC. The PC
is a base address for PC-relative operand addressing.

The PC is initially loaded during reset exception processing with the contents at location 0x0000_0004.

BDM: 0x80F (PC) Access: User read/write
BDM read/write

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

Address

S RER R R PR e e

Figure 3-6. Program Counter Register (PC)

3.2.6 Vector Base Register (VBR)

The VBR contains the base address of the exception vector table in the memory. To access the vector table,
the displacement of an exception vector is added to the value in VBR. The lower 20 bits of the VBR are
not implemented by ColdFire processors. They are assumed to be zero, forcing the table to be aligned on
a 1 MB boundary.

BDM: 0x801 (VBR) Access: Supervisor read/write
BDM read/write
31 30 29 28‘27 26 25 24‘23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8

R o|(o|jofjojo|0|0O|O|lO|O|O|O|OfO|O|O|O|0O|O]|O
Base Address

w

ResetOOOO‘OOO0‘000000000000000000000000
Figure 3-7. Vector Base Register (VBR)

3.2.7 Status Register (SR)

The SR stores the processor status and includes the CCR, the interrupt priority mask, and other control
bits. In supervisor mode, software can access the entire SR. In user mode, only the lower 8 bits (CCR) are
accessible. The control bits indicate the following states for the processor: trace mode (T bit), supervisor
or user mode (S bit), and master or interrupt state (M bit). All defined bits in the SR have read/write access
when in supervisor mode. The lower byte of the SR (the CCR) must be loaded explicitly after reset and
before any compare (CMP), Bcc, or Scc instructions execute.
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BDM: Ox80E (SR) Access: Supervisor read/write
BDM read/write
System Byte Condition Code Register (CCR)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0
T S M | X N z \Y, C
w
Reset 0 0 1 0 0 1 1 1 0 0 0 — — — — —
Figure 3-8. Status Register (SR)
Table 3-3. SR Field Descriptions
Field Description
15 Trace enable. When set, the processor performs a trace exception after every instruction.
T
14 Reserved, must be cleared.
13 Supervisor/user state.
S 0 User mode
1 Supervisor mode
12 Master/interrupt state. Bit is cleared by an interrupt exception and software can set it during execution of the RTE or
M move to SR instructions.
11 Reserved, must be cleared.
10-8 |Interrupt level mask. Defines current interrupt level. Interrupt requests are inhibited for all priority levels less than or
| equal to current level, except edge-sensitive level 7 requests, which cannot be masked.
7-0 Refer to Section 3.2.4, “Condition Code Register (CCR)".
CCR
3.2.8 Memory Base Address Registers (RAMBAR, FLASHBAR)

The memory base address registers are used to specify the base address of the internal SRAM and flash
modules and indicate the types of references mapped to each. Each base address register includes a base
address, write-protect bit, address space mask bits, and an enable bit. FLASHBAR determines the base
address of the on-chip flash, and RAMBAR determines the base address of the on-chip RAM. For more
information, refer to Section 11.2.1, “SRAM Base Address Register (RAMBAR)” and Section 15.3.2,
“Flash Base Address Register (FLASHBAR)”.

3.3

3.3.1

Functional Description

Version 2 ColdFire Microarchitecture

From the block diagram in Figure 3-1, the non-Harvard architecture of the processor is readily apparent.
The processor interfaces to the local memory subsystem via a single 32-bit address and two unidirectional
32-bit data buses. This structure minimizes the core size without compromising performance to a large

degree.
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A more detailed view of the hardware structure within the two pipelines is presented in Figure 3-9 and
Figure 3-10 below. In these diagrams, the internal structure of the instruction fetch and operand execution
pipelines is shown:

IAG IC IB
4 — 3l —> Opword
Core Bus >
Address
—>
—> —>
o - —> Extension 1
Core Bus FIFO =
Read Data B g
—> Extension 2

Figure 3-9. Version 2 ColdFire Processor Instruction Fetch Pipeline Diagram

DSOC AGEX
RGF —

~ > > —

— o Core Bus

Opword —»] - > ~ Address

I T > > L
Extension 1 —> > e L] -

] > Core Bus

Extension 2 —> > > - > Write Data
Core Bus o
Read Data

Figure 3-10. Version 2 ColdFire Processor Operand Execution Pipeline Diagram

The instruction fetch pipeline prefetches instructions from local memory using a two-stage structure. For
sequential prefetches, the next instruction address is generated by adding four to the last prefetch address.
This function is performed during the 1AG stage and the resulting prefetch address gated onto the core bus
(if there are no pending operand memory accesses assigned a higher priority). After the prefetch address
is driven onto the core bus, the instruction fetch cycle accesses the appropriate local memory and returns
the instruction read data back to the IFP during the cycle. If the accessed data is not present in a local

memory (e.g., an instruction cache miss, or an external access cycle is required), the IFP is stalled in the
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IC stage until the referenced data is available. As the prefetch data arrives in the IFP, it can be loaded into
the FIFO instruction buffer or gated directly into the OEP.

The V2 design uses a simple static conditional branch prediction algorithm (forward-assumed as
not-taken, backward-assumed as taken), and all change-of-flow operations are calculated by the OEP and
the target instruction address fed back to the IFP.

The IFP and OEP are decoupled by the FIFO instruction buffer, allowing instruction prefetching to occur
with the available core bus bandwidth not used for operand memory accesses. For the V2 design, the
instruction buffer contains three 32-bit locations.

Consider the operation of the OEP for three basic classes of non-branch instructions:
* Register-to-register:
op Ry, Rx
* Embedded load:
op <mem>y,RX
* Register-to-memory (store)
move Ry, <mem>x

For simple register-to-register instructions, the first stage of the OEP performs the instruction decode and
fetching of the required register operands (OC) from the dual-ported register file, while the actual
instruction execution is performed in the second stage (EX) in one of the execute engines (e.g., ALU,
barrel shifter, divider, EMAC). There are no operand memory accesses associated with this class of
instructions, and the execution time is typically a single machine cycle. See Figure 3-11.

Operand Execution Pipeline

DSOC AGEX
L RGF Rx ] new Rx
I
#
\# |} —
Ry g
— L > Core Bus
Opword —> > — Address
— T—)-—) = L
Extension1 —> > > L] —
] > Core Bus
Extension 2 —>| > - - Write
L L] Data
Core Bus
Read Data

Figure 3-11. V2 OEP Register-to-Register

For memory-to-register (embedded-load) instructions, the instruction is effectively staged through the
OEP twice with a basic execution time of three cycles. First, the instruction is decoded and the components
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ColdFire Core

of the operand address (base register from the RGF and displacement) are selected (DS). Second, the
operand effective address is generated using the ALU execute engine (AG). Third, the memory read
operand is fetched from the core bus, while any required register operand is simultaneously fetched (OC)
from the RGF. Finally, in the fourth cycle, the instruction is executed (EX). The heavily-used 32-bit load
instruction (move. 1 <mem>y,Rx) IS optimized to support a two-cycle execution time. The following example
in Figure 3-12 shows an effective address of the form <ea>y = (d16,Ay), i.e., a 16-bit signed displacement
added to a base register Ay.

Operand Execution Pipeline

DSOC AGEX
RGF —
—_— ;
* |’ —
A <ea>
- y L Yy > dmp COTEBLUS
Opword —> > > Address
— * |’ I
) dié
Extension 1 —> e > L -
] > Core Bus
Extension 2 —> > > i > Write
L L] Data
Core Bus
Read Data

Figure 3-12. V2 OEP Embedded-Load Part 1
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Operand Execution Pipeline

DSOC AGEX
L
R
RGF X ] new Rx
] #
‘* |’ —
I L o Core Bus
Opword —> - > - Address
— * |’ L |
Extension 1 —>| > - L L
] > Core Bus
Extension 2 —> > > i > Write
L L Data
Core Bus <mem>y
Read Data

Figure 3-13. V2 OEP Embedded-Load Part 2

For register-to-memory (store) operations, the stage functions (DS/OC, AG/EX) are effectively performed
simultaneously allowing single-cycle execution. See Figure 3-14 where the effective address is of the form
<ea>x = (d16,Ax), i.e., a 16-bit signed displacement added to a base register Ax.

For read-modify-write instructions, the pipeline effectively combines an embedded-load with a store
operation for a three-cycle execution time.
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Operand Execution Pipeline

DSOC AGEX
L
RGF AX —
—_—
|’ N
- R <ga>X
’ — > s
Opword —> > |
— L - L |
. di6
Extension1 —> L] —
] Core Bus
Extension 2 —>| > = \Write
L L Data
Core Bus
Read Data

Figure 3-14. V2 OEP Register-to-Memory

The pipeline timing diagrams of Figure 3-15 depict the execution templates for these three classes of
instructions. In these diagrams, the x-axis represents time, and the various instruction operations are shown
progressing down the operand execution pipeline.
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Core clock IW

Register-to-Register

| |
| |
OEP.DSOC ocC next | |
OEP.AGEX | EX | :
Core Bus | ; ; : ;
|

|

Embedded-Load

OEP.DSOC DS oC next

OEP.AGEX AG EX

Core Bus

Register-to-Memory

|
|
| i {  opread
| |
(Store) | |

OEP.DSOC DSOC next

OEP.AGEX AGEX

Core Bus

4 opwrite
| A\ b

Figure 3-15. V2 OEP Pipeline Execution Templates

_NAL N\

3.3.2 Instruction Set Architecture (ISA_A+)

The original ColdFire instruction set architecture (ISA_A) was derived from the M68000 family opcodes
based on extensive analysis of embedded application code. The ISA was optimized for code compiled
from high-level languages where the dominant operand size was the 32-bit integer declaration. This
approach minimized processor complexity and cost, while providing excellent performance for compiled
applications.

After the initial ColdFire compilers were created, developers noted there were certain ISA additions that
would enhance code density and overall performance. Additionally, as users implemented ColdFire-based
designs into a wide range of embedded systems, they found certain frequently-used instruction sequences
that could be improved by the creation of additional instructions.

The original ISA definition minimized support for instructions referencing byte- and word-sized operands.
Full support for the move byte and move word instructions was provided, but the only other opcodes
supporting these data types are CLR (clear) and TST (test). A set of instruction enhancements has been
implemented in subsequent ISA revisions, ISA_B and ISA_C. The new opcodes primarily addressed three
areas:

1. Enhanced support for byte and word-sized operands
2. Enhanced support for position-independent code
3. Miscellaneous instruction additions to address new functionality
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Table 3-4 summarizes the instructions added to revision ISA_A to form revision ISA_A+. For more details
see the ColdFire Family Programmer’s Reference Manual.

3.3.3

Table 3-4. Instruction Enhancements over Revision ISA_A

Instruction Description

BITREV The contents of the destination data register are bit-reversed; new Dn[31] equals old Dn[0], new
Dn[30] equals old Dn[1],..., new Dn[0] equals old Dn[31].

BYTEREV The contents of the destination data register are byte-reversed; new Dn[31:24] equals old
Dn[7:0],..., new Dn[7:0] equals old Dn[31:24].

FF1 The data register, Dn, is scanned, beginning from the most-significant bit (Dn[31]) and ending
with the least-significant bit (Dn[Q]), searching for the first set bit. The data register is then
loaded with the offset count from bit 31 where the first set bit appears.

Move from USP | USP — Destination register

Move to USP | Source register - USP

STLDSR Pushes the contents of the status register onto the stack and then reloads the status register
with the immediate data value.

Exception Processing Overview

Exception processing for ColdFire processors is streamlined for performance. The ColdFire processors
differ from the M68000 family because they include:

A simplified exception vector table

Reduced relocation capabilities using the vector-base register

A single exception stack frame format

Use of separate system stack pointers for user and supervisor modes.

All ColdFire processors use an instruction restart exception model. However, Version 2 ColdFire
processors require more software support to recover from certain access errors. See Section 3.3.4.1,
“Access Error Exception” for details.

Exception processing includes all actions from fault condition detection to the initiation of fetch for first
handler instruction. Exception processing is comprised of four major steps:

1. The processor makes an internal copy of the SR and then enters supervisor mode by setting the S

bit and disabling trace mode by clearing the T bit. The interrupt exception also forces the M bit to
be cleared and the interrupt priority mask to set to current interrupt request level.

The processor determines the exception vector number. For all faults except interrupts, the
processor performs this calculation based on exception type. For interrupts, the processor
performs an interrupt-acknowledge (IACK) bus cycle to obtain the vector number from the
interrupt controller. The IACK cycle is mapped to special locations within the interrupt
controller’s address space with the interrupt level encoded in the address.
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3. The processor saves the current context by creating an exception stack frame on the system stack.

The exception stack frame is created at a 0-modulo-4 address on top of the system stack pointed to
by the supervisor stack pointer (SSP). As shown in Figure 3-16, the processor uses a simplified
fixed-length stack frame for all exceptions. The exception type determines whether the program
counter placed in the exception stack frame defines the location of the faulting instruction (fault)
or the address of the next instruction to be executed (next).

The processor calculates the address of the first instruction of the exception handler. By definition,
the exception vector table is aligned on a 1 MB boundary. This instruction address is generated by
fetching an exception vector from the table located at the address defined in the vector base register.
The index into the exception table is calculated as (4 x vector number). After the exception vector
has been fetched, the vector contents determine the address of the first instruction of the desired
handler. After the instruction fetch for the first opcode of the handler has initiated, exception
processing terminates and normal instruction processing continues in the handler.

All ColdFire processors support a 1024-byte vector table aligned on any 1 Mbyte address boundary (see
Table 3-5).

The table contains 256 exception vectors; the first 64 are defined for the core and the remaining 192 are
device-specific peripheral interrupt vectors. See Chapter 15, “Interrupt Controller Module” for details on
the device-specific interrupt sources.

Table 3-5. Exception Vector Assignments

vector vector Ifrtc?;lr(aer?w Assignment
Number(s) Offset (Hex) Counter
0 0x000 — Initial supervisor stack pointer
1 0x004 — Initial program counter
2 0x008 Fault Access error
3 0x00C Fault Address error
4 0x010 Fault lllegal instruction
5 0x014 Fault Divide by zero
6-7 0x018-0x01C — Reserved
8 0x020 Fault Privilege violation
9 0x024 Next Trace
10 0x028 Fault Unimplemented line-A opcode
11 0x02C Fault Unimplemented line-F opcode
12 0x030 Next Debug interrupt
13 0x034 — Reserved
14 0x038 Fault Format error
15-23 0x03C-0x05C — Reserved
24 0x060 Next Spurious interrupt
25-31 0x064-0x07C — Reserved
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Table 3-5. Exception Vector Assignments (continued)

Stacked
Vector vector Program Assignment
Number(s) Offset (Hex) 9 9
Counter
32-47 0x080-0x0BC Next Trap # 0-15 instructions
48-63 0x0CO0-0x0FC — Reserved
64-255 0x100-0x3FC Next Device-specific interrupts

1 Fault refers to the PC of the instruction that caused the exception. Next refers to the PC
of the instruction that follows the instruction that caused the fault.

All ColdFire processors inhibit interrupt sampling during the first instruction of all exception handlers.
This allows any handler to disable interrupts effectively, if necessary, by raising the interrupt mask level
contained in the status register. In addition, the ISA_A+ architecture includes an instruction (STLDSR)
that stores the current interrupt mask level and loads a value into the SR. This instruction is specifically
intended for use as the first instruction of an interrupt service routine that services multiple interrupt
requests with different interrupt levels. For more details, see ColdFire Family Programmer’s Reference
Manual.

3.3.3.1 Exception Stack Frame Definition

Figure 3-16 shows exception stack frame. The first longword contains the 16-bit format/vector word (F/V)
and the 16-bit status register, and the second longword contains the 32-bit program counter address.

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
SSP —| Format FS[S:Z]‘ Vector |FS[1:O] Status Register

+ 0x4 Program Counter

Figure 3-16. Exception Stack Frame Form

The 16-bit format/vector word contains three unique fields:

* A 4-bit format field at the top of the system stack is always written with a value of 4, 5, 6, or 7 by
the processor, indicating a two-longword frame format. See Table 3-6.

Table 3-6. Format Field Encodings

Original SSP @ Time SSP @ 1st .

. . Instruction of Format Field
of Exception, Bits 1:0

Handler

00 Original SSP - 8 0100

01 Original SSP - 9 0101

10 Original SSP - 10 0110

11 Original SSP - 11 0111

» There is a 4-bit fault status field, FS[3:0], at the top of the system stack. This field is defined for
access and address errors only and written as zeros for all other exceptions. See Table 3-7.
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Table 3-7. Fault Status Encodings

FS[3:0] Definition
00xx Reserved
0100 Error on instruction fetch
0101 Reserved
011x Reserved
1000 Error on operand write
1001 Attempted write to write-protected space
101x Reserved
1100 Error on operand read
1101 Reserved
111x Reserved

» The 8-bit vector number, vector[7:0], defines the exception type and is calculated by the processor
for all internal faults and represents the value supplied by the interrupt controller in case of an
interrupt. See Table 3-5.

3.34 Processor Exceptions

3.34.1 Access Error Exception

The exact processor response to an access error depends on the memory reference being performed. For
an instruction fetch, the processor postpones the error reporting until the faulted reference is needed by an
instruction for execution. Therefore, faults during instruction prefetches followed by a change of
instruction flow do not generate an exception. When the processor attempts to execute an instruction with
a faulted opword and/or extension words, the access error is signaled and the instruction is aborted. For
this type of exception, the programming model has not been altered by the instruction generating the access
error.

If the access error occurs on an operand read, the processor immediately aborts the current instruction’s
execution and initiates exception processing. In this situation, any address register updates attributable to
the auto-addressing modes, (for example, (An)+,-(An)), have already been performed, so the programming
model contains the updated An value. In addition, if an access error occurs during a MOVEM instruction
loading from memory, any registers already updated before the fault occurs contain the operands from
memory.

The V2 ColdFire processor uses an imprecise reporting mechanism for access errors on operand writes.
Because the actual write cycle may be decoupled from the processor’s issuing of the operation, the
signaling of an access error appears to be decoupled from the instruction that generated the write.
Accordingly, the PC contained in the exception stack frame merely represents the location in the program
when the access error was signaled. All programming model updates associated with the write instruction
are completed. The NOP instruction can collect access errors for writes. This instruction delays its
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execution until all previous operations, including all pending write operations, are complete. If any
previous write terminates with an access error, it is guaranteed to be reported on the NOP instruction.

3.3.4.2 Address Error Exception

Any attempted execution transferring control to an odd instruction address (if bit O of the target address is
set) results in an address error exception.

Any attempted use of a word-sized index register (Xn.w) or a scale factor of eight on an indexed effective
addressing mode generates an address error, as does an attempted execution of a full-format indexed
addressing mode, which is defined by bit 8 of extension word 1 being set.

If an address error occurs on a JSR instruction, the Version 2 ColdFire processor calculates the target
address then the return address is pushed onto the stack. If an address error occurs on an RTS instruction,
the Version 2 ColdFire processor overwrites the faulting return PC with the address error stack frame.

3.34.3 lllegal Instruction Exception

The ColdFire variable-length instruction set architecture supports three instruction sizes: 16, 32, or 48 bits.
The first instruction word is known as the operation word (or opword), while the optional words are known
as extension word 1 and extension word 2. The opword is further subdivided into three sections: the upper
four bits segment the entire ISA into 16 instruction lines, the next 6 bits define the operation mode
(opmode), and the low-order 6 bits define the effective address. See Figure 3-17. The opword line
definition is shown in Table 3-8.

15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Line OpMode Effective Address

Mode | Register

Figure 3-17. ColdFire Instruction Operation Word (Opword) Format

Table 3-8. ColdFire Opword Line Definition

Opword[Line] Instruction Class
0x0 Bit manipulation, Arithmetic and Logical Immediate
Ox1 Move Byte
0x2 Move Long
0x3 Move Word
0x4 Miscellaneous
0x5 Add (ADDQ) and Subtract Quick (SUBQ), Set according to Condition Codes (Scc)
0x6 PC-relative change-of-flow instructions
Conditional (Bcc) and unconditional (BRA) branches, subroutine calls (BSR)
0x7 Move Quick (MOVEQ), Move with sign extension (MVS) and zero fill (MVZ)
0x8 Logical OR (OR)
0x9 Subtract (SUB), Subtract Extended (SUBX)
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Table 3-8. ColdFire Opword Line Definition (continued)

Opword[Line] Instruction Class
OxA EMAC, Move 3-bit Quick (MOV3Q)
0xB Compare (CMP), Exclusive-OR (EOR)
oxC Logical AND (AND), Multiply Word (MUL)
0xD Add (ADD), Add Extended (ADDX)
OxE Arithmetic and logical shifts (ASL, ASR, LSL, LSR)
OxF Cache Push (CPUSHL), Write DDATA (WDDATA), Write Debug (WDEBUG)

In the original M68000 ISA definition, lines A and F were effectively reserved for user-defined operations
(line A) and co-processor instructions (line F). Accordingly, there are two unique exception vectors
associated with illegal opwords in these two lines.

Any attempted execution of an illegal 16-bit opcode (except for line-A and line-F opcodes) generates an
illegal instruction exception (vector 4). Additionally, any attempted execution of any non-MAC line-A and
most line-F opcodes generate their unique exception types, vector numbers 10 and 11, respectively.
ColdFire cores do not provide illegal instruction detection on the extension words on any instruction,
including MOVEC.

3.34.4 Divide-By-Zero

Attempting to divide by zero causes an exception (vector 5, offset equal 0x014).

3.3.4.5 Privilege Violation

The attempted execution of a supervisor mode instruction while in user mode generates a privilege
violation exception. See ColdFire Programmer’s Reference Manual for a list of supervisor-mode
instructions.

There is one special case involving the HALT instruction. Normally, this opcode is a supervisor mode
instruction, but if the debug module's CSR[UHE] is set, then this instruction can be also be executed in
user mode for debugging purposes.

3.3.4.6 Trace Exception

To aid in program development, all ColdFire processors provide an instruction-by-instruction tracing
capability. While in trace mode, indicated by setting of the SR[T] bit, the completion of an instruction
execution (for all but the stop instruction) signals a trace exception. This functionality allows a debugger
to monitor program execution.

The stop instruction has the following effects:

1. The instruction before the stop executes and then generates a trace exception. In the exception stack
frame, the PC points to the stop opcode.

2. When the trace handler is exited, the stop instruction executes, loading the SR with the immediate
operand from the instruction.
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3. The processor then generates a trace exception. The PC in the exception stack frame points to the
instruction after the stop, and the SR reflects the value loaded in the previous step.

If the processor is not in trace mode and executes a stop instruction where the immediate operand sets
SR[T], hardware loads the SR and generates a trace exception. The PC in the exception stack frame points
to the instruction after the stop, and the SR reflects the value loaded in step 2.

Because ColdFire processors do not support any hardware stacking of multiple exceptions, it is the
responsibility of the operating system to check for trace mode after processing other exception types. As
an example, consider a TRAP instruction execution while in trace mode. The processor initiates the trap
exception and then passes control to the corresponding handler. If the system requires that a trace exception
be processed, it is the responsibility of the trap exception handler to check for this condition (SR[T] in the
exception stack frame set) and pass control to the trace handler before returning from the original
exception.

3.34.7 Unimplemented Line-A Opcode

A line-A opcode is defined when bits 15-12 of the opword are 0b1010. This exception is generated by the
attempted execution of an undefined line-A opcode.

3.3.4.8 Unimplemented Line-F Opcode

A line-F opcode is defined when bits 15-12 of the opword are Ob1111. This exception is generated when
attempting to execute an undefined line-F opcode.

3.3.4.9 Debug Interrupt

See Chapter 31, “Debug Module,” for a detailed explanation of this exception, which is generated in
response to a hardware breakpoint register trigger. The processor does not generate an IACK cycle, but
rather calculates the vector number internally (vector number 12). Additionally, SR[M,I] are unaffected by
the interrupt.

3.3.4.10 RTE and Format Error Exception

When an RTE instruction is executed, the processor first examines the 4-bit format field to validate the
frame type. For a ColdFire core, any attempted RTE execution (where the format is not equal to {4,5,6,7})
generates a format error. The exception stack frame for the format error is created without disturbing the
original RTE frame and the stacked PC pointing to the RTE instruction.

The selection of the format value provides some limited debug support for porting code from M68000
applications. On M68000 family processors, the SR was located at the top of the stack. On those
processors, bit 30 of the longword addressed by the system stack pointer is typically zero. Thus, if an RTE
is attempted using this old format, it generates a format error on a ColdFire processor.

If the format field defines a valid type, the processor: (1) reloads the SR operand, (2) fetches the second
longword operand, (3) adjusts the stack pointer by adding the format value to the auto-incremented address
after the fetch of the first longword, and then (4) transfers control to the instruction address defined by the
second longword operand within the stack frame.
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3.3.4.11 TRAP Instruction Exception

The TRAP #n instruction always forces an exception as part of its execution and is useful for implementing
system calls. The TRAP instruction may be used to change from user to supervisor mode.

3.3.4.12 Unsupported Instruction Exception

If execution of a valid instruction is attempted but the required hardware is not present in the processor, an
unsupported instruction exception is generated. The instruction functionality can then be emulated in the
exception handler, if desired.

All ColdFire cores record the processor hardware configuration in the DO register immediately after the
negation of RESET. See Section 3.3.4.15, “Reset Exception,” for details.

3.3.4.13 Interrupt Exception

Interrupt exception processing includes interrupt recognition and the fetch of the appropriate vector from
the interrupt controller using an IACK cycle. See Chapter 15, “Interrupt Controller Module,” for details
on the interrupt controller.

3.3.4.14 Fault-on-Fault Halt

If a ColdFire processor encounters any type of fault during the exception processing of another fault, the
processor immediately halts execution with the catastrophic fault-on-fault condition. A reset is required to
to exit this state.

3.3.4.15 Reset Exception

Asserting the reset input signal (RESET) to the processor causes a reset exception. The reset exception has
the highest priority of any exception; it provides for system initialization and recovery from catastrophic
failure. Reset also aborts any processing in progress when the reset input is recognized. Processing cannot
be recovered.

The reset exception places the processor in the supervisor mode by setting the SR[S] bit and disables
tracing by clearing the SR[T] bit. This exception also clears the SR[M] bit and sets the processor’s SR[I]
field to the highest level (level 7, 0b111). Next, the VBR is initialized to zero (0x0000_0000). The control
registers specifying the operation of any memories (e.g., cache and/or RAM modules) connected directly
to the processor are disabled.

NOTE

Other implementation-specific registers are also affected. Refer to each
module in this reference manual for details on these registers.

After the processor is granted the bus, it performs two longword read-bus cycles. The first longword at
address 0x0000_0000 is loaded into the supervisor stack pointer and the second longword at address
0x0000_0004 is loaded into the program counter. After the initial instruction is fetched from memory,
program execution begins at the address in the PC. If an access error or address error occurs before the first
instruction is executed, the processor enters the fault-on-fault state.
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ColdFire processors load hardware configuration information into the DO and D1 general-purpose
registers after system reset. The hardware configuration information is loaded immediately after the

reset-in signal is negated. This allows an emulator to read out the contents of these registers via the BDM

to determine the hardware configuration.

Information loaded into DO defines the processor hardware configuration as shown in Figure 3-18.

BDM: Load: 0x080 (DO) Access: User read-only
Store: 0x180 (DO) BDM read-only
31 30 29 28 ‘ 27 26 25 24 23 22 21 20 19 18 17 16
R PF VER REV
we | [ ] [ 1] L [ [ [ ]
Reset 1 1 0 0 1 1 1 1 0 0 1 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| MAC | DIV |EMAC| FPU 0 0 0 0 ISA DEBUG
w [ [ ] [ [ |
Reset O 1 1 0 0 0 0 1 0 0 0 0 0
Figure 3-18. DO Hardware Configuration Info
Table 3-9. DO Hardware Configuration Info Field Description
Field Description
31-24 | Processor family. This field is fixed to a hex value of OxCF indicating a ColdFire core is present.
PF
23-20 | ColdFire core version number. Defines the hardware microarchitecture version of ColdFire core.
VER |0001 V1 ColdFire core
0010 V2 ColdFire core (This is the value used for this device.)
0011 V3 ColdFire core
0100 V4 ColdFire core
0101 V5 ColdFire core
Else Reserved for future use
19-16 | Processor revision number. The default is 0b0000.
REV
15 MAC present. This bit signals if the optional multiply-accumulate (MAC) execution engine is present in processor core.
MAC |0 MAC execute engine not present in core. (This is the value used for this device.)
1 MAC execute engine is present in core.
14 Divide present. This bit signals if the hardware divider (DIV) is present in the processor core.
DIV |0 Divide execute engine not present in core.
1 Divide execute engine is present in core. (This is the value used for this device.)
13 EMAC present. This bit signals if the optional enhanced multiply-accumulate (EMAC) execution engine is present in
EMAC | processor core.
0 EMAC execute engine not present in core.
1 EMAC execute engine is present in core. (This is the value used for this device.)
12 FPU present. This bit signals if the optional floating-point (FPU) execution engine is present in processor core.
FPU |0 FPU execute engine not present in core. (This is the value used for this device.)
1 FPU execute engine is present in core.
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ColdFire Core

Table 3-9. DO Hardware Configuration Info Field Description (continued)

Field

Description

-8 Reserved.

7-4 | ISA revision. Defines the instruction-set architecture (ISA) revision level implemented in ColdFire processor core.
ISA | 0000 ISA_A

0001 ISA_B

0010 ISA_C

1000 ISA_A+ (This is the value used for this device.)

Else Reserved

Else

3-0 | Debug module revision number. Defines revision level of the debug module used in the ColdFire processor core.
DEBUG | 0000 DEBUG_A
0001 DEBUG_B
0010 DEBUG_C
0011 DEBUG_D
0100 DEBUG_E
1001 DEBUG_B+
1011 DEBUG_D+
1111 DEBUG_D+PST Buffer
Reserved

Information loaded into D1 defines the local memory hardware configuration as shown in the figure below.

BDM: Load: Ox1 (D1)
Store: 0x1 (D1)

Access: User read-only
BDM read-only

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R CLSz CCAS CCSZz FLASHSZ 0 0 0
W
15 14 13 12 11 10 7 6 5 4 3 2 1
R MBSZ UCAS 0 0 0 0 SRAMSZ 0 0 0
w
Figure 3-19. D1 Hardware Configuration Info
Table 3-10. D1 Hardware Configuration Information Field Description
Field Description
31-30 Cache line size. This field is fixed to a hex value of 0x0 indicating a 16-byte cache line size.
CLSzZ
29-28 Configurable cache associativity.
CCAS 00  Four-way
01 Direct mapped (This is the value used for this device)
Else Reserved for future use
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Table 3-10. D1 Hardware Configuration Information Field Description (continued)

ColdFire Core

Field

Description

27-24
CCsz

Configurable cache size. Indicates the amount of instruction/data cache.The cache configuration options available
are 50% instruction/50% data, 100% instruction, or 100% data, and are specified in the CACR register.

0000 No configurable cache
0001 512 B configurable cache
0010 1 KB configurable cache
0011 2 KB configurable cache
0100 4 KB configurable cache
0101 8 KB configurable cache
0110 16 KB configurable cache
0111 32 KB configurable cache
Else Reserved

23-19
FLASHSZ

Flash bank size.

00000-01110 No flash

10000 64 KB flash

10010 128 KB flash

10011 96 KB flash

10100 256 KB flash

10110 512 KB flash

Else Reserved for future use

18-16

Reserved

15-14
MBSZ

Bus size. Defines the width of the ColdFire master bus datapath.

00  32-bit system bus datapath (This is the value used for this device)
01  64-bit system bus datapath

Else Reserved

13-8

Reserved, resets to 0b01_0000

7-3
SRAMSZ

SRAM bank size.
00000 No SRAM
00010 512 bytes
00100 1 KB
00110 2 KB
01000 4 KB
01010 8 KB
01100 16 KB
01111 24 KB
01110 32 KB
10000 64 KB
10010 128 KB
Else Reserved for future use

2-0

Reserved.

3.35

Instruction Execution Timing

This section presents processor instruction execution times in terms of processor-core clock cycles. The
number of operand references for each instruction is enclosed in parentheses following the number of

processor clock cycles. Each timing entry is presented as C(R/W) where:

» Cisthe number of processor clock cycles, including all applicable operand fetches and writes, and

all internal core cycles required to complete the instruction execution.

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

3-25

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



ColdFire Core

R/W is the number of operand reads (R) and writes (W) required by the instruction. An operation
performing a read-modify-write function is denoted as (1/1).

This section includes the assumptions concerning the timing values and the execution time details.

3.35.1 Timing Assumptions

For the timing data presented in this section, these assumptions apply:

1.

4.

The OEP is loaded with the opword and all required extension words at the beginning of each
instruction execution. This implies that the OEP does not wait for the IFP to supply opwords and/or
extension words.

The OEP does not experience any sequence-related pipeline stalls. The most common example of
stall involves consecutive store operations, excluding the MOVEM instruction. For all STORE
operations (except MOVEM), certain hardware resources within the processor are marked as busy
for two clock cycles after the final decode and select/operand fetch cycle (DSOC) of the store
instruction. If a subsequent STORE instruction is encountered within this 2-cycle window, it is
stalled until the resource again becomes available. Thus, the maximum pipeline stall involving
consecutive STORE operations is two cycles. The MOVEM instruction uses a different set of
resources and this stall does not apply.

The OEP completes all memory accesses without any stall conditions caused by the memory itself.
Thus, the timing details provided in this section assume that an infinite zero-wait state memory is
attached to the processor core.

All operand data accesses are aligned on the same byte boundary as the operand size; for example,
16-bit operands aligned on 0-modulo-2 addresses, 32-bit operands aligned on 0-modulo-4
addresses.

The processor core decomposes misaligned operand references into a series of aligned accesses as
shown in Table 3-11.

Table 3-11. Misaligned Operand References

) . Bus Additional
address[1:0] Size Operations CRW)

Olorl1l Word Byte, Byte 2(1/0) if read
1(0/1) if write
Olorll Long Byte, Word, 3(2/0) if read
Byte 2(0/2) if write
10 Long Word, Word 2(1/0) if read
1(0/1) if write

3.35.2 MOVE Instruction Execution Times
Table 3-12 lists execution times for MOVE.{B,W?} instructions; Table 3-13 lists timings for MOVE.L.

NOTE

For all tables in this section, the execution time of any instruction using the
PC-relative effective addressing modes is the same for the comparable
An-relative mode.
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ColdFire Core

ET with {<ea> = (d16,PC)} equals ET with {<ea> = (d16,An)}
ET with {<ea> = (d8,PC,Xi*SF)} equals ET with {<ea> = (d8,An,Xi*SF)}

The nomenclature xxx.wl refers to both forms of absolute addressing, xxx.w

and xxx.l.
Table 3-12. MOVE Byte and Word Execution Times
Destination
Source
Rx (AX) (Ax)+ -(AX) (d16,Ax) | (d8,AX,Xi*SF) XXX.WI
Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
(Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1)) 3(1/1)
(Ay)+ 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1)) 3(1/1)
-(Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1)) 3(1/1)
(d16,Ay) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8, Ay, Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1) — — —
XXX.W 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
XXx.| 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
(d16,PC) 3(1/0) 3(1/1) 3(1/1) 3(1/1) 3(1/1) — —
(d8,PC,Xi*SF) 4(1/0) 4(1/1) 4(1/1) 4(1/1)) — — —
XXX 1(0/0) 3(0/1) 3(0/1) 3(0/1) — — —
Table 3-13. MOVE Long Execution Times
Destination
Source
Rx (AX) (Ax)+ -(AX) (d16,Ax) | (d8,Ax,Xi*SF) XXX.WI
Dy 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
Ay 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1)
(Ay) 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) 3(1/1) 2(1/1)
(Ay)+ 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) 3(1/1) 2(1/1)
-(Ay) 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) 3(1/1) 2(1/1)
(d16,Ay) 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) — —
(d8, Ay, Xi*SF) 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
XXX.W 2(1/0) 2(1/1) 2(1/1) 2(1/1) — — —
XXX.| 2(1/0) 2(1/1) 2(1/1) 2(1/1) — — —
(d16,PC) 2(1/0) 2(1/1) 2(1/1) 2(1/1) 2(1/1) — —
(d8,PC,Xi*SF) 3(1/0) 3(1/1) 3(1/1) 3(1/1) — — —
#XXX 1(0/0) 2(0/1) 2(0/1) 2(0/1) — — —
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ColdFire Core

3.3.5.3 Standard One Operand Instruction Execution Times
Table 3-14. One Operand Instruction Execution Times
Effective Address
Opcode | <EA>
Rn (An) (An)+ -(An) (d16,An) |(d8,An,Xn*SF) | xxx.wl H#XXX
BITREV | Dx 1(0/0) — — — — — — —
BYTEREV| Dx 1(0/0) — — — — — — —
CLRB | <ea> | 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
CLRW | <ea> | 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
CLRL | <ea> | 1(0/0) 1(0/1) 1(0/1) 1(0/1) 1(0/1) 2(0/1) 1(0/1) —
EXT.W Dx 1(0/0) — — — — — — —
EXT.L Dx 1(0/0) — — — — — — —
EXTB.L Dx 1(0/0) — — — — — — —
FF1 Dx 1(0/0) — — — — — — —
NEG.L Dx 1(0/0) — — — — — — —
NEGX.L | Dx 1(0/0) — — — — — — —
NOT.L Dx 1(0/0) — — — — — — —
scc Dx 1(0/0) — — — — — — —
SWAP Dx 1(0/0) — — — — — — —
TSTB | <ea> | 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
TSTW | <ea> | 1(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
TSTL | <ea> | 1(0/0) 2(1/0) 2(1/0) 2(1/0) 2(1/0) 3(1/0) 2(1/0) 1(0/0)
3.354 Standard Two Operand Instruction Execution Times
Table 3-15. Two Operand Instruction Execution Times
Effective Address
Opeode EA Rn (An) (An)+ -(An) 8%2?8 Eggégig:gg XXX.WI H#XXX
ADD.L <ea>Rx | 1(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) 4(1/0) 3(1/0) | 1(0/0)
ADD.L Dy,<ea> — 3(1/1) 3(1/1) 3(1/1) 3(1/1) 4(1/1) 3(1/1) —
ADDIL | #mmDx | 1(0/0) — — — — — — —
ADDQ.L | #imm,<ea> | 1(0/0) | 3(1/1) | 3(1/1) | 3(1/1) | 3(1/1) 4(1/1) 3(1/1) —
ADDX.L Dy,Dx 1(0/0) — — — — — — —
AND.L <ea>,Rx 1(0/0) | 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 1(0/0)
AND.L Dy,<ea> — 3(1/1) | 3(1/1) | 3(1/1) | 3(1/1) 4(1/1) 3(1/1) —
ANDIL | #mm,Dx | 1(0/0) — — — — — — —
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Table 3-15. Two Operand Instruction Execution Times (continued)

ColdFire Core

Effective Address
Opeode | <FA> Rn | (an) | an)+ | -(an) Egig:ﬁg égg:é&igzgg ooxwl | #xxx
ASL.L <ea>,Dx 1(0/0) — — — — — — 1(0/0)
ASRL | <ea>Dx | 10/0) | — — — — — — | 100
BCHG | Dy<ea> | 2(00) | 4(L/1) | 4(/1) | 41) | 4@ 5(1/1) AUy | —
BCHG | #imm,<ea> | 2(0/0) | 4(1/1) | 4(1/1) | 4(U1) | 4@ — — —
BCLR | Dy<ea> | 2(000) | 4(U1) | 4/1) | 4@y | 4@ 5(1/1) AUy | —
BCLR | #imm.<ea> | 2(000) | 4(U1) | 4(U1) | 4@W1) | 4@ — — —
BSET | Dy<ea> | 2(00) | 4(U/1) | 4(/1) | 4U1) | 4@ 5(1/1) Ay | —
BSET | #imm<ea> | 2(0/0) | 4(U/1) | 4(1/1) | 4(U1) | 4@ — — —
BTST | Dy<ea> | 2(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) 4(100) 3W0) | —
BTST | #imm,<ea> | 1(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) — — —
CMPL | <ea>Rx | 1(0/0) | 3(1/0) | 3(1/0) | 3(1/0) | 3(1/0) 4(100) 310) | 1(000)
CMPIL | #mmpDx | 1(000) | — — — — — — —
DIVSW | <ea>Dx | 20(0/0) | 23(1/0) | 23(1/0) | 23(1/0) | 23(1/0) |  24(1/0) | 23(1/0) | 20(0/0)
DIVUW | <ea>Dx | 20(0/0) | 23(1/0) | 23(1/0) | 23(1/0) | 23(1/0) |  24(1/0) | 23(1/0) | 20(0/0)
DIVSL | <ea>,Dx |<35(0/0) | <38(1/0) | <38(1/0) | <38(1/0) | <38(1/0) — — —
DIVUL | <ea>Dx |<35(0/0)|<38(1/0) | <38(1/0) | <38(1/0) | <38(1/0) — — —
EORL | Dy<ea> | 1(000) | 3(1) | 3@1) | 3@ | 3@a) 41) W) | —
EORIL | #mmpDx | 1000) | — — — — — — —
LEA | <ea>Ax | — | 100) | — — | 100 2(0/0) 100) | —
LSLL | <ea>Dx | 1(000) | — — — — — — | 100
LSRL | <ea>Dx | 1000) | — — — — — — | 100
MOVEQ.L | #imm,Dx — — — — — — —_ 1(0/0)
ORL | <ea>Rx | 1(0/0) | 3(1/0) | 3(10) | 3(/0) | 3(1/0) 4(100) 3(1/0) | 1(0/0)
ORL | Dy<ea> | — | 3@y | 3@y | 3wy | 3@y a(1) 3wy | —
ORIL | #mmpDx | 1(000) | — _ _ _ _ _ —
REMSL | <ea>,Dx |<35(0/0) | <38(1/0) | <38(1/0) | <38(1/0) | <38(1/0) — — —
REMUL | <ea>Dx |<35(0/0) | <38(1/0) | <38(1/0) | <38(L/0) | <38(1/0) — — —
SUBL | <ea>Rx | 1(0/0) | 3(U0) | 3(1/0) | 3(/0) | 3(1/0) 4(1/0) 3(1/0) | 1(0/0)
SUBL | Dy<ea> | — | 3@y | 3@/ | 3@y | @) A1) W) | —
SUBLL | #mmpDx | 1000) | — — — — — — —
SUBQL | #imm<ea> | 1(000) | 3(/1) | 3/ | 3@1) | 3a) A1) 1) | —
SUBXL | DyDx | 100) | — — — — — — —
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3.3.55 Miscellaneous Instruction Execution Times
Table 3-16. Miscellaneous Instruction Execution Times
Effective Address
Opcode <EA>
Rn (An) (An)+ -(An) (d16,An) [(d8,An,Xn*SF)| xxx.wl #XXX
CPUSHL (AX) — 11(0/1) — — — — — —
LINK.W | Ay#imm 2(0/1) — — — — — — —
MOVE.L | Ay,USP 3(0/0) — — — — — — —
MOVE.L | USPAXx 3(0/0) — — — — — — —
MOVE.W | CCR,Dx 1(0/0) — — — — — — —
MOVE.W | <ea>,CCR | 1(0/0) — — — — — — 1(0/0)
MOVE.W | SR,Dx 1(0/0) — — — — — — —
MOVE.W | <ea>SR | 7(0/0) — — — — — — 7(0/0) ?
MOVEC Ry,Rc 9(0/1) — — — — — — —
MOVEM.L | <ea>,and — 1+n(n/0) — — 1+n(n/0) — — —
list
MOVEM.L and — 1+n(0/n) — — 1+n(0/n) — — —
list,<ea>
NOP 3(0/0) — — — — — — —
PEA <ea> — 2(0/1) — — 2(0/1) 4 3(0/1) ° 2(0/1) —
PULSE 1(0/0) — — — — — — —
STLDSR #Hmm — — — — — — — 5(0/1)
STOP #mm — — — — — — — 3(0/0) 3
TRAP #Hmm — — — — — — — 15(1/2)
TPF 1(0/0) — — — — — — —
TPEW 1(0/0) — — — — — — —
TPFL 1(0/0) — — — — — — —
UNLK AX 2(1/0) — — — — — — —
WDDATA <ea> — 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) —
WDEBUG | <ea> — 5(2/0) — — 5(2/0) — — —

1The n is the number of registers moved by the MOVEM opcode.
2If a MOVE.W #imm,SR instruction is executed and imm[13] equals 1, the execution time is 1(0/0).

3The execution time for STOP is the time required until the processor begins sampling continuously for interrupts.
4PEA execution times are the same for (d16,PC).

SPEA execution times are the same for (d8,PC,Xn*SF).
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3.35.6 EMAC Instruction Execution Times

Table 3-17. EMAC Instruction Execution Times

Effective Address

Opcode <EA> (d8.An
Rn (An) | (An)+ | -(An) |(d16,An) Xn*:SF)’ XXX.WI | #xxx
MAC.L Ry, Rx, Raccx 1(0/0) — — — — — — —
MAC.L | Ry, Rx, <ea>, Rw, Raccx | — (2/0) (1/0) (2/0) (1/0)1 — — —
MAC.W Ry, Rx, Raccx 1(0/0) — — — — — — —
MAC.W | Ry, Rx, <ea>, Rw, Raccx | — (2/0) (2/0) (2/0) (1/0)1 — — —
MOVE.L <ea>y, Raccx 1(0/0) — — — — — — 1(0/0)
MOVE.L Raccy,Raccx 1(0/0) — — — — — — —
MOVE.L <ea>y, MACSR 5(0/0) | — — — — — — | 5(0/0)
MOVE.L <ea>y, Rmask 4(0/0) | — — — — — — | 4(0/0)
MOVE.L <ea>y,RaccextO1 1(0/0) — — — — — — 1(0/0)
MOVE.L <ea>y,Raccext23 1(0/0) — — — — — — 1(0/0)
MOVE.L Raccx,<ea>X 1(0/02| — — — — — — _
MOVE.L MACSR,<ea>x 10/0) | — — — — — — —
MOVE.L Rmask, <ea>x 1(0/0) — — — — — — —
MOVE.L Raccext01,<ea.x 1(0/0) — — — — — — —
MOVE.L Raccext23,<ea>x 1(0/0) — — — — — — —
MSAC.L Ry, Rx, Raccx 1(0/0) — — — — — — —
MSAC.W Ry, Rx, Raccx 1(0/0) — — — — — — —
MSAC.L | Ry, Rx, <ea>, Rw, Raccx | — (2/0) (2/0) (2/0) (1/0)1 — — —
MSAC.W | Ry, Rx, <ea>, Rw, Raccx | — (2/0) (2/0) (1/0) (1/0)1 — — —
MULS.L <ea>y, Dx 4(0/0) | (1/0) | (1/0) | (1/0) | (1/0) — — —
MULS.W <ea>y, Dx 4(0/0) | (1/0) | (1/0) | (1/0) (1/0) (1/0) (1/0) | 4(0/0)
MULU.L <ea>y, Dx 4(0/0) | (1/0) | (1/0) | (1/0) | (1/0) — — —
MULU.W <ea>y, Dx 4(0/0) | (1/0) | (1/0) | (1/0) (1/0) (1/0) (1/0) | 4(0/0)

1 Effective address of (d16,PC) not supported

2 Storing an accumulator requires one additional processor clock cycle when saturation is enabled, or fractional
rounding is performed (MACSR([7:4] equals 1---, -11-, --11)
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NOTE

The execution times for moving the contents of the Racc, Raccext[01,23],
MACSR, or Rmask into a destination location <ea>x shown in this table
represent the best-case scenario when the store instruction is executed and
there are no load or M{S}AC instructions in the EMAC execution pipeline.
In general, these store operations require only a single cycle for execution,
but if preceded immediately by a load, MAC, or MSAC instruction, the
depth of the EMAC pipeline is exposed and the execution time is four
cycles.

3.35.7 Branch Instruction Execution Times

Table 3-18. General Branch Instruction Execution Times

Effective Address
Opcode | <EA> Rn (An) (An)+ -(An) Egig'sg Eggﬁgi:igg XXX.WI XXX
BRA — — — — 2(0/1) — — —
BSR — — — — 3(0/1) — — —
JMP <ea> — 3(0/0) — — 3(0/0) 4(0/0) 3(0/0) —
JSR <ea> — 3(0/1) — — 3(0/1) 4(0/1) 3(0/1) —
RTE — — 10(2/0) — — — — —
RTS — — 5(1/0) — — — — —
Table 3-19. Bcc Instruction Execution Times
Opcode Forward Forward Backward Backward
Taken Not Taken Taken Not Taken
Bcc 3(0/0) 1(0/0) 2(0/0) 3(0/0)
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Chapter 4
Enhanced Multiply-Accumulate Unit (EMAC)

4.1 Introduction

This chapter describes the functionality, microarchitecture, and performance of the enhanced
multiply-accumulate (EMAC) unit in the ColdFire family of processors.

41.1 Overview

The EMAC design provides a set of DSP operations that can improve the performance of embedded code
while supporting the integer multiply instructions of the baseline ColdFire architecture.
The MAC provides functionality in three related areas:

1. Signed and unsigned integer multiplication

2. Multiply-accumulate operations supporting signed and unsigned integer operands as well as
signed, fixed-point, and fractional operands

3. Miscellaneous register operations

The ColdFire family supports two MAC implementations with different performance levels and
capabilities. The original MAC features a three-stage execution pipeline optimized for 16-bit operands,
with a 16x16 multiply array and a single 32-bit accumulator. The EMAC features a four-stage pipeline
optimized for 32-bit operands, with a fully pipelined 32 x 32 multiply array and four 48-bit accumulators.

The first ColdFire MAC supported signed and unsigned integer operands and was optimized for 16x16
operations, such as those found in applications including servo control and image compression. As
ColdFire-based systems proliferated, the desire for more precision on input operands increased. The result
was an improved ColdFire MAC with user-programmable control to optionally enable use of fractional
input operands.

EMAC improvements target three primary areas:

» Improved performance of 32 x 32 multiply operation.

» Addition of three more accumulators to minimize MAC pipeline stalls caused by exchanges
between the accumulator and the pipeline’s general-purpose registers

» A 48-bit accumulation data path to allow a 40-bit product, plus 8 extension bits increase the
dynamic number range when implementing signal processing algorithms

The three areas of functionality are addressed in detail in following sections. The logic required to support
this functionality is contained in a MAC module (Figure 4-1).
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Enhanced Multiply-Accumulate Unit (EMAC)

Operand Y Operand X

Shift 0,1,-1

| Accumulator(s)

Y
Figure 4-1. Multiply-Accumulate Functionality Diagram

4.1.1.1 Introduction to the MAC

The MAC is an extension of the basic multiplier in most microprocessors. It is typically implemented in
hardware within an architecture and supports rapid execution of signal processing algorithms in fewer
cycles than comparable non-MAC architectures. For example, small digital filters can tolerate some
variance in an algorithm’s execution time, but larger, more complicated algorithms such as orthogonal
transforms may have more demanding speed requirements beyond scope of any processor architecture and
may require full DSP implementation.

To balance speed, size, and functionality, the ColdFire MAC is optimized for a small set of operations that
involve multiplication and cumulative additions. Specifically, the multiplier array is optimized for
single-cycle pipelined operations with a possible accumulation after product generation. This functionality
is common in many signal processing applications. The ColdFire core architecture is also modified to
allow an operand to be fetched in parallel with a multiply, increasing overall performance for certain DSP
operations.

Consider a typical filtering operation where the filter is defined as in Equation 4-1.

N-1 N-1
y(i) = Za(k)y(i—k)+ Zb(k)x(i—k) Eqn. 4-1
k=1 k=0

Here, the output y(i) is determined by past output values and past input values. This is the general form of
an infinite impulse response (IIR) filter. A finite impulse response (FIR) filter can be obtained by setting
coefficients a(k) to zero. In either case, the operations involved in computing such a filter are multiplies
and product summing. To show this point, reduce Equation 4-1 to a simple, four-tap FIR filter, shown in
Equation 4-2, in which the accumulated sum is a past data values and coefficients sum.
3
y(i) = Z b(k)x(i—k) = b(0)x(i) + b(L)x(i—21)+b(2)x(i—2) +b(3)x(i-3) Eqn. 4-2

k=0
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Enhanced Multiply-Accumulate Unit (EMAC)

4.2  Memory Map/Register Definition

The following table and sections explain the MAC registers:
Table 4-1. EMAC Memory Map

BDM?® Register \?kl)ll?;;] Access | Reset Value | Section/Page
0x804 MAC Status Register (MACSR) 32 R/W | 0x0000_0000 4.2.1/4-3
0x805 MAC Address Mask Register (MASK) 32 R/W | OXFFFF_FFFF 4.2.2/4-5
0x806 MAC Accumulator 0 (ACCO) 32 R/W Undefined 4.2.3/4-7
0x807 MAC Accumulator 0,1 Extension Bytes (ACCext01) 32 R/W Undefined 4.2.4/4-7
0x808 MAC Accumulator 2,3 Extension Bytes (ACCext23) 32 R/W Undefined 4.2.4/4-7
0x809 MAC Accumulator 1 (ACC1) 32 R/W Undefined 4.2.3/4-7
0x80A MAC Accumulator 2 (ACC2) 32 R/W Undefined 4.2.3/4-7
0x80B MAC Accumulator 3 (ACC3) 32 R/W Undefined 4.2.3/4-7

1 The values listed in this column represent the Rc field used when accessing the core registers via the BDM port. For more
information see Chapter 31, “Debug Module.”

4.2.1 MAC Status Register (MACSR)

The MAC status register (MACSR) contains a 4-bit operational mode field and condition flags.
Operational mode bits control whether operands are signed or unsigned and whether they are treated as
integers or fractions. These bits also control the overflow/saturation mode and the way in which rounding
is performed. Negative, zero, and multiple overflow condition flags are also provided.

BDM: 0x804 (MACSR) Access: Supervisor read/write
BDM read/write

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

rR|ojo0f0f0(0j0|0|0|0|0O|0O|O|O|O|O|O|O|O|O|O
W

PAVN OMC|SU| FIl |RIT|N|Z |V |EV

Reset 0 0O 0 0O|O O O O|O O O O|O OOOOOOOO0OOODG O O 0O O O0|0 o O O
Figure 4-2. MAC Status Register (MACSR)
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Enhanced Multiply-Accumulate Unit (EMAC)

Table 4-2. MACSR Field Descriptions

Field

Description

31-12

Reserved, must be cleared.

11-8
PAVN

Product/accumulation overflow flags. Contains four flags, one per accumulator, that indicate if past MAC or
MSAC instructions generated an overflow during product calculation or the 48-bit accumulation. When a
MAC or MSAC instruction is executed, the PAVn flag associated with the destination accumulator forms the
general overflow flag, MACSR][V]. Once set, each flag remains set until V is cleared by a move.l, MACSR
instruction or the accumulator is loaded directly.

Bit 11: Accumulator 3

Bit 8: Accumulator O

OoMC

Overflow saturation mode. Enables or disables saturation mode on overflow. If set, the accumulator is set
to the appropriate constant (see S/U field description) on any operation that overflows the accumulator.
After saturation, the accumulator remains unaffected by any other MAC or MSAC instructions until the
overflow bit is cleared or the accumulator is directly loaded.

S/U

Signed/unsigned operations.
In integer mode:

S/U determines whether operations performed are signed or unsigned. It also determines the accumulator

value during saturation, if enabled.

0 Signed numbers. On overflow, if OMC is enabled, an accumulator saturates to the most positive
(OX7FFF_FFFF) or the most negative (0x8000_0000) number, depending on the instruction and the
product value that overflowed.

1 Unsigned numbers. On overflow, if OMC is enabled, an accumulator saturates to the smallest value
(0x0000_0000) or the largest value (OXFFFF_FFFF), depending on the instruction.

In fractional mode:

S/U controls rounding while storing an accumulator to a general-purpose register.

0 Move accumulator without rounding to a 16-bit value. Accumulator is moved to a general-purpose
register as a 32-bit value.

1 The accumulator is rounded to a 16-hit value using the round-to-nearest (even) method when moved to
a general-purpose register. See Section 4.3.1.1, “Rounding”. The resulting 16-bit value is stored in the
lower word of the destination register. The upper word is zero-filled. This rounding procedure does not
affect the accumulator value.

F/

Fractional/integer mode. Determines whether input operands are treated as fractions or integers.

0 Integers can be represented in signed or unsigned notation, depending on the value of S/U.

1 Fractions are represented in signed, fixed-point, two’s complement notation. Values range from -1 to
1 - 215 for 16-hit fractions and -1 to 1 - 23! for 32-bit fractions. See Section 4.3.4, “Data
Representation.”

RIT

Round/truncate mode. Controls rounding procedure for move.l ACCx,Rx, or MSAC.L instructions when

in fractional mode.

0 Truncate. The product’s Isbs are dropped before it is combined with the accumulator. Additionally, when
a store accumulator instruction is executed (move.l ACCx,Rx), the 8 Isbs of the 48-bit accumulator
logic are truncated.

1 Round-to-nearest (even). The 64-bit product of two 32-bit, fractional operands is rounded to the nearest
40-bit value. If the low-order 24 bits equal 0x80_0000, the upper 40 bits are rounded to the nearest even
(Isb = 0) value. See Section 4.3.1.1, “Rounding”. Additionally, when a store accumulator instruction is
executed (move .l ACCx,Rx), the Isbs of the 48-bit accumulator logic round the resulting 16- or 32-bit
value. If MACSR[S/U] is cleared and MACSR[R/T] is set, the low-order 8 bits are used to round the
resulting 32-bit fraction. If MACSR[S/U] is set, the low-order 24 bits are used to round the resulting 16-bit
fraction.
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Enhanced Multiply-Accumulate Unit (EMAC)

Table 4-2. MACSR Field Descriptions (continued)

Field Description

Negative. Set if the msb of the result is set, otherwise cleared. N is affected only by MAC, MSAC, and load
operations; it is not affected by MULS and MULU instructions.

Zero. Set if the result equals zero, otherwise cleared. This bit is affected only by MAC, MSAC, and load
operations; it is not affected by MULS and MULU instructions.

Overflow. Set if an arithmetic overflow occurs on a MAC or MSAC instruction, indicating that the result
cannot be represented in the limited width of the EMAC. V is set only if a product overflow occurs or the
accumulation overflows the 48-bit structure. V is evaluated on each MAC or MSAC operation and uses the
appropriate PAVn flag in the next-state V evaluation.

<PkRP|NN|lZ®

0 Extension overflow. Signals that the last MAC or MSAC instruction overflowed the 32 Isbs in integer mode
EV or the 40 Isbs in fractional mode of the destination accumulator. However, the result remains accurately
represented in the combined 48-bit accumulator structure. Although an overflow has occurred, the correct
result, sign, and magnitude are contained in the 48-bit accumulator. Subsequent MAC or MSAC operations
may return the accumulator to a valid 32/40-bit result.

Table 4-3 summarizes the interaction of the MACSR[S/U,F/1,R/T] control bits.
Table 4-3. Summary of S/U, F/I, and R/T Control Bits

SIU| FIl | RIT Operational Modes

0 0 X | Signed, integer

0 1 0 | Signed, fractional
Truncate on MAC.L and MSAC.L
No round on accumulator stores

0 1 1 | Signed, fractional
Round on MAC.L and MSAC.L
Round-to-32-bits on accumulator stores

1 0 X | Unsigned, integer

1 1 0 | Signed, fractional
Truncate on MAC.L and MSAC.L
Round-to-16-bits on accumulator stores

1 1 1 | Signed, fractional
Round on MAC.L and MSAC.L
Round-to-16-bits on accumulator stores

4.2.2 Mask Register (MASK)

The 32-bit MASK implements the low-order 16 bits to minimize the alignment complications involved
with loading and storing only 16 bits. When the MASK is loaded, the low-order 16 bits of the source
operand are actually loaded into the register. When it is stored, the upper 16 bits are all forced to ones.

This register performs a simple AND with the operand address for MAC instructions. The processor
calculates the normal operand address and, if enabled, that address is then ANDed with {OxFFFF,
MASK]15:0]} to form the final address. Therefore, with certain MASK bits cleared, the operand address
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Enhanced Multiply-Accumulate Unit (EMAC)

can be constrained to a certain memory region. This is used primarily to implement circular queues with
the (An)+ addressing mode.

This minimizes the addressing support required for filtering, convolution, or any routine that implements
a data array as a circular queue. For MAC + MOVE operations, the MASK contents can optionally be
included in all memory effective address calculations. The syntax is as follows:

mac.sz Ry,RxSF,<ea>yé&,Rw

The & operator enables the MASK use and causes bit 5 of the extension word to be set. The exact
algorithm for the use of MASK is:

if extension word, bit [5] = 1, the MASK bit, then
if <ea> = (An)
oa = An & {OXFFFF, MASK}

if <ea> = (An)+
oa = An
An = (An + 4) & {OxFFFF, MASK}

o
QO
|
n
>
=
I

4) & {OXFFFF, MASK}
4) & {OXFFFF, MASK}

>
=)
I
~
>
=
I

if <ea> = (d16,An)
oa = (An + se_d16) & {OxFFFFOx, MASK}
Here, oa is the calculated operand address and se_d16 is a sign-extended 16-bit displacement. For
auto-addressing modes of post-increment and pre-decrement, the updated An value calculation is also
shown.

Use of the post-increment addressing mode, {(An)+} with the MASK is suggested for circular queue
implementations.

BDM: 0x805 (MASK) Access: User read/write
BDM read/write

3130292827262524232221201918171615141312‘11109 8‘7 6 5 4‘3 2 10
Ri1j1f1|1j1j1f1|1j1f1j1j1j1y1|1j1

MASK
W

Resetl1111111111111111111‘1111‘1111‘1111
Figure 4-3. Mask Register (MASK)

Table 4-4. MASK Field Descriptions

Field Description

31-16 Reserved, must be set.

15-0 Performs a simple AND with the operand address for MAC instructions.
MASK
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Enhanced Multiply-Accumulate Unit (EMAC)

4.2.3 Accumulator Registers (ACC0-3)

The accumulator registers store 32-bits of the MAC operation result. The accumulator extension registers

form the entire 48-bit result.

BDM: 0x806 (ACCO) Access: User read/write
0x809 (ACC1) BDM read/write
0x80A (ACC2)

0x80B (ACC3)

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
Accumulator
W
e R e e e R S
Figure 4-4. Accumulator Registers (ACC0-3)
Table 4-5. ACCO-3 Field Descriptions
Field Description
31-0 Store 32-bits of the result of the MAC operation.
Accumulator

4.2.4 Accumulator Extension Registers (ACCext01, ACCext23)

Each pair of 8-bit accumulator extension fields are concatenated with the corresponding 32-bit

accumulator register to form the 48-bit accumulator. For more information, see Section 4.3, “Functional

Description.”
BDM: 0x807 (ACCext01) Access: User read/write
BDM read/write
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 ACCOU ACCOL ACC1U ACC1L
Reset - — — —|- — - —|- - - - - - - -]---- - ------- - - - -
Figure 4-5. Accumulator Extension Register (ACCext01)
Table 4-6. ACCext01 Field Descriptions
Field Description
31-24 Accumulator 0 upper extension byte
ACCOU
23-16 Accumulator 0 lower extension byte
ACCOL
15-8 Accumulator 1 upper extension byte
ACC1U
7-0 Accumulator 1 lower extension byte
ACCI1L
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Enhanced Multiply-Accumulate Unit (EMAC)

BDM: 0x808 (ACCext23) Access: User read/write
BDM read/write
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 10
R
W ACC2U ACC2L ACC3U ACC3L
Reset — — — —[- — = —[- = - - - - - -]-=-=-- - - - =[- - - - - - - -
Figure 4-6. Accumulator Extension Register (ACCext23)
Table 4-7. ACCext23 Field Descriptions
Field Description
31-24 Accumulator 2 upper extension byte
ACC2U
23-16 Accumulator 2 lower extension byte
ACC2L
15-8 Accumulator 3 upper extension byte
ACC3U
7-0 Accumulator 3 lower extension byte
ACC3L

4.3  Functional Description

The MAC speeds execution of ColdFire integer-multiply instructions (MULS and MULU) and provides
additional functionality for multiply-accumulate operations. By executing MULS and MULU inthe MAC,
execution times are minimized and deterministic compared to the 2-bit/cycle algorithm with early
termination that the OEP normally uses if no MAC hardware is present.

The added MAC instructions to the ColdFire ISA provide for the multiplication of two numbers, followed
by the addition or subtraction of the product to or from the value in an accumulator. Optionally, the product
may be shifted left or right by 1 bit before addition or subtraction. Hardware support for saturation
arithmetic can be enabled to minimize software overhead when dealing with potential overflow conditions.
Multiply-accumulate operations support 16- or 32-bit input operands in these formats:

» Signed integers

* Unsigned integers

» Signed, fixed-point, fractional numbers
The EMAC is optimized for single-cycle, pipelined 32 x 32 multiplications. For word- and
longword-sized integer input operands, the low-order 40 bits of the product are formed and used with the
destination accumulator. For fractional operands, the entire 64-bit product is calculated and truncated or

rounded to the most-significant 40-bit result using the round-to-nearest (even) method before it is
combined with the destination accumulator.

For all operations, the resulting 40-bit product is extended to a 48-bit value (using sign-extension for
signed integer and fractional operands, zero-fill for unsigned integer operands) before being combined
with the 48-bit destination accumulator.
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Enhanced Multiply-Accumulate Unit (EMAC)

Figure 4-7 and Figure 4-8 show relative alignment of input operands, the full 64-bit product, the resulting
40-bit product used for accumulation, and 48-bit accumulator formats.

OperandY 32

X OperandX 2

Product 40 23 0
Extended Product ] 40
+
Accumulator 3 0 8
Extension Byte Upper [7:0] Accumulator [31:0] Extension Byte Lower [7:0]

Figure 4-7. Fractional Alignment

OperandY 3o
X OperandX ko
Product 24 b
Extended Product 3 3 2
+
Accumulator 8 B 2
Extension Byte Upper [7:0] Accumulator [31:0]

Extension Byte Lower [7:0]
Figure 4-8. Signed and Unsigned Integer Alignment

Therefore, the 48-bit accumulator definition is a function of the EMAC operating mode. Given that each
48-bit accumulator is the concatenation of 16-bit accumulator extension register (ACCextn) contents and
32-bit ACCn contents, the specific definitions are:
if MACSR[6:5] == 00 /* signed integer mode */

Complete Accumulator[47:0] = {ACCextn[15:0], ACCn[31:0]}
if MACSR[6:5] == 01 or 11 /* signed fractional mode */

Complete Accumulator [47:0] = {ACCextn[15:8], ACCn[31:0], ACCextn[7:0]}
if MACSR[6:5] == 10 /* unsigned integer mode */

Complete Accumulator[47:0] = {ACCextn[15:0], ACCn[31:0]}

The four accumulators are represented as an array, ACCn, where n selects the register.
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Enhanced Multiply-Accumulate Unit (EMAC)

Although the multiplier array is implemented in a four-stage pipeline, all arithmetic MAC instructions
have an effective issue rate of 1 cycle, regardless of input operand size or type.

All arithmetic operations use register-based input operands, and summed values are stored in an
accumulator. Therefore, an additional MOVE instruction is needed to store data in a general-purpose
register. One new feature in EMAC instructions is the ability to choose the upper or lower word of a
register as a 16-bit input operand. This is useful in filtering operations if one data register is loaded with
the input data and another is loaded with the coefficient. Two 16-bit multiply accumulates can be
performed without fetching additional operands between instructions by alternating word choice during
calculations.

The EMAC has four accumulator registers versus the MAC’s single accumulator. The additional registers
improve the performance of some algorithms by minimizing pipeline stalls needed to store an accumulator
value back to general-purpose registers. Many algorithms require multiple calculations on a given data set.
By applying different accumulators to these calculations, it is often possible to store one accumulator
without any stalls while performing operations involving a different destination accumulator.

The need to move large amounts of data presents an obstacle to obtaining high throughput rates in DSP
engines. Existing ColdFire instructions can accommodate these requirements. A MOVEM instruction can
efficiently move large data blocks by generating line-sized burst references. The ability to load an operand
simultaneously from memory into a register and execute a MAC instruction makes some DSP operations
such as filtering and convolution more manageable.

The programming model includes a mask register (MASK), which can optionally be used to generate an
operand address during MAC + MOVE instructions. The register application with auto-increment
addressing mode supports efficient implementation of circular data queues for memory operands.

4.3.1 Fractional Operation Mode

This section describes behavior when the fractional mode is used (MACSR[F/I] is set).

43.1.1 Rounding

When the processor is in fractional mode, there are two operations during which rounding can occur:

1. Execution of a store accumulator instruction (move.1 AcCx,Rx). The Isbs of the 48-bit accumulator
logic are used to round the resulting 16- or 32-bit value. If MACSR[S/U] is cleared, the low-order
8 bits round the resulting 32-bit fraction. If MACSR[S/U] is set, the low-order 24 bits are used to
round the resulting 16-bit fraction.

2. Execution of a MAC (or MSAC) instruction with 32-bit operands. If MACSR[R/T] is zero,
multiplying two 32-bit numbers creates a 64-bit product truncated to the upper 40 bits; otherwise,
it is rounded using round-to-nearest (even) method.

To understand the round-to-nearest-even method, consider the following example involving the rounding
of a 32-bit number, RO, to a 16-bit number. Using this method, the 32-bit number is rounded to the closest
16-bit number possible. Let the high-order 16 bits of RO be named R0.U and the low-order 16 bits be RO.L.

e |fRO.L is less than 0x8000, the result is truncated to the value of RO.U.
* If RO.L is greater than 0x8000, the upper word is incremented (rounded up).
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Enhanced Multiply-Accumulate Unit (EMAC)

« If RO.L is 0x8000, RO is half-way between two 16-bit numbers. In this case, rounding is based on
the Isb of RO.U, so the result is always even (Isb = 0).

— If the Isb of RO.U equals 1 and RO.L equals 0x8000, the number is rounded up.
— If the Isb of RO.U equals 0 and RO.L equals 0x8000, the number is rounded down.

This method minimizes rounding bias and creates as statistically correct an answer as possible.

The rounding algorithm is summarized in the following pseudocode:

if RO.L < 0x8000
then Result = RO.U

else if RO.L > 0x8000
then Result = RO.U + 1

else if Isb of RO.U = 0 /* RO.L = 0x8000 */
then Result = RO.U

else Result = RO.U + 1

The round-to-nearest-even technique is also known as convergent rounding.

4.3.1.2 Saving and Restoring the EMAC Programming Model

The presence of rounding logic in the EMAC output datapath requires special care during the EMAC’s
save/restore process. In particular, any result rounding modes must be disabled during the save/restore
process so the exact bit-wise contents of the EMAC registers are accessed. Consider the memory structure
containing the EMAC programming model:

struct macState {
int accO;
int accl;
int acc2;
int acc3;
int accextO0l;
int accext02;
int mask;
int macsr;

} macState;

The following assembly language routine shows the proper sequence for a correct EMAC state save. This
code assumes all Dn and An registers are available for use, and the memory location of the state save is
defined by A7.

EMAC_state_save:

move.l macsr,d7 ; save the macsr

cir.1 do ; zero the register to ...
move.l dO,macsr ; disable rounding in the macsr
move.l acc0,d0 ; save the accumulators

move.l accl,dl

move.l acc2,d2

move.l acc3,d3

move.l accext01l,d4 ; save the accumulator extensions
move.l accext23,d5

move.l mask,d6 ; save the address mask

movem. 1l #0x00FfF, (a7) ; move the state to memory

This code performs the EMAC state restore:

EMAC_state_restore:
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Enhanced Multiply-Accumulate Unit (EMAC)

movem.l (a7),#0x00ff ; restore the state from memory
move.l #0,macsr ; disable rounding in the macsr
move.l dO,accO ; restore the accumulators

move.l dl,accl

move.l d2,acc2

move.l d3,acc3

move.l d4,accextOl ; restore the accumulator extensions
move.l d5,accext23

move.l d6,mask ; restore the address mask

move.l d7,macsr ; restore the macsr

Executing this sequence type can correctly save and restore the exact state of the EMAC programming
model.

43.1.3 MULS/MULU

MULS and MULU are unaffected by fractional-mode operation; operands remain assumed to be integers.

4314 Scale Factor in MAC or MSAC Instructions

The scale factor is ignored while the MAC is in fractional mode.

4.3.2 EMAC Instruction Set Summary

Table 4-8 summarizes EMAC unit instructions.
Table 4-8. EMAC Instruction Summary

Command Mnemonic Description
Multiply Signed muls <ea>y,Dx Multiplies two signed operands yielding a signed result
Multiply Unsigned mulu <ea>y,Dx Multiplies two unsigned operands yielding an unsigned result
Multiply Accumulate mac Ry,RxSF,ACCx Multiplies two operands and adds/subtracts the product

msac Ry,RxSF,ACCx to/from an accumulator

Multiply Accumulate mac Ry,Rx,<ea>y,Rw,ACCx | Multiplies two operands and combines the product to an
with Load msac Ry,Rx,<ea>y,Rw,ACCx |accumulator while loading a register with the memory operand
Load Accumulator move.l {Ry,#imm},ACCx Loads an accumulator with a 32-bit operand
Store Accumulator move.l ACCx,Rx Writes the contents of an accumulator to a CPU register
Copy Accumulator move.l ACCy,ACCx Copies a 48-bit accumulator
Load MACSR move.l {Ry,#imm},MACSR Writes a value to MACSR
Store MACSR move .l MACSR,Rx Write the contents of MACSR to a CPU register
Store MACSR to CCR | move.l MACSR,CCR Write the contents of MACSR to the CCR
Load MAC Mask Reg [ move.l {Ry,#imm},MASK Writes a value to the MASK register
Store MAC Mask Reg | move.l MASK,RXx Writes the contents of the MASK to a CPU register
Load Accumulator move.l {Ry,#imm},ACCextO1 | Loads the accumulator 0,1 extension bytes with a 32-bit
Extensions 01 operand
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Enhanced Multiply-Accumulate Unit (EMAC)

Table 4-8. EMAC Instruction Summary (continued)

Command Mnemonic Description
Load Accumulator move.l {Ry,#imm},ACCext23 | Loads the accumulator 2,3 extension bytes with a 32-bit
Extensions 23 operand
Store Accumulator move.l ACCext0l1l,Rx Writes the contents of accumulator 0,1 extension bytes into a
Extensions 01 CPU register
Store Accumulator move.l ACCext23,Rx Writes the contents of accumulator 2,3 extension bytes into a
Extensions 23 CPU register

4.3.3 EMAC Instruction Execution Times

The instruction execution times for the EMAC can be found in Section 3.3.5.6, “EMAC Instruction
Execution Times”.

The EMAC execution pipeline overlaps the AGEX stage of the OEP (the first stage of the EMAC pipeline
is the last stage of the basic OEP). EMAC units are designed for sustained, fully-pipelined operation on
accumulator load, copy, and multiply-accumulate instructions. However, instructions that store contents
of the multiply-accumulate programming model can generate OEP stalls that expose the EMAC execution
pipeline depth:

mac.w Ry, Rx, AccO

move. | AccO, Rz

The MOVE.L instruction that stores the accumulator to an integer register (Rz) stalls until the
program-visible copy of the accumulator is available. Figure 4-9 shows EMAC timing.

Three-cycle
R —
regBusy stall
DSOC ‘ mac move | move

AGEX mac move
EMAC EX1 mac

EMAC EX2 mac
EMAC EX3 mac
EMAC EX4 mac

Accumulator 0 old >< new

Figure 4-9. EMAC-Specific OEP Sequence Stall

In Figure 4-9, the OEP stalls the store-accumulator instruction for three cycles: the EMAC pipleline depth
minus 1. The minus 1 factor is needed because the OEP and EMAC pipelines overlap by a cycle, the
AGEX stage. As the store-accumulator instruction reaches the AGEX stage where the operation is
performed, the recently updated accumulator 0 value is available.
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Enhanced Multiply-Accumulate Unit (EMAC)

As with change or use stalls between accumulators and general-purpose registers, introducing intervening
instructions that do not reference the busy register can reduce or eliminate sequence-related store-MAC
instruction stalls. A major benefit of the EMAC is the addition of three accumulators to minimize stalls
caused by exchanges between accumulator(s) and general-purpose registers.

4.3.4 Data Representation

MACSR[S/U,F/1] selects one of the following three modes, where each mode defines a unique operand
type:
1. Two’s complement signed integer: In this format, an N-bit operand value lies in the range -2(N-1)
< operand < 2(N-D - 1. The binary point is right of the Isb.

2. Unsigned integer: In this format, an N-bit operand value lies in the range 0 < operand < 2V - 1. The
binary point is right of the Isb.

3. Two’s complement, signed fractional: In an N-bit number, the first bit is the sign bit. The remaining
bits signify the first N-1 bits after the binary point. Given an N-bit number, ay_jayn.pay.3..- 82813,
its value is given by the equation in Equation 4-3.
N-2
value = —(1-ay_,)+ Zz“”l‘”)-ai Eqn. 4-3

i=0

This format can represent numbers in the range -1 < operand <1 - 2(N-1),

For words and longwords, the largest negative number that can be represented is -1, whose internal
representation is 0x8000 and 0x8000_0000, respectivelg/. The largest positive word is Ox7FFF or (1 - 2
the most positive longword is 0X7FFF_FFFF or (1 - 2731

B,

4.3.5 MAC Opcodes
MAC opcodes are described in the ColdFire Programmer’s Reference Manual.

Remember the following:

» Unless otherwise noted, the value of MACSR[N,Z] is based on the result of the final operation that
involves the product and the accumulator.

» Theoverflow (V) flag is managed differently. It is set if the complete product cannot be represented
as a 40-bit value (this applies to 32 x 32 integer operations only) or if the combination of the
product with an accumulator cannot be represented in the given number of bits. The EMAC design
includes an additional product/accumulation overflow bit for each accumulator that are treated as
sticky indicators and are used to calculate the V bit on each MAC or MSAC instruction. See
Section 4.2.1, “MAC Status Register (MACSR)”.

» For the MAC design, the assembler syntax of the MAC (multiply and add to accumulator) and
MSAC (multiply and subtract from accumulator) instructions does not include a reference to the
single accumulator. For the EMAC, assemblers support this syntax and no explicit reference to an
accumulator is interpreted as a reference to ACCO. Assemblers also support syntaxes where the
destination accumulator is explicitly defined.
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Enhanced Multiply-Accumulate Unit (EMAC)

» The optional 1-bit shift of the product is specified using the notation {<< | >>} SF, where <<1
indicates a left shift and >>1 indicates a right shift. The shift is performed before the product is
added to or subtracted from the accumulator. Without this operator, the product is not shifted. If the
EMAC isin fractional mode (MACSR[F/I] is set), SF is ignored and no shift is performed. Because
a product can overflow, the following guidelines are implemented:

— For unsigned word and longword operations, a zero is shifted into the product on right shifts.
— For signed, word operations, the sign bit is shifted into the product on right shifts unless the

product is zero. For signed, longword operations, the sign bit is shifted into the product unless
an overflow occurs or the product is zero, in which case a zero is shifted in.

— For all left shifts, a zero is inserted into the Isb position.

The following pseudocode explains basic MAC or MSAC instruction functionality. This example is
presented as a case statement covering the three basic operating modes with signed integers, unsigned
integers, and signed fractionals. Throughout this example, a comma-separated list in curly brackets, {},
indicates a concatenation operation.

switch (MACSR[6:5]) /* MACSR[S/U, F/1] */
{
case O: /* signed integers */
if (MACSR.OMC == O || MACSR.PAVNn == 0)
then {

MACSR.PAVNn = 0O
/* select the input operands */
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0] = {sign-extended Ry[31], Ry[31:16]}
else operandY[31:0] = {sign-extended Ry[15], Ry[15:0]}
if (U/Lx == 1)
then operandX[31:0] = {sign-extended Rx[31], Rx[31:16]}
else operandX[31:0] = {sign-extended Rx[15], Rx[15:0]1%}
}
else {operandY[31:0]
operandX[31:0]

Ry[31:0]
Rx[31:0]

}

/* perform the multiply */
product[63:0] = operandY[31:0] * operandX[31:0]

/* check for product overflow */
if ((product[63:39] != 0x0000_00_0) && (product[63:39] = OxFfff_ff_1))
then { /* product overflow */
MACSR.PAVNn = 1
MACSR.V =1
if (inst == MSAC && MACSR.OMC == 1)
then if (product[63] == 1)
then result[47:0] = Ox0000_7fff_ffff
else result[47:0] = Oxffff_8000_0000
else if (MACSR.OMC == 1)
then /* overflowed MAC,
saturationMode enabled */
if (product[63] == 1)
then result[47:0]
else result[47:0]

OxFFFF_8000_0000
0x0000_7FFf_FFff
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Enhanced Multiply-Accumulate Unit (EMAC)

/* sign-extend to 48 bits before performing any scaling */

product[47:40] = {8{product[39]}} /* sign-extend */

/* scale product before combining with accumulator */

switch (SF) /* 2-bit scale factor */
{
case O: /* no scaling specified */
break;
case 1: /* SF = “<< 17 */
product[40:0] = {product[39:0], O}
break;
case 2: /* reserved encoding */
break;
case 3: /* SF = “>> 17 */
product[39:0] = {product[39], product[39:1]}
break;
}

if (MACSR.PAVNn == 0)
then {if (inst == MSAC)
then result[47:0]
else result[47:0]

ACCx[47:0] - product[47:0]
ACCx[47:0] + product[47:0]

3
/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V =1

if (MACSR.OMC == 1)
then /* accumulation overflow,

saturationMode enabled */

if (result[47] == 1)

then result[47:0]

else result[47:0]

0x0000_7FFf_FFFF
OxFFFF_8000_0000

/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]

ks
MACSR.V = MACSR.PAVNn
MACSR.N = ACCx[47]

if (ACCx[47:0] == 0x0000_0000_0000)
then MACSR.Z =1
else MACSR.Z = 0
ifT ((ACCx[47:31] == 0x0000_0) || (ACCx[47:31] == Oxffff_1))

then MACSR.EV = 0
else MACSR.EV =1
break;
case 1,3: /* signed fractionals */
if (MACSR.OMC == 0 || MACSR.PAVn == 0)
then {
MACSR.PAVNn = 0
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0] = {Ry[31:16], 0x0000}
else operandY[31:0] = {Ry[15:0], 0x0000}
if (U/Lx == 1)
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Enhanced Multiply-Accumulate Unit (EMAC)

then operandX[31:0] = {Rx[31:16], Ox0000}
else operandX[31:0] = {Rx[15:0], 0x0000}
}
else {operandY[31:0] = Ry[31:0]
operandX[31:0] = Rx[31:0]

}
/* perform the multiply */

product[63:0] = (operandY[31:0] * operandX[31:0]) << 1
/* check for product rounding */
if (MACSR.R/T == 1)
then { /* perform convergent rounding */
ifT (product[23:0] > 0x80_0000)
then product[63:24] = product[63:24] + 1
else if ((product[23:0] == 0x80_0000) && (product[24] == 1))
then product[63:24] = product[63:24] + 1
}
/* sign-extend to 48 bits and combine with accumulator */
/* check for the -1 * -1 overflow case */
if ((operandY[31:0] == 0x8000_0000) && (operandX[31:0] == 0x8000_0000))
then product[71:64] = 0x00 /* zero-fill */
else product[71:64] {8{product[63]}} /* sign-extend */
if (inst == MSAC)
then result[47:0] ACCx[47:0] - product[71:24]
else result[47:0] ACCx[47:0] + product[71:24]
/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V = 1
if (MACSR.OMC == 1)
then /* accumulation overflow,
saturationMode enabled */
if (result[47] == 1)
then result[47:0]
else result[47:0]

0Xx007F_FFFF_FF00
0xFF80_0000_0000

/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]
T
MACSR.V = MACSR.PAVNn
MACSR.N = ACCx[47]
iT (ACCx[47:0] == 0x0000_0000_0000)
then MACSR.Z 1
else MACSR.Z = 0
ifT ((ACCx[47:39] == 0x00_0) || (ACCx[47:39] == Oxff_1))

then MACSR.EV = 0
else MACSR.EV = 1
break;
case 2: /* unsigned integers */
if (MACSR.OMC == 0 || MACSR.PAVn == 0)
then {

MACSR.PAVNn = 0
/* select the input operands */
if (sz == word)
then {if (U/Ly == 1)
then operandY[31:0]
else operandY[31:0]
if (U/Lx == 1)

{0x0000, Ry[31:16]}
{0x0000, Ry[15:0]}
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Enhanced Multiply-Accumulate Unit (EMAC)

then operandX[31:0] = {Ox0000, Rx[31:16]}
else operandX[31:0] {0x0000, Rx[15:0]1%}

}
else {operandY[31:0]

operandX[31:0]

Ry[31:0]
Rx[31:0]

}

/* perform the multiply */
product[63:0] = operandY[31:0] * operandX[31:0]

/* check for product overflow */
it (product[63:40] != 0x0000_00)
then { /* product overflow */
MACSR.PAVNn = 1
MACSR.V = 1
if (inst == MSAC && MACSR.OMC == 1)
then result[47:0] = 0x0000_0000_0000
else if (MACSR.OMC == 1)
then /* overflowed MAC,
saturationMode enabled */
result[47:0] = Oxffff_ffff_ffff

}

/* zero-Till to 48 bits before performing any scaling */
product[47:40] = O /* zero-Till upper byte */

/* scale product before combining with accumulator */

switch (SF) /* 2-bit scale factor */
{
case O: /* no scaling specified */
break;
case 1: /* SF = “<< 17 */
product[40:0] = {product[39:0], O}
break;
case 2: /* reserved encoding */
break;
case 3: /* SF = “>> 17 */
product[39:0] = {0, product[39:1]}
break;
}

/* combine with accumulator */
if (MACSR.PAVNn == 0)
then {if (inst == MSAC)
then result[47:0]
else result[47:0]

ACCx[47:0] - product[47:0]
ACCx[47:0] + product[47:0]

}
/* check for accumulation overflow */
if (accumulationOverflow == 1)
then {MACSR.PAVn = 1
MACSR.V = 1

if (inst == MSAC && MACSR.OMC == 1)
then result[47:0] = 0x0000_0000_0000
else if (MACSR.OMC == 1)
then /* overflowed MAC,
saturationMode enabled */
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Enhanced Multiply-Accumulate Unit (EMAC)

resul t[47:0] = OxFFFFf_fFFF_FFFF
H

/* transfer the result to the accumulator */
ACCx[47:0] = result[47:0]
b
MACSR.V = MACSR.PAVNn
MACSR.N = ACCx[47]
if (ACCx[47:0] == 0x0000_0000_0000)
then MACSR.Z =1
else MACSR.Z = 0
if (ACCx[47:32] == 0x0000)
then MACSR.EV = 0
else MACSR.EV = 1
break;

}
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Chapter 5
Cryptographic Acceleration Unit (CAU)

5.1 Introduction

The cryptographic acceleration unit (CAU) is a ColdFire coprocessor implementing a set of specialized
operations in hardware to increase the throughput of software-based encryption and hashing functions.

5.1.1 Block Diagram
Figure 5-1 shows a simplified block diagram of the CAU.

CA0-CA3 .| DES/
~1 AES Row
) CAX > Result
Register
File CAA 5
o ALU—
> Hash > >
Operandl >H
Command ——>
Decode Datapath
Go ——> Control

Figure 5-1. Top Level CAU Block Diagram

51.2 Overview

The CAU supports acceleration of the following algorithms:

* DES
 3DES
« AES
« MD5
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+ SHA-1

This selection of algorithms provides excellent support for network security standards (SSL, IPsec).
Additionally, using the CAU efficiently permits the implementation of any higher level functions or modes
of operation (HMAC, CBC, etc.) based on the supported algorithm.

The CAU is an instruction-level ColdFire coprocessor. The cryptographic algorithms are implemented
partially in software with only functions critical to increasing performance implemented in hardware. The
ColdFire coprocessor allows for efficient, fine-grained partitioning of functions between hardware and
software.

* Implement the innermost round functions by using the coprocessor instructions
* Implement higher-level functions in software by using the standard ColdFire instructions

This partitioning of functions is key to minimizing size of the CAU while maintaining a high level of
throughput. Using software for some functions also simplifies the CAU design. The CAU implements a
set of 22 coprocessor commands that operate on a register file of eight 32-bit registers. It is tightly coupled
to the ColdFire core and there is no local memory or external interface.

5.1.3 Features

The CAU includes these distinctive features:
» Supports DES, 3DES, AES, MD5, SHA-1 algorithms
» Simple, flexible programming model

5.2 Memory Map/Register Definition

The CAU only supports longword operations and register accesses. All registers support read, write, and
ALU operations. However, only bits 1-0 of the CASR are writeable. Bits 31-2 of the CASR must be
written as 0 for compatibility with future versions of the CAU.

Table 5-1. CAU Memory Map

Code Register & & z a Access | Reset Value | Section/Page
o< |52
0 CAU status register (CASR) — | — | — | — R/W | 0x1000_0000 5.2.1/5-3
1 CAU accumulator (CAA) — | — | T a R 0x0000_0000 5.2.2/5-3
2 General purpose register 0 (CA0) C [WO| A | — R 0x0000_0000 5.2.3/5-4
3 General purpose register 1 (CA1) D |W1| B b R 0x0000_0000 5.2.3/5-4
4 General purpose register 2 (CA2) L |w2| C c R 0x0000_0000 5.2.3/5-4
5 General purpose register 3 (CA3) R |W3| D d R 0x0000_0000 5.2.3/5-4
6 General purpose register 4 (CA4) — | — | E | — R 0x0000_0000 5.2.3/5-4
7 General purpose register 5 (CA5) — | — | W | — R 0x0000_0000 5.2.3/5-4
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5.2.1 CAU Status Register (CASR)
CASR contains the status and configuration for the CAU.

Register 0x0 (CASR) Access: Read/write
code: via CAU commands

31 30 29 28|27 26 25 2423 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8 413 2 1 0

~
()
)]

R| VER o,o|jofoj0|0|0f0j0|O0O|O|jO|O|O|O|O|O|O|O|O|O|O|O|O]|O|O
DPE| IC
wi [ ]|

Reset 0 0 0 1/0 O O O|O O O O/O O OO|OOOO|O0OO0OOOOOOBOOTWDO O
Figure 5-2. CAU Status Register (CASR)

Table 5-2. CASR Field Descriptions

Field Description

31-28 | CAU version. Indicates CAU version
VER |0x1 Initial CAU version (This is the value on this device)
0x2 Second version, added support for SHA-256 algorithm

27-2 | Reserved, must be cleared.

1 DES parity error.
DPE |0 No error detected
1 DES key parity error detected

0 lllegal command. Indicates an illegal instruction not found in Section 5.3.3, “CAU Commands,” has been executed.
IC 0 No illegal commands issued

1 lllegal coprocessor command issued

5.2.2 CAU Accumulator (CAA)

CAU commands use the CAU accumulator for storage of results and as an operand for the cryptographic
algorithms.

Register 0x1 (CAA) Access: Read/write
code: via CAU commands
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
ACC
w

Resetoooo\oooo\oooo\oooo\oooo\oooo\oooo\oooo
Figure 5-3. CAU Accumulator Register (CAA)

Table 5-3. CAA Field Descriptions

Field Description

31-0 | Accumulator. Stores results of various CAU commands.
ACC
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5.2.3 CAU General Purpose Registers (CAN)

The six CAU general purpose registers are used in the CAU commands for storage of results and as
operands for the various cryptographic algorithms.

Register 0x2 (CAO0) Access: Read/write
code: 0x3 (CA1) via CAU commands
0x4 (CA2)
0x5 (CA3)
0x6 (CA4)
0x7 (CAB5)

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
Resetoooo\oooo\oooo\oooo\oooo\oooo\oooo\oooo

CAnN

Figure 5-4. CAU General Purpose Registers (CAn)

Table 5-4. CAn Field Descriptions

Field Description

31-0 | General purpose registers. Used by the CAU commands. Some cryptographic operations work with specific

CAn registers.

5.3  Functional Description

5.3.1 Programming Model

The CAU is an instruction-level coprocessor. It has a dedicated register file, a specialized ALU, and
specialized units for performing cryptographic operations. The CAU design uses a simple, flexible
accumulator-based architecture. Most commands, including load and store, can specify any register in the
register file. Some cryptographic operations work with specific registers.

5.3.2 Coprocessor Instructions

Operation of the CAU is controlled via standard ColdFire coprocessor load (cp0Old) and store (cpOst)
instructions. The CAU has a dedicated register file accessed using these instructions. The load instruction
loads CAU registers and specifies CAU operations. The store instruction stores CAU registers. The
example assembler syntax for the CAU is:

cpold. 1 <ea>,<CMD> ; coprocessor load
cpOost. 1 <ea>,<CMD> ; coprocessor store

The <ea> field specifies the source operand (operandl) for load instructions and destination (result) for
store instructions. The basic ColdFire addressing modes {Rn, (An), -(An), (An)+, (d16,An)} are supported
for this field. The <CMD> field is a 9-bit value that specifies the CAU command for an instruction.
Table 5-5 shows how the CAU supports a single command (STR) for store instructions and 21 commands
for the load instructions. The CAU only supports longword operations. A CAU command can be issued
every clock cycle.
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5.3.3

The CMD field specifies the CAU command for the instruction.

CAU Commands

The CAU supports the commands shown in Table 5-5. All other encodings are reserved. The CASR[IC]
bit is set if an undefined command is issued. A specific illegal command (iLL) is defined to allow software
self-checking. Reserved commands should not be issued to ensure compatibility with future

implementations.

Cryptographic Acceleration Unit (CAU)

Table 5-5. CAU Commands

Inst Type Col\gnnlaend Description cmp Operation
6 413 |2]11]o0
cpOld CNOP No Operation 0x000 —
cpOld LDR Load Reg 0x01 CAX Opl — CAXx
cpOst STR Store Reg 0x02 CAX CAx — Result
cpOld ADR Add 0x03 CAX CAx + Opl — CAx
cpOld RADR Reverse and Add 0x04 CAX CAXx + ByteRev(Opl) — CAX
cpOld ADRA Add Reg to Acc 0x05 CAXx CAx + CAA — CAA
cpOld XOR Exclusive Or 0x06 CAX CAx " Opl — CAx
cpOld ROTL Rotate Left 0x07 CAX CAXx <<< Opl — CAx
cpOld MVRA Move Reg to Acc 0x08 CAXx CAx — CAA
cpOld MVAR Move Acc to Reg 0x09 CAXx CAA — CAx
cpOld AESS AES Sub Bytes 0x0A CAX SubBytes(CAx) — CAX
cpOld AESIS AES Inv Sub Bytes 0x0B CAX InvSubBytes(CAx) —> CAX
cpOld AESC AES Column Op 0x0C CAX MixColumns(CAx)"Op1—> CAx
cpOld AESIC AES Inv Column Op 0x0D CAX InvMixColumns(CAXx"Op1) —> CAX
cpOld AESR AES Shift Rows OxO0EO ShiftRows(CA0-CA3) — CA0-CA3
cpOld AESIR AES Inv Shift Rows 0x0FO0 InvShiftRows(CAO-CA3)—>
CA0-CA3
cpold DESR DES Round 0x10 IP | FP | KS[1:0] | DES Round(CA0-CA3)—>CA0-CA3
cpOld DESK DES Key Setup 0x11 0 | O |CP|DC | DES Key Op(CA0-CA1)—>CAO0-CAl
Key Parity Error & CP — CASR[1]
cpOld HASH Hash Function 0x12 0 HF[2:0] Hash Func(CA1-CA3)+CAA—CAA
cpOld SHS Secure Hash Shift 0x130 CAA <<< 5— CAA,
CAA—CAO0, CAO—CAL,
CA1l <<< 30 — CA2,
CA2—CA3, CA3—CA4
cpOld MDS Message Digest Shift 0x140 CA3—CAA, CAA—CAL,
CA1—>CA2, CA2—CA3,
cpOld ILL lllegal Command 0x1FO0 0x1—>CASRJ0]

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Cryptographic Acceleration Unit (CAU)

Section 5.4.2, “Assembler Equate Values,” contains a set of assembly constants used in the command
descriptions here. If supported by the assembler, macros can also be created for each instruction. The value
CAXx should be interpreted as any CAU register (CASR, CAA, CAn) and the <ea> field as one of the
supported ColdFire addressing modes {Rn, (An), -(An), (An)+, (d16,An)}. For example, the instruction to
add the value from the core register D1 to the CAU register CAO is:

cpOold.1 %d1,#ADR+CAO ; CAO=CAO+d1

5.3.3.1 Coprocessor No Operation (CNOP)
cpOld.l  #CNOP

The cNop command is the coprocessor no-op defined by the ColdFire coprocessor definition for
synchronization. It is not actually issued to the coprocessor from the core.

5.3.3.2 Load Register (LDR)
cpold.1 <ea>,#LDR+CAx

The LDR command loads CAx with the source data specified by <ea>.

5.3.3.3 Store Register (STR)
cpOst.1 <ea>,#STR+CAx

The sTR command stores the value from CAX to the destination specified by <ea>.

5.3.34 Add to Register (ADR)
cpold.1 <ea>,#ADR+CAXx

The ADR command adds the source operand specified by <ea>to CAx and stores the result in CAX.

5.3.35 Reverse and Add to Register (RADR)
cpold.1 <ea>,#RADR+CAX

The RADR command performs a byte reverse on the source operand specified by <ea>, adds that value to
CAX, and stores the result in CAx. Table 5-6 shows an example.

Table 5-6. RADR Command Example

Operand CAXx Before CAXx After

0x0102_0304 | OxAOBO_CODO | 0xA4B3_C2D1

5.3.3.6 Add Register to Accumulator (ADRA)
cpold.1 #ADRA+CAX

The ADRA command adds CAx to CAA and stores the result in CAA.

5.3.3.7 Exclusive Or (XOR)
cpold.1 <ea>,#XOR+CAx
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Cryptographic Acceleration Unit (CAU)

The XorR command performs an exclusive-or of the source operand specified by <ea>with CAx and stores
the result in CAX.

5.3.3.8 Rotate Left (ROTL)
cpold.1 <ea>,#ROTL+CAX

ROTL rotates the CAX bits to the left with the result stored back to CAx. The number of bits to rotate is the
value specified by <ea> modulo 32.

5.3.3.9 Move Register to Accumulator (MVRA)
cpold.1 #MVRA+CAX

The MvRA command moves the value from the source register CAX to the destination register CAA.

5.3.3.10 Move Accumulator to Register (MVAR)
cpold.1 #MVAR+CAX

The MvAR command moves the value from source register CAA to the destination register CAX.

5.3.3.11 AES Substitution (AESS)
cpold.1 #AESS+CAX

The AEss command performs the AES byte substitution operation on CAx and stores the result back to
CAX.

5.3.3.12 AES Inverse Substitution (AESIS)
cpold.1 #AES1S+CAX

The AESIS command performs the AES inverse byte substitution operation on CAx and stores the result
back to CAX.

5.3.3.13 AES Column Operation (AESC)
cpold.1 <ea>,#AESC+CAXx

The AEsc command performs the AES column operation on the contents of CAx then performs an
exclusive-or of that result with the source operand specified by <ea> and stores the result in CAXx.

5.3.3.14 AES Inverse Column Operation (AESIC)
cpold.1 <ea>,#AESIC+CAX

The AEsic command performs an exclusive-or operation of the source operand specified by <ea> on the
contents of CAx followed by the AES inverse mix column operation on that result and stores the result
back in CAX.
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Cryptographic Acceleration Unit (CAU)

5.3.3.15 AES Shift Rows (AESR)

cpOld.1  #AESR

The AESR command performs the AES shift rows operation on registers CAO, CA1, CA2, and CAS.

Table 5-7 shows an example.

Table 5-7. AESR Command Example

Register

Before

After

CAO

0x0102_0304

0x0106_0B00O

CAl

0x0506_0708

0x050A_0F04

CA2

0x090A_0BOC

0x090E_0308

CA3

O0xODOE_OF00

0x0D02_070C

5.3.3.16 AES Inverse Shift Rows (AESIR)
cpold.1 #AESIR

The AESIR command performs the AES inverse shift rows operation on registers CAO, CA1, CA2 and
CAS3. Table 5-8 has an example.

Table 5-8. AESIR Command Example

Register Before After
CAO 01060B00 01020304
CAl 050A0F04 05060708
CA2 090E0308 090A0B0OC
CA3 0D02070C ODOEOFO00
5.3.3.17 DES Round (DESR)
cpold.1 #DESR+{IP}+{FP}+{KSx}

The DESR command performs a round of the DES algorithm and a key schedule update with the following
source and destination designations: CA0=C, CA1=D, CA2=L, CA3=R. If the IP bit is set, DES initial
permutation performs on CA2 and CAS3 before the round operation. If the FP bit is set, DES final
permutation (inverse initial permutation) performs on CA2 and CA3 after the round operation. The round
operation uses the source values from registers CAO and CAL1 for the key addition operation. The KSx field
specifies the shift for the key schedule operation to update the values in CAO and CA1. Table 5-9 defines
the specific shift function performed based on the KSx field.

Table 5-9. Key Shift Function Codes

KSx KSx ) )
Code Define Shift Function
0 KSL1 Left 1
1 KSL2 Left 2
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Cryptographic Acceleration Unit (CAU)

Table 5-9. Key Shift Function Codes (continued)

KSx KSx ) )
Code Define Shift Function
2 KSR1 Right 1
3 KSR2 Right 2

5.3.3.18 DES Key Setup (DESK)
cpold.1 #DESK+{CP}+{DC}

The DEsk command performs the initial key transformation (permuted choice 1) defined by the DES
algorithm on CAOQ and CA1 with CAO containing bits 1-32 of the key and CA1 containing bits 33-64 of
the key?. If the DC bit is set, no shift operation performs and the values Cy and D store back to CAO and
CA1 respectively. The DC bit should be set for decrypt operations. If the DC bit is not set, a left shift by
one also occurs and the values C; and D, store back to CAO and CAL respectively. The DC bit should be
cleared for encrypt operations. If the CP bit is set and a key parity error is detected, CASR[DPE] bit is set;
otherwise, it is cleared.

5.3.3.19 Hash Function (HASH)
cpold.1 #HASH+HFX

The HASH command performs a hashing operation on a set of registers and adds that result to the value in
CAA and stores the result in CAA. The specific hash function performed is based on the HFx field as
defined in Table 5-10.

Table 5-10. Hash Function Codes

(_|‘,-|0FdXe ngﬁe Hash Function Hash Logic
0 HFF MD5 F() (CA1 & CA2) | (CA1 & CA3)
1 HFG MD5 G() (CA1 & CA3) | (CA2 & CA3)
2 HFH MD5 H(), SHA Parity() CA1 " CA2 " CA3
3 HFI MD5 1() CA2 " (CA1 | CA3)
4 HFC SHA Ch() (CA1 & CA2) ~ (CAL & CA3)
5 HFM SHA Maj() (CA1 & CA2) " (CA1 & CA3) ~ (CA2 & CA3)

5.3.3.20 Secure Hash Shift (sSHS)
cpold.1 #SHS

The sHs command does a set of parallel register-to-register move and shift operations for implementing
SHA-1. The following source and destination assignments are made: CAA=CAA<<<5, CA0=CAA,
CA1=CA0, CA2=CA1<<<30, CA3=CA2, CA4=CA3.

1.The DES algorithm numbers the most significant bit of a block as bit 1 and the least significant as bit 64.
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Cryptographic Acceleration Unit (CAU)

5.3.3.21 Message Digest Shift (MDS)
cpold.1 #MDS

The MDs command does a set of parallel register-to-register move operations for implementing MD5. The
following source and destination assignments are made: CAA=CA3, CA1=CAA, CA2=CA1l, CA3=CA2.

5.3.3.22 lllegal Command (iLL)
cpold.1 #ILL

The 1LL command is a specific illegal command that sets CASR[IC]. All other illegal commands are
reserved for use in future implementations.

5.4  Application/Initialization Information

54.1 Code Example

A code fragment is shown below as an example of how the CAU is used. This example shows the round
function of the AES algorithm. Core register A0 is pointing to the key schedule.

cpold.1 #AESS+CAO ; sub bytes w0
cpold.1 #AESS+CAL ; sub bytes wl
cpold.1 #AESS+CA2 ; sub bytes w2
cpold.1 #AESS+CA3 ; sub bytes w3
cpold.1 #AESR ; shift rows

cpold.1 (%a0)+,#AESC+CAO0 ; mix col, add key wO
cpold.1 (%a0)+,#AESC+CA1 ; mix col, add key wl
cpOold.1 (%al)+,#AESC+CA2 ; mix col, add key w2
cpold.1 (%al)+,#AESC+CA3 ; mix col, add key w3

5.4.2 Assembler Equate Values

The following equates ease programming of the CAU.

; CAU Registers (CAx)
.set CASR,0x0

.set CAA,0x1
.set CAO0,0x2
.set CA1,0x3
.set CA2,0x4
.set CA3,0x5
.set CA4,0x6
.set CA5,0x7

; CAU Commands
.set CNOP, 0x000
.set LDR,0x010
.set STR,0x020
.set ADR,0x030

.set RADR , 0x040
.set ADRA, 0x050
.set XOR, 0x060

.set ROTL,0x070
.set MVRA, 0x080
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.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set
.set

DESR Fields
.set
.set
.set
.set
.set
.set

DESK Field
-set
.set

MVAR, 0x090
AESS,0x0A0
AESIS,0x0BO
AESC,0x0CO
AESIC,0x0DO
AESR,0xOEO
AESIR,0x0FO
DESR, 0x100
DESK,0x110
HASH, 0x120
SHS,0x130

MDS,0x140

ILL,0x1FO

1P,0x08
FP,0x04
KSL1,0x00
KSL2,0x01
KSR1,0x02
KSR2 ,0x03

DC,0x01
CP,0x02

HASH Functions Codes

.set
.set
.set
.set
.set
.set

HFF, 0x0
HFG,0x1
HFH,0x2
HFI,0x3
HFC, 0x4
HFM, 0x5
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initial permutation
final permutation

key schedule
key schedule
key schedule
key schedule

left 1 bit

left 2 bits
right 1 bit
right 2 bits

decrypt key schedule

check parity

MD5 F() CA1&CA2 | ~CA1&CA3

MD5 G() CA1&CA3 | CA28&~CA3

MD5 H(), SHA Parity() CA1~CA2/CA3

MD5 1() CA2~(CA1]|~CA3)

SHA Ch() CA1&CA2 ~ ~CA1&CA3

SHA Maj() CA1&CA2 ~ CA1&CA3 ~ CA2&CA3
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Chapter 6
Random Number Generator (RNG)

6.1 Introduction

This chapter describes the random number generator (RNG), including a programming model, functional
description, and application information.

6.1.1 Overview

The random number generator (RNG) module is capable of generating 32-bit random numbers. It complies
with Federal Information Processing Standard (FIPS) 140 standards for randomness and non-determinism.
The random bits generate by clocking shift registers with clocks derived from ring oscillators. The
configuration of the shift registers ensures statistically good data (data that looks random). The oscillators
with their unknown frequencies provide the required entropy needed to create random data.

CAUTION

There is no known cryptographic proof showing that this is a secure method
of generating random data. In fact, there may be an attack against the
random number generator if its output is used directly in a cryptographic
application (the attack is based on the linearity of the internal shift registers).
In light of this, it is highly recommended to use the random data produced
by this module as an input seed to a NIST-approved (based on DES or
SHA-1) or cryptographically-secure (RSA generator or BBS generator)
random number generation algorithm.

It is also recommended to use other sources of entropy along with the RNG

to generate the seed to the pseudorandom algorithm. The more random

sources combined to create the seed the better. The following is a list of

sources that can be easily combined with the output of this module.

— Current time using highest precision possible

— Mouse and keyboard motions (or equivalent if being used on a cell phone or PDA)
— Other entropy supplied directly by the user

NOTE

See Appendix D of the NIST Special Publication 800-90 “Recommendation
for Random Number Generation Using Deterministic Random Bit
Generators” for more information: http://csrc.nist.gov
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Random Number Generator (RNG)

6.2

Memory Map/Register Definition

Table 6-1 shows the address map for the RNG module. Detailed register descriptions are found in the
following section.

Table 6-1. RNG Block Memory Map

IFéSffE;,ZtR Register \?S,?;? Access | Reset Value | Section/Page
0x1F_0000 |[RNG Control Register (RNGCR) 32 R/W | 0x0000_0000 6.2.1/6-2
Ox1F_0004 |RNG Status Register (RNGSR) 32 R 0x0010_0000 6.2.2/6-3
0x1F_0008 |RNG Entropy Register (RNGER) 32 w 0x0000_0000 6.2.3/6-4
0x1F_000C |RNG Output FIFO (RNGOUT) 32 R 0x0000_0000 6.2.4/6-4

6.2.1

RNG Control Register (RNGCR)

Immediately following reset, the RNG begins generating entropy (random data) in its internal shift
registers. Random data is not pushed to the output FIFO until after the RNGCR[GO] bit is set. After this,
a random 32-bit word is pushed to RNGOUT every 256 cycles.

IPSBAR 0x1F_0000 (RNGCR) Access: User read/write
Offset:
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
rR|0O(O|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O 0
W SLM i IM |HA|GO

Reset 0 O O 0|0 O O OO O O O|O O O OO O O O/O OOO/OOO O|O O O O

Figure 6-1. RNG Control Register (RNGCR)

Table 6-2. RNGCR Field Descriptions

Field Description
31-5 Reserved, must be cleared.
4 Sleep mode. The RNGA can be placed in low power mode by setting this bit. When this bit is set, the oscillators are
SLM | disabled.Clearing this bit causes the RNGA to exit sleep mode. RNGOUT is not pushed while the RNGA is in sleep
mode.
0 RNGA is not in sleep mode.
1 RNGA is in sleep mode.
3 Clear interrupt. Writing a 1 to this bit clears the error interrupt and RNGSR[EI]. This bit is self-clearing,
Cl 0 Do not clear error interrupt.
1 Clear error interrupt.
2 Interrupt mask.
IM 0 Error interrupt enabled.
1 Error interrupt masked.
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Table 6-2. RNGCR Field Descriptions (continued)

Field Description
1 High assurance. Notifies core when RNGOUT underflow has occurred (RNGOUT is read while empty). Enables the

HA security violation bit in the RNGSR. Bit is sticky and only cleared by hardware reset.
0 Disable security violation notification.
1 Enable security violation notification.

0 Go bit. Starts/stops random data from being generated. Bit is sticky and only cleared by hardware reset.

GO 0 RNGOUT not loaded with random data.

1 RNGOUT loaded with random data.
6.2.2 RNG Status Register (RNGSR)

The RNGSR, shown in Figure 6-2, is a read only register which reflects the internal status of the RNG.

IPSBAR 0x1F_0004 (RNGSR)

Access: User read-only

Offset:

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|0|0|0|0|0|0O|0O|O OFS OFL 0[{0|0|SLP| ElI |FUF|LRS| SV
w [ [T TP TPIT[TT]

Reset 0 0 0 0|0 O O O|O O O O|O O O 1|0 O OOJIOOOOOOO O|O O o0 o
Figure 6-2. RNG Status Register (RNGSR)
Table 6-3. RNGSR Field Descriptions
Field Description
31-24 |Reserved, must be cleared.
23-16 |Output FIFO size. Indicates size of the output FIFO (1 word) and maximum possible value of RNGR[OFL].
OFS
15-8 | Output FIFO level. Indicates current number of random words in the output FIFO. Determines if valid random data
OFL is available for reading from the FIFO without causing an underflow condition. On this device, the maximum value for
this field is 0x01.
7-5 Reserved, must be cleared.
4 Sleep. This bit reflects whether the RNG is in sleep mode. When this bit is set, the RNGA is in sleep mode and the
SLP | oscillator clocks are inactive. While in this mode, RNGOUT is not loaded.
0 RNGA is not in sleep mode.
1 RNGA s in sleep mode.
3 Error interrupt. Signals a FIFO underflow. Reset by a write to RNGCR[CI] and not masked by RNGCRJ[IM].
El 0 RNGOUT not read while empty.
1 RNGOUT read while empty.
2 FIFO underflow. Signals FIFO underflow. Reset by reading RNGSR.
FUF |0 RNGOUT not read while empty since last read of RNGSR.
1 RNGOUT read while empty since last read of RNGSR.
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Table 6-3. RNGSR Field Descriptions (continued)

Field Description

1 Last read status. Reflects status of most recent read of RNGOUT.
LRS |0 During last read, RNGOUT was not empty.
1 During last read, RNGOUT was empty (underflow condition).

0 Security violation. When enabled by RNGCR[HA], signals that a RNGOUT underflow has occurred. Bit is sticky and
SV is only cleared by hardware reset.

0 No violation occurred or RNGCR[HA] is cleared.

1 Security violation (RNGOUT underflow) has occurred.

6.2.3 RNG Entropy Register (RNGER)

The RNGER is a write-only register which allows the user to insert entropy into the RNG. This register
allows an external user to continually seed the RNG with externally generated random data. Although use
of this register is recommended, it is optional. The RNGER can be written at any time during operation.

Each time the RNGER is written, the value updates the internal state of the RNG. The update is performed
in such a way that the entropy in the RNG’s internal state is preserved. Use of the RNGER can increase
the entropy but never decrease it.

IPSBAR 0x1F_0008 (RNGER) Access: User write-only
Offset:
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 T PP PPl
W ENT

Resetoooo\oooo\oooo\oooo\oooo\oooo\oooo\oooo
Figure 6-3. RNG Entropy Register (RNGER)

6.2.4  RNG Output FIFO (RNGOUT)

The RNGOUT provides temporary storage for random data generated by the RNG. As long as RNGOUT
IS not empty, a read of this address returns 32 bits of random data. If RNGOUT is read when it is empty,
RNGSR[EI, FUF, LRS] are set. If the interrupt is enabled in RNGCR, an interrupt is triggered to the
interrupt controller. The RNGSR[OFL], described in Section 6.2.2, “RNG Status Register (RNGSR),” can
be polled to monitor if data is currently resident in RNGOUT. A new random word pushes into the FIFO
every 256 clock cycles (as long as RNGOUT is not full). It is very important to poll RNGSR[OFL] to make
sure random values are present before reading from RNGOUT.

IPSBAR 0x1F_000C (RNGOUT) Access: User read-only
Offset:
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 Random Output
we TP PP PP PP PP PPl

Reset 0 0O O O0/0 O 0 O/|O O O O|O O O O|/O O O O|O O O OO0 O0OOO0OUOPOO
Figure 6-4. RNGOUT
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6.3  Functional Description

Figure 6-5 shows the RNG has three functional blocks: output FIFO, internal bus interface, and the RNG
core/control logic blocks. The following sections describe these blocks in more detail.

Random Number
Generator

Internal

A A

Control
Signals

RNG Core/Control
Logic

Yy

A
Y

Internal Bus

A
Y

Internal Bus
Interface Unit

Y

Output FIFO [<

Figure 6-5. RNG Block Diagram

6.3.1 Output FIFO

RNGOUT stores the 32 bits of random data generated by the RNG core/control block. The RNGSR allows
the user to check if random data has been written to RNGOUT, through the output FIFO level field. If the
user reads from the FIFO when it is empty and the interrupt is enabled, the RNG drives an interrupt request
to the interrupt controller. It is very important to poll RNGSR[OFL] to make sure random values are
present before reading from RNGOUT.

6.3.2 RNG Core/Control Logic Block

This block contains the RNG’s control logic as well as its core engine that generates random data.

6.3.2.1 RNG Control Block

The control block contains the address decoder, all addressable registers, and control state machines for
the RNG. This block is responsible for communication with the peripheral interface and the FIFO
interface. The block also controls the core engine to generate random data. The general functionality of
the block is as follows. After reset, entropy generates and stores in the RNG’s shift registers. After
RNGCR[GO] is set, RNGOUT is loaded with a random word every 256 cycles.

6.3.2.2 RNG Core Engine

The core engine block contains the logic that generates random data. The logic within the core engine
contains the internal shift registers, as well as the logic that generates the two oscillator based clocks. This
logic is brainless and must be controlled by the control block. The control block controls how the shift
registers are configured and when the oscillator clocks are turned on.
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Random Number Generator (RNG)

6.4 Initialization/Application Information

The intended general operation of the RNG is as follows:

Reset/initialize.

Write to the RNG entropy register (optional).

Write to the RNG control register and set the interrupt mask, high assurance, and GO bits.
Poll RNGSR[OFL] to check for random data in RNGOUT.

Read available random data from RNGOUT.

Repeat steps 3 and 4 as needed.

I
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Chapter 7
Clock Module

7.1 Introduction

The clock module allows the MCF52235 to be configured for one of several clocking methods. Clocking
modes include internal phase-locked loop (PLL) clocking with an external clock reference or an external
crystal reference supported by an internal crystal amplifier. The PLL can also be disabled and an external
oscillator can be used to clock the device directly. The device always comes out of reset running in external
crystal mode (although this mode also supports an external clock source) with the PLL disabled. After out
of reset, it is not possible to change the input clock source, although it is possible to enable the PLL and

switch between the PLL clock and the oscillator clock as the source of the system clock.The clock module
contains the following:

» Crystal amplifier and oscillator (OSC)
» Phase-locked loop (PLL)

* Reduced frequency divider (RFD)

» Status and control registers

» Control logic

7.2 Features

Features of the clock module include the following:
* Up to 48 MHz crystal input
» Provides clock for integrated EPHY
* On-chip PLL can generate core frequencies up to maximum 60MHz operating frequency

7.3  Modes of Operation

The clock module can be operated in normal PLL mode or external clock mode (PLL disabled).

7.3.1 Normal PLL Mode

In normal PLL mode, the PLL is fully programmable. It can synthesize frequencies ranging from 4x to 18x
the reference frequency and has a post divider capable of reducing this synthesized frequency without
disturbing the PLL. The PLL reference can be a crystal oscillator or an external clock.
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Clock Module

7.3.2 External Clock Mode

In external clock mode, the PLL is bypassed, and the external clock is applied to EXTAL. The resulting
operating frequency is equal to the external clock frequency.

7.4  Low-power Mode Operation

This subsection describes the operation of the clock module in low-power and halted modes of operation.
Low-power modes are described in Chapter 9, “Power Management.” Table 7-1 shows the clock module
operation in low-power modes.

Table 7-1. Clock Module Operation in Low-power Modes

Low-power Mode Clock Operation Mode Exit

Wait Clocks sent to peripheral modules only Exit not caused by clock module, but normal
clocking resumes upon mode exit

Doze Clocks sent to peripheral modules only Exit not caused by clock module, but normal
clocking resumes upon mode exit

Stop All system clocks disabled Exit not caused by clock module, but clock
sources are re-enabled and normal
clocking resumes upon mode exit

Halted Normal Exit not caused by clock module

In wait and doze modes, the system clocks to the peripherals are enabled and the clocks to the CPU and
memory are stopped. Each module can disable its clock locally at the module level.

In stop mode, all system clocks are disabled. There are several options for enabling or disabling the PLL
in stop mode, compromising between stop mode current and wakeup recovery time. The PLL can be
disabled in stop mode, but requires a wakeup period before it can relock.

There is also a fast wakeup option for quickly enabling the system clocks during stop recovery. This
eliminates the wakeup recovery time but at the risk of sending a potentially unstable clock to the system.
To prevent a non-locked PLL frequency overshoot when using the fast wakeup option, change the RFD
divisor to the current RFD value plus one before entering stop mode.

In external clock mode, there are no wakeup periods for oscillator startup or PLL lock.

7.5 Block Diagram

Figure 7-1 shows a block diagram of the entire clock module. The PLL block in this diagram is expanded
in detail in Figure 7-2.
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Figure 7-1. Clock Module Block Diagram
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Figure 7-2. PLL Block Diagram

7.6  Signal Descriptions

The clock module signals are summarized in Table 7-2 and a brief description follows. For more detailed
information, refer to Chapter 2, “Signal Descriptions.”

Table 7-2. Signal Properties

Name Function
EXTAL Oscillator or clock input
XTAL Oscillator output
CLKOUT System clock output
RSTO Reset signal from reset controller

7.6.1 EXTAL

This input is driven by an external clock except when used as a connection to the external crystal when
using the internal oscillator.
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7.6.2

7.6.3

XTAL

This output is an internal oscillator connection to the external crystal.

CLKOUT

This output reflects the internal system clock.

7.6.4

RSTO

The RSTO pin is asserted by one of the following:
* Internal system reset signal

* FRCRSTOUT bit in the reset control status register (RCR); see Section 10.5.1, “Reset Control
Register (RCR).”

7.7

Memory Map and Registers

Clock Module

The clock module programming model shown in Table 7-3 consists of registers that define clock operation
and status as well as additional peripheral power management registers.

Table 7-3. Clock Module Memory Map

IPSBAR . Width .
Offset! Register (bits) Access | Reset Value | Section/Page
Supervisor Mode Access Only
0x0012_0000 | Synthesizer Control Register (SYNCR) 16 R/W 0x1002 7.7.1.1/7-6
0x0012_0002 | Synthesizer Status Register (SYNSR) 8 R 0x00 7.7.1.2/7-8
0x0012_0007 |Low Power Control Register (LPCR) 8 R/W 0x00 7.7.1.3/7-9
0x0012_0008 | Clock Control High Register (CCHR) 8 R/W 0x04 7.7.1.4/7-10
0x0012_000C | Real Time Clock Divide Register (RTCDR) 32 R/W | 0x00000000 | 7.7.1.5/7-11
0x0000_000C | Peripheral Power Management Register High (PPMRH)2 32 R/W | 0x00000000 9.2.1/9-2
0x0000_0008 | Peripheral Power Management Register Low (PPMRL)2 32 R/W | 0x00000001 9.2.1/9-2
1 Addresses not assigned to a register and undefined register bits are reserved for expansion.
2 See Section 9.2.1, “Peripheral Power Management Registers (PPMRH, PPMRL).”
7.7.1 Register Descriptions
This subsection provides a description of the clock module registers.
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Clock Module

7.7.1.1

IPSBAR

Reset

w

Synthesizer Control Register (SYNCR)

Access: Supervisor read/write
Offset: 0x12_0000 (SYNCR)

15 14 13 12 11 10 9 8
LOLRE MFD2 MFD1 MFDO LOCRE RFD2 RFD1 RFDO

0 0 0 1 0 0 0 0

7 6 5 4 3 2 1 0
LOCEN DISCLK | FWKUP — — CLKSRC! | PLLMODE | PLLEN?

0 0 0 0 0 0 1 0

Reset

Figure 7-3. Synthesizer Control Register (SYNCR)

1 The reset values of PLLEN and CLKSRC are zero, as the PLL is not enabled when the device emerges from

reset).
Table 7-4. SYNCR Field Descriptions
Field Description
15 Loss-of-lock reset enable. Determines how the system handles a loss-of-lock indication. When operating in
LOLRE normal mode, the PLL must be locked before setting the LOLRE bit. Otherwise, reset is immediately

asserted. To prevent an immediate reset, the LOLRE bit must be cleared before writing the MFD[2:0] bits
or entering stop mode with the PLL disabled.

0 No reset on loss of lock
1 Reset on loss of lock

Note: In external clock mode, the LOLRE bit has no effect.
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Clock Module

Table 7-4. SYNCR Field Descriptions (continued)

Field Description
14-12 Multiplication Factor Divider. Contain the binary value of the divider in the PLL feedback loop. The MFD[2:0]
MFD value is the multiplication factor applied to the reference frequency. When MFD[2:0] are changed or the PLL
is disabled in stop mode, the PLL loses lock.
Note: In external clock mode, the MFD[2:0] bits have no effect.
The following table shows the system frequency multiplier of the reference
frequency? in normal PLL mode.
MFD[2:0]
000% | 001 | 010 | 011 | 100 | 101 | 110 | 111
(4x) | 6x) | (8x)@ | (10x) | (12x) | (14x) | (16X) | (18x)
000 (+ 1) 4 6 8 10 12 14 16 18
001 (= 2)° 2 3 4 5 6 7 8 9
010 (= 4) 1 3/2 2 5/2 3 712 4 9/2
z 011 (= 8) 1/2 | 3/4 1 5/4 | 312 | 74 2 9/4
E 100 (= 16) 1/4 | 3/8 1/2 5/8 | 3/4 | 7/8 1 9/8
101 (= 32) 1/8 | 3/16 | 1/4 | 5/16 | 3/8 | 7/16 | 1/2 | 9/16
110 (= 64) 1/16 | 3/32 | 1/8 | 5/32 | 3/16 | 7/32 | 1/4 | 9/32
111 (+128) | 1/32 | 3/64 | 1/16 | 5/64 | 3/32 | 7/64 | 1/8 | 9/64
! fsys = fret X 2(MFD + 2)/(2 exp RFD); fret X 2(MFD + 2) <60 MHz, fgys < MHz
2 MFD = 000 not valid for f,ef < 3 MHz
3 Default value out of reset
11 Loss-of-clock reset enable. Determines how the system handles a loss-of-clock condition. When the
LOCRE LOCEN bit is clear, LOCRE has no effect. If the LOCS flag in SYNSR indicates a loss-of-clock condition,
setting the LOCRE bit causes an immediate reset. To prevent an immediate reset, the LOCRE bit must be
cleared before entering stop mode with the PLL disabled.
0 No reset on loss-of-clock
1 Reset on loss-of-clock
Note: In external clock mode, the LOCRE bit has no effect.
10-8 Reduced frequency divider field. The binary value written to RFD[2:0] is the PLL frequency divisor; see
RFD table in MFD bit description. Changes in clock frequency are synchronized to the next falling edge of the
current system clock.
Note: Changing RFD may cause a glitch in the PLL clock. To ensure correct operation of the PLL:
1. Bypass the PLL
2. Update RFD.
3. Select the PLL clock again.
The LPD (Low Power Divider) register can also be used to change system clock frequency.
7 Enables the loss-of-clock function. LOCEN does not affect the loss-of-lock function.
LOCEN 0 Loss-of-clock function disabled
1 Loss-of-clock function enabled
Note: In external clock mode, the LOCEN bit has no effect.
6 Disable CLKOUT determines whether CLKOUT is driven. Setting the DISCLK bit holds CLKOUT low.
DISCLK 0 CLKOUT enabled

1 CLKOUT disabled
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Clock Module

Table 7-4. SYNCR Field Descriptions (continued)

Field Description
5 Fast wakeup. Determines when the system clocks are enabled during wakeup from stop mode.
FWKUP 0 System clocks enabled only when PLL is locked or operating normally
1 System clocks enabled on wakeup regardless of PLL lock status
Note: When FWKUP equals 0, if the PLL or oscillator is enabled and unintentionally lost in stop mode, the
PLL wakes up in self-clocked mode or reference clock mode depending on the clock that was lost. In
external clock mode, the FWKUP bit has no effect on the wakeup sequence.
4-3 Reserved, should be cleared.
2 Clock Source. Determines whether the PLL output clock or the PLL reference clock is to drive the system
CLKSRC clock. This bit is ignored when the PLL is disabled, in which case the PLL reference clock drives the system
clock. Having this separate bit allows the PLL to first be enabled, and then the system clock can be switched
to the PLL output clock only after the PLL has locked. When disabling the PLL, the clock can be switched
before disabling the PLL so that a smooth transfer is ensured.
0) PLLreference clock (input clock) drives the system clock.
1) PLL output clock drives the system clock (provided the PLL is enabled).
1 Determines the operating mode of the PLL. This bit should only be changed after reset with the PLL
PLLMODE disabled.
0) Reserved, should be cleared.
1) PLL operates in normal mode
0 Enables and disables the PLL. If the PLL is enabled out of reset the chip does not leave the reset state until
PLLEN the PLL is locked and the system clock is driven by the PLL output clock. Use the CLKSRC control bit to
switch the system clock between the PLL output clock and PLL bypass clock after the PLL is enabled.
0) PLL is disabled
1) PLL is enabled
7.7.1.2 Synthesizer Status Register (SYNSR)

The SYNSR is a read-only register that can be read at any time. Writing to the SYNSR has no effect and
terminates the cycle normally.

IPSBAR

Access: Supervisor read/write

Offset: 0x12_0002 (SYNSR)

7 6 5 4 3 2 1 0
R| EXTOSC — — LOCKS LOCK LOCS — —

W
Reset: 1 0 0 See note 1 | See note 1 0 0 0

Note: 1. See the LOCKS and LOCK bit descriptions.

Figure 7-4. Synthesizer Status Register (SYNSR)

Table 7-5. SYNSR Field Descriptions

Field Description
7 Indicates if an external oscillator is providing the reference clock source
EXTOSC 0) Reference clock is not external oscillator
1 Reference clock is external oscillator
6-5 Reserved, should be cleared.
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Clock Module

Table 7-5. SYNSR Field Descriptions (continued)

Field

Description

LOCKS

Sticky indication of PLL lock status.

0 PLL loss of lock since last system reset or MFD change or currently not locked due to exit from STOP
with FWKUP set

1 No unintentional PLL loss of lock since last system reset or MFD change

The lock detect function sets the LOCKS bit when the PLL achieves lock after:

* A system reset

* A write to SYNCR that changes the MFD[2:0] bits

When the PLL loses lock, LOCKS is cleared. When the PLL relocks, LOCKS remains cleared until one of

the two listed events occurs.

In stop mode, if the PLL is intentionally disabled, then the LOCKS bit reflects the value prior to entering stop

mode. However, if FWKUP is set, then LOCKS is cleared until the PLL regains lock. After lock is regained,

the LOCKS bit reflects the value prior to entering stop mode. Furthermore, reading the LOCKS bit at the

same time that the PLL loses lock does not return the current loss of lock condition.

In external clock mode, LOCKS remains cleared after reset. In normal PLL mode, LOCKS is set after reset.

LOCK

Setwhen the PLL is locked. PLL lock occurs when the synthesized frequency is within approximately 0.75%
of the programmed frequency. The PLL loses lock when a frequency deviation of greater than approximately
1.5% occurs. Reading the LOCK flag at the same time that the PLL loses lock or acquires lock does not
return the current condition of the PLL. The power-on reset circuit uses the LOCK bit as a condition for
releasing reset.

If operating in external clock mode, LOCK remains cleared after reset.

0 PLL not locked

1 PLL locked

LOCS

Sticky indication of whether a loss-of-clock condition has occurred at any time since exiting reset in normal

PLL mode.

* LOCS equals 0 when the system clocks are operating normally.

* LOCS equals 1 when system clocks have failed due to a reference failure or PLL failure.

After entering stop mode with FWKUP set and the PLL and oscillator intentionally disabled

(STPMD[1:0] = 11), the PLL exits stop mode in the SCM while the oscillator starts up. During this time,

LOCS is temporarily set regardless of LOCEN. It is cleared after the oscillator comes up and the PLL is

attempting to lock.

If a read of the LOCS flag and a loss-of-clock condition occur simultaneously, the flag does not reflect the

current loss-of-clock condition.

A loss-of-clock condition can be detected only if LOCEN equals 1 or the oscillator has not yet returned from

exit from stop mode with FWKUP equaling 1.

0 Loss-of-clock not detected since exiting reset

1 Loss-of-clock detected since exiting reset or oscillator not yet recovered from exit from stop mode with
FWKUP equaling 1

Note: The LOCS flag is always 0 in external clock mode.

Reserved, should be cleared.

7.7.1.3

Low Power Control Register (LPCR)

The low power control register (LPCR) controls the low-power divider. It contains a 4-bit field that divides
down the system clock (regardless if the reference clock or PLL clock is driving the system clock) by a
factor of 2" (where n is a number from 0 to 15 represented by the 4 bit field). The clock change takes effect
with the next rising edge of the system clock.
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Clock Module

IPSBAR Access: Supervisor read/write
Offset: 0x12_0007 (LPCR)
7 6 5 4 3 2 1 0
R — — — —
LPD3 LPD2 LPD1 LPDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 7-5. Low Power Control Register (LPCR)
Table 7-6. LPCR Field Descriptions
Field Description
-4 Reserved, should be cleared.
3-0 Low-power divider factor (divides the system clock by a factor of 2-PP).
LPD

7.7.1.4 Clock Control High Register (CCHR)

The CCHR sets the pre-division factor, which divides down the PLL input clock by 1 (CCHR[2:0] = 000)
to 8 (CCHR[2:0] =111). This allows an external oscillator or crystal of more than 10 MHz to be used with
the PLL. The division factor should be set to generate an input clock for the PLL above 1 MHz and below
10 MHz. When CCHR[2:0] are changed or the PLL is disabled in stop mode, the PLL loses lock.

NOTE

The CCHR can be written at any time. However, changes take effect only
after the PLL is disabled and re-enabled.

IPSBAR Access: Supervisor read/write
Offset: 0x12_0008 (CCHR)
7 6 5 4 3 2 1 0
R — — — — —
CCHR2 CCHR1 CCHRO
W
Reset: 0 0 0 0 0 1 0 0
Figure 7-6. Clock Control High Register (CCHR)
Table 7-7. CCHR Field Descriptions
Field Description
7-3 Reserved, should be cleared.
2-0 Clock control pre-division factor (divides the PLL input clock by a factor of CCHR+1).
CCHR
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Clock Module

7.7.1.5 Real Time Clock Divide Register (RTCDR)

The Real Time Clock Divide Register is a 32 bit read/write register that divides down the oscillator clock
to a 1 Hz clock for the Real Time Clock module. If this register is programmed with zero then the clock to
the Real Time Clock module is disabled, otherwise the oscillator clock is divided by one more than the
value written to the register field (between 2 and 4,294,967,296).

IPSBAR Access: Supervisor read/write
Offset: 0x0011_000C (RTCDR)

31 30 29 28 27 26 25 24
R
RTCDF (31:24)
w
Reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
R
RTCDF (23:16)
w
Reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R
RTCDF (15:8)
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
RTCDF (7:0)
w
Reset 0 0 0 0 0 0 0 0
Figure 7-7. Real Time Clock Divide Register (RTCDR)
Table 7-8. RTCDR Field Descriptions
Field Description
31-0 Real-time clock divide factor (divides the oscillator clock by a factor of RTCDF+1).
RTCDF
Note: If RTCDF equals 0x0, the clock to the RTC module is disabled.

7.8  Functional Description

This section provides a functional description of the clock module.

7.8.1 Clock Operation During Reset

The PLL is always disabled as the part emerges from Reset, with a default configuration of external crystal
mode (although this mode also supports an external clock source). After out of reset, it is not possible to
change the input clock source, although it is possible to enable the PLL and switch between the PLL clock
and the oscillator clock as the source of the system clock.
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7.8.2 System Clock Generation

In normal PLL clock mode, the default system frequency is two times the reference frequency (i.e., clock
frequency divided by the pre-division factor specified by CCHR) after reset. The RFD[2:0] and MFD[2:0]
bits in the SYNCR select the frequency multiplier. The LPD[3:0] field in the LPCR register provides
additional settings for dividing down the system clock (including when the PLL is disabled) for low power
operation.

When programming the PLL, do not exceed the maximum system clock frequency listed in the electrical
specifications. Use this procedure to accommodate the frequency overshoot that occurs when the MFD bits
are changed:

1. Determine the appropriate value for the MFD and RFD fields in the SYNCR. The amount of jitter
in the system clocks can be minimized by selecting the maximum MFD factor that can be paired
with an RFD factor to provide the required frequency.

2. Write a value of 1 + RFD (from step 1) to the RFD field of the SYNCR.

3. Write the MFD value from step 1 to the SYNCR.

4. Monitor the LOCK flag in SYNSR. When the PLL achieves lock, write the RFD value from step
1 to the RFD field of the SYNCR. This changes the system clocks frequency to the required
frequency.

NOTE

Keep the maximum system clock frequency below the limit given in the
electrical characteristics.

7.8.3 PLL Operation

In PLL mode, the PLL synthesizes the system clocks. The PLL can multiply the reference clock frequency
by 4x to 18x, provided that the system clock frequency remains within the range listed in electrical
specifications. For example, if the reference frequency is 2 MHz, the PLL can synthesize frequencies of
8 MHz to 36 MHz. In addition, the RFD can reduce the system frequency by dividing the output of the
PLL.

Figure 7-8 shows the external support circuitry for the crystal oscillator with example component values.
Actual component values depend on crystal specifications.

The following subsections describe each major block of the PLL. Refer to Figure 7-8 to see how these
functional sub-blocks interact.
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| I:l | 25-MHz CRYSTAL CONFIGURATION
LT C1 =15 pF, C2 = 39pF
RF = 1 MQ
:gl C;: RS = 470Q
—VVV—S R1 =10 MQ
R1
VsspLL EXTAL XTAL VsspLL
ON-CHIP RS
RF
— \N\N\—e

Figure 7-8. Crystal Oscillator Example

7.8.3.1 Phase and Frequency Detector (PFD)

The PFD is a dual-latch phase-frequency detector. It compares the phase and frequency of the reference
and feedback clocks. The reference clock comes from the crystal oscillator or an external clock source.

» The feedback clock comes from the VCO output divided by the MFD in normal PLL mode.

When the frequency of the feedback clock equals the frequency of the reference clock, the PLL is
frequency-locked. If the falling edge of the feedback clock lags the falling edge of the reference clock, the
PFD pulses the UP signal. If the falling edge of the feedback clock leads the falling edge of the reference
clock, the PFD pulses the DOWN signal. The width of these pulses relative to the reference clock depends
on how much the two clocks lead or lag each other. After phase lock is achieved, the PFD continues to
pulse the UP and DOWN signals for very short durations during each reference clock cycle. These short
pulses continually update the PLL and prevent the frequency drift phenomenon known as dead-banding.

7.8.3.2 Charge Pump/Loop Filter

In normal mode the current magnitude of the charge pump varies with the MFD as shown in Table 7-9.
Table 7-9. Charge Pump Current and MFD in Normal Mode Operation

Charge Pump Current MFD
1x 0O<MFD<2
2x 2<MFD<6
4x 6 < MFD

The UP and DOWN signals from the PFD control whether the charge pump applies or removes charge,
respectively, from the loop filter. The filter is integrated on the chip.

7.8.3.3 Voltage Control Output (VCO)

The voltage across the loop filter controls the frequency of the VCO output. The frequency-to-voltage
relationship (VCO gain) is positive, and the output frequency is four times the target system frequency.
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Clock Module

7.8.3.4 Multiplication Factor Divider (MFD)

The MFD divides the output of the VCO and feeds it back to the PFD. The PFD controls the VCO
frequency via the charge pump and loop filter such that the reference and feedback clocks have the same
frequency and phase. Thus, the frequency of the input to the MFD, which is also the output of the VCO,
is the reference frequency multiplied by the same amount that the MFD divides by. For example, if the
MFD divides the VCO frequency by six, the PLL is frequency locked when the VCO frequency is six times
the reference frequency. The presence of the MFD in the loop allows the PLL to perform frequency
multiplication, or synthesis.

7.8.3.5 PLL Lock Detection

The lock detect logic monitors the reference frequency and the PLL feedback frequency to determine when
frequency lock is achieved. Phase lock is inferred by the frequency relationship, but is not guaranteed. The
LOCK flag in the SYNSR reflects the PLL lock status. A sticky lock flag, LOCKS, is also provided.

The lock detect function uses two counters: one is clocked by the reference, and the other is clocked by
the PLL feedback. When the reference counter has counted N cycles, its count is compared to that of the
feedback counter. If the feedback counter has also counted N cycles, the process is repeated for N + K
counts. Then, if the two counters continue to match, the lock criteria is relaxed by 1/2 and the system is
notified that the PLL has achieved frequency lock.

After lock is detected, the lock circuit continues to monitor the reference and feedback frequencies using
the alternate count and compare process. If the counters do not match at any comparison time, then the
LOCK flag is cleared to indicate that the PLL has lost lock. At this point, the lock criteria is tightened and
the lock detect process is repeated.

The alternate count sequences prevent false lock detects due to frequency aliasing while the PLL tries to
lock. Alternating between tight and relaxed lock criteria prevents the lock detect function from randomly
toggling between locked and non-locked status due to phase sensitivities. Figure 7-9 shows the sequence
for detecting locked and non-locked conditions.

In external clock mode, the PLL is disabled and cannot lock.
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Loss of Lock Detected
Set Tight Lock Criteria
and Notify System of Loss
of Lock Condition

Start
with Tight Lock
Criteria

Reference Count

+ Feedback Count Reference Count

# Feedback Count

Count N CountN +K
Reference Cycles Reference Cycles
and Compare and Compare Number
Number of Feedback Reference Count = of Feedback Cycles
Cycles Elapsed Feedback Count=N Elapsed

In Same Count/Compare Sequence

Reference Count = Feedback Count=N + K

Lock Detected. In Same Count/Compare Sequence

Set Relaxed Lock
Condition and Notify
System of Lock
Condition

Figure 7-9. Lock Detect Sequence

7.8.3.6 PLL Loss of Lock Conditions

After the PLL acquires lock after reset, the LOCK and LOCKS flags are set. If the MFD is changed, or if
an unexpected loss of lock condition occurs, the LOCK and LOCKS flags are negated. While the PLL is
in the non-locked condition, the system clocks continue to be sourced from the PLL as the PLL attempts
to relock. Consequently, during the relocking process, the system clocks frequency is not well defined and
may exceed the maximum system frequency, violating the system clock timing specifications.

However, after the PLL has relocked, the LOCK flag is set. The LOCKS flag remains cleared if the loss
of lock was unexpected. The LOCKS flag is set when the loss of lock is caused by changing MFD. If the
PLL is intentionally disabled during stop mode, then after exit from stop mode, the LOCKS flag reflects
the value prior to entering stop mode after lock is regained.

7.8.3.7 PLL Loss of Lock Reset

If the LOLRE bit in the SYNCR is set, a loss of lock condition asserts reset. Reset reinitializes the LOCK
and LOCKS flags. Therefore, software must read the LOL bit in the reset status register (RSR) to
determine if a loss of lock caused the reset. See Section 10.5.2, “Reset Status Register (RSR).”

To exit reset in PLL mode, the reference must be present, and the PLL must achieve lock.

In external clock mode, the PLL cannot lock. Therefore, a loss of lock condition cannot occur, and the
LOLRE bit has no effect.
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Clock Module

7.8.3.8 Loss of Clock Detection

The LOCEN bit in the SYNCR enables the loss of clock detection circuit to monitor the input clocks to
the phase and frequency detector (PFD). When the reference or feedback clock frequency falls below the
minimum frequency, the loss of clock circuit sets the sticky LOCS flag in the SYNSR.

NOTE
In external clock mode, the loss of clock circuit is disabled.

7.8.3.9 Loss of Clock Reset

The clock module can assert a reset when a loss of clock or loss of lock occurs. When a loss-of-clock
condition is recognized, reset is asserted if the LOCRE bit in SYNCR is set. The LOCS bit in SYNSR is
cleared after reset. Therefore, the LOC bit must be read in RSR to determine that a loss of clock condition
occurred. LOCRE has no effect in external clock mode.

To exit reset in PLL mode, the reference must be present, and the PLL must acquire lock.

Reset initializes the clock module registers to a known startup state as described in Section 7.7, “Memory
Map and Registers.”

7.8.3.10 Alternate Clock Selection

Depending on which clock source fails, the loss-of-clock circuit switches the system clocks source to the
remaining operational clock. The alternate clock source generates the system clocks until reset is asserted.
As Table 7-10 shows, if the reference fails, the PLL goes out of lock and into self-clocked mode (SCM).
The PLL remains in SCM until the next reset. When the PLL is operating in SCM, the system frequency
depends on the value in the RFD field. The SCM system frequency stated in electrical specifications
assumes that the RFD has been programmed to binary 000. If the loss-of-clock condition is due to PLL
failure, the PLL reference becomes the system clocks source until the next reset, even if the PLL regains
and relocks.

Table 7-10. Loss of Clock Summary

Clock System Clock Source Reference Failure Alternate Clock PLL Failure Alternate Clock
Mode Before Failure Selected by LOC Circuit! Until Reset |Selected by LOC Circuit Until Reset
PLL PLL PLL self-clocked mode PLL reference
External External clock None NA

1 The LOC circuit monitors the reference and feedback inputs to the PFD. See Figure 7-8.

A special loss-of-clock condition occurs when the reference and the PLL fail. The failures may be
simultaneous, or the PLL may fail first. In either case, the reference clock failure takes priority and the
PLL attempts to operate in SCM. If successful, the PLL remains in SCM until the next reset. If the PLL
cannot operate in SCM, the system remains static until the next reset. The reference and the PLL must be
functioning properly to exit reset.
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7.8.3.11

Loss of Clock in Stop Mode

Clock Module

Table 7-11 shows the resulting actions for a loss of clock in stop mode when the device is being clocked
by the various clocking methods.

Table 7-11. Stop Mode Operation

Expected )
Z| w| w o . o X ]
MODE | W| | x| a| Q| 2 PLL PLL Action MODE ¥ o O
Ol O] ol 2| 0| X . - Comments
In O| 0| Ol | O| = | Action at During Stop Out 8 9 g
| a| = R Stop !
EXT X [ X | X |X [ X |X — — EXT 0 0 0
Lose reference Stuck — — —
clock
NRM |0 |0 |0 |Off|Off |0 |Lose lock, |Regain NRM LK 1 LC
f.b. clock, -
reference No regain Stuck — — —
clock
NRM X |0 |0 |OffOff{1 |Lose lock, |Regainclocks,but |SCM— 0—-LK [0—1 |1-LC |BlockLOCSand
f.b. clock, |don’t regain lock |unstable LOCKS until
reference NRM clock and lock
clock respectively
regain; enter
SCM regardless
of LOCEN bit
until reference
regained
No reference SCM— 0— 0—-» |[1-> Block LOCS and
clock regain LOCKS until
clock and lock
respectively
regain; enter
SCM regardless
of LOCEN bit
No f.b. clock Stuck — — —
regain
NRM |0 |0 |0 |OfffOn|0 |Lose lock |Regain NRM LK 1 LC Block LOCKS
from being
cleared
Lose reference Stuck — — —
clock or no lock
regain
Lose reference NRM LK 1 LC Block LOCKS
clock, from being
regain cleared
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Table 7-11. Stop Mode Operation (continued)

>| w a | Expected %)
'-“ i %) ¢ )
MODE 8 E:) [ - 8 Z¥> PLL PLL Action MODE Y ) O Comments
In ol © 5' | Ol | Action at During Stop Out Q O @)
P I (@] | |
L Stop ur
NRM |0 |0 |0 |OfffOn|1 |Loselock |No lock regain Unstable 0—»LK [0-1 |LC Block LOCKS
NRM until lock
regained
Lose reference Stuck — — —
clock or no f.b.
clock regain
Lose reference Unstable 0—LK |0—1 |LC LOCS not set
clock, regain NRM because
LOCEN=0
NRM 0 |0 |0 [On|On|0 — — NRM LK 1 LC
Lose lock or clock | Stuck — — —
Lose lock, regain | NRM 0 1 LC
Lose clock and NRM 0 1 LC LOCS not set
lock, regain because
LOCEN=0
NRM 0 |0 |0 [On|On|1 — — NRM LK 1 LC
Lose lock Unstable 0 0-1 |LC
NRM
Lose lock, regain | NRM 0 1 LC
Lose clock Stuck — — —
Lose clock, regain | Unstable 0 0—-1 |LC
without lock NRM
Lose clock, regain | NRM 0 1 LC
with lock
NRM X |X |1 |Offf X [X |Loselock, |RESET RESET — — — Reset
f.b. clock, immediately
reference
clock
NRM 0 |0 |1 [On|On|X — — NRM LK 1 LC
Lose lock or clock | RESET — — — Reset
immediately
NRM 1 |0 |0 |Off|Off |0 |Lose lock, |Regain NRM LK 1 LC REF not entered
f.b. clock, during stop;
reference SCM entered
clock during stop only
during oscillator
startup
No regain Stuck — — —
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Table 7-11. Stop Mode Operation (continued)

Clock Module

> wl w a | Expected )
; %) N2 n
MODE 8 E:) xl - 8 Z¥> PLL PLL Action MODE Y ) O Comments
In ol © 5' | Ol | Action at During Stop Out O o O
| ) 4 (@) | |
L Stop ur
NRM 1 |0 [0 |OfffOn|0 |Lose lock, |Regain NRM LK 1 LC REF mode not
f.b. clock entered during
stop
No f.b. clock or Stuck — — —
lock regain
Lose reference SCM 0 0 1 Wakeup without
clock lock
NRM 1 |0 |0 |OfffOn|1 |Lose lock, |Regain f.b.clock |Unstable 0—»LK [0—1 |LC REF mode not
f.b. clock NRM entered during
stop
No f.b. clock Stuck — — —
regain
Lose reference SCM 0 0 1 Wakeup without
clock lock
NRM |1 |0 |0 |{On|On|0 — — NRM LK 1 LC
Lose reference SCM 0 0 1 Wakeup without
clock lock
Lose f.b. clock REF 0 X 1 Wakeup without
lock
Lose lock Stuck — — —
Lose lock, regain | NRM 0 1 LC
NRM |1 |0 |0 |On|On|1 — — NRM LK 1 LC
Lose reference SCM 0 0 1 Wakeup without
clock lock
Lose f.b. clock REF 0 X 1 Wakeup without
lock
Lose lock Unstable 0 0—-1 |LC
NRM
NRM |1 |0 |1 |[On|On|X — — NRM LK 1 LC
Lose lock or clock | RESET — — — Reset
immediately
NRM |1 |1 |X |Off|X |[X |Loselock, |RESET RESET — — — | Reset
f.b. clock, immediately
reference
clock
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Clock Module

Table 7-11. Stop Mode Operation (continued)

> wl w a | Expected )
; %) N n
MODE 8 E:) [ - 8 Z¥> PLL PLL Action MODE Y ) O Comments
In ol © 5' | Ol | Action at During Stop Out O o O
P I (@] | |
L Stop ur
NRM 1|1 [0 [On|On|0 — — NRM LK 1 LC
Lose clock RESET — — — | Reset
immediately
Lose lock Stuck — — —
Lose lock, regain | NRM 0 1 LC
NRM 1|1 (0 |[On|On|1 — — NRM LK 1 LC
Lose clock RESET — — — Reset
immediately
Lose lock Unstable 0 0—-1 |LC
NRM
Lose lock, regain | NRM 0 1 LC
NRM 1 |1 {1 |On|On|X — — NRM LK 1 LC
Lose clock or lock | RESET — — — Reset
immediately
REF 1 ]0 [0 X |[X |X — — REF 0 X 1
Lose reference Stuck — — —
clock
SCM 1 |0 |0 |Offf]X |0 |PLL Regain SCM SCM 0 0 1 Wakeup without
disabled lock
SCM 1 |0 [0 |Off{X |1 |PLL Regain SCM SCM 0 0 1
disabled
SCM 1 (0 [0 |On|ONn|O — — SCM 0 0 1 Wakeup without
lock
Lose reference SCM
clock
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Table 7-11. Stop Mode Operation (continued)

Clock Module

Expected )
Z| Wl w 2% . n X ]
MODE | W| x| x| | O 2 PLL PLL Action MODE v o O
O]l Ol gl ol n| X . - ) Comments
In O| O| ©| | O| =| Action at During Stop Out 3 @] o
[ Ry | o — —
Stop a
SCM 1 |0 (0 [On|On|1 — — SCM 0 0 1
Lose reference SCM
clock
Note:

PLL = PLL enabled during STOP mode. PLL = On when STPMD[1:0] = 00 or 01
OSC = oscillator enabled during STOP mode. Oscillator is on when STPMD[1:0] = 00, 01, or 10
MODES

NRM = normal PLL crystal clock reference or normal PLL external reference. During normal external reference mode, the
oscillator is never enabled. Therefore, during these modes, refer to the OSC = On case regardless of STPMD values.

EXT = external clock mode

REF = PLL reference mode due to losing PLL clock or lock from NRM mode

SCM = PLL self-clocked mode due to losing reference clock from NRM mode

RESET = immediate reset

LOCKS

LK -= expecting previous value of LOCKS before entering stop

0—LK = current value is 0 until lock is regained which then is the previous value before entering stop
0— = current value is 0 until lock is regained but lock is never expected to regain

LOCS

LC = expecting previous value of LOCS before entering stop

1-LC = current value is 1 until clock is regained which then is the previous value before entering stop
1— = current value is 1 until clock is regained but CLK is never expected to regain
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Ch

apter 8

Real-Time Clock

8.1

Introduction

This section discusses how to operate and program the real-time clock (RTC) module that maintains the

system clock, provides stopwatch, alarm, and interrupt functions, and supports the following features.

8.1.

1 Overview

Figure 8-1 is a block diagram of the Real-Time Clock (RTC) module. It consists of the following blocks:
Time-of-day (TOD) clock counter

[ TOD CLOCK -
\ | i
1 Hz Input CLock SECOND MINUTE HOUR DAY
f ] 1 PAM 2 ) |
RTC_INT J L J- - - + - ﬁ -+ ﬁ _
< INTERRUPT | Cg'{-\IOT;gL <
CONTROL
INTERRUPT Y Y Y Y
< ENABLE | ¥ ALARM COMPARATOR
SECOND MINUTE HOUR
INTERRUPT LATCH LATCH LATCH
L
STATUS & A A A
¢ PDDRESS
IPBUS
DATA DECODE MINUTE STOPWATCH
- -
BUS CONTROL
Figure 8-1. Real-Time Clock Block Diagram
8.1.2 Features

Alarm

Minute stopwatch
Associated control and bus interface hardware

The RTC module includes the following features:
Full clock—days, hours, minutes, seconds
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8.1.3

Real-Time Clock

Minute countdown timer with interrupt
Programmable daily alarm with interrupt
Once-per-day, once-per-hour, once-per-minute, and once-per-second interrupts

Modes of Operation

The incoming 1 Hz signal is used to increment the seconds, minutes, hours, and days TOD counters. The
alarm functions, when enabled, generate RTC interrupts when the TOD settings reach programmed values.
The sampling timer generates fixed-frequency interrupts, and the minute stopwatch allows for efficient
interrupts on minute boundaries.

8.2

Counter

The counter portion of the RTC module consists of four groups of counters that are physically
located in three registers:

— The 6-bit seconds counter is located in the SECONDS register

— The 6-bit minutes counter and the 5-bit hours counter are located in the HOURMIN register
— The 16-bit day counter is located in the DAYR register

Alarm

There are three alarm registers that mirror the three counter registers. An alarm is set by accessing
the real-time clock alarm registers (ALRM_HM, ALRM_SEC, and DAYALARM) and loading the
exact time that the alarm should generate an interrupt. When the TOD clock value and the alarm
value coincide, an interrupt occurs one half second later.

Minute Stopwatch

The minute stopwatch performs a countdown with a one minute resolution. It can be used to
generate an interrupt on a minute boundary.

Memory Map/Register Definition

The RTC module includes 10 32-bit registers. Table 8-1 summarizes these registers and their addresses.

Table 8-1. RTC Module Register Memory Map

IPSBAR Offset Use Access
0x03CO0 RTC Hours and Minutes Counter Register (HOURMIN) read/write
0x03C4 RTC Seconds Counter Register (SECONDS) read/write
0x03C8 RTC Hours and Minutes Alarm Register (ALRM_HM) read/write
0x03CC RTC Seconds Alarm Register (ALRM_SEC) read/write
0x03D0 RTC Control Register (RTCCTL) read/write
0x03D4 RTC Interrupt Status Register (RTCISR) read/write
0x03D8 RTC Interrupt Enable Register (RTCIENR) read/write
0x03DC Stopwatch Minutes Register (STPWCH) read/write
0x03EO0 RTC Days Counter Register (DAYS) read/write
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Real-Time Clock

Table 8-1. RTC Module Register Memory Map (continued)

IPSBAR Offset Use Access
0x03E4 RTC Day Alarm Register (ALRM_DAY) read/write
0x03F0 Reserved —

8.2.1 RTC Hours and Minutes Counter Register (HOURMIN)

The real-time clock hours and minutes counter register (HOURMIN) is used to program the hours and
minutes for the TOD clock. It can be read or written at any time. After a write, the time changes to the new
value. A power-on reset (POR) sets the RTC to the reset values shown in Figure 8-2.

IPSBAR Access: User read/write
Offset: 0x03C0 (HOURMIN)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Rl O 0 0 0 0
HOURS MINUTES
w
Reset! 0 0 0 ? ‘ ? ? ? ? 0 0 ? ? ? ? ? ?

1 After power-on reset (POR)
Figure 8-2. RTC Hours and Minutes Counter Register (HOURMIN)

Table 8-2. HOURMIN Field Descriptions

Field Description
31-13 Reserved, should be cleared.
12-8 Hour setting; can be set to any value between 0 and 23.
HOURS
7—-6 Reserved, should be cleared.
5-0 Minutes setting; can be set to any value between 0 and 59.
MINUTES

8.2.2 RTC Seconds Counter Register (SECONDS)

The real-time clock seconds register (SECONDYS) is used to program the seconds for the TOD clock. It
can be read or written at any time. After a write, the time changes to the new value. A power-on reset
(POR) sets the RTC to the reset values shown in Figure 8-3.
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Real-Time Clock

IPSBAR Access: User read/write
Offset: 0x03C4 (SECONDS)

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

R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset! 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R| O 0 0 0 0 0 0 0 0 0
SECONDS

w

Reset! 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ?

Figure 8-3. RTC Seconds Counter Register (SECONDS)
1 After power-on reset (POR)

Table 8-3. SECONDS Field Descriptions

Field Description

31-6 Reserved, should be cleared.

5-0 Seconds setting; can be set to any value between 0 and 59.
SECONDS

8.2.3 RTC Hours and Minutes Alarm Register (ALRM_HM)

The real-time clock hours and minutes alarm (ALRM_HM) register is used to configure the hours and
minutes setting for the alarm. The alarm settings can be read or written at any time.

IPSBAR Access: User read/write
Offset: 0x03C8 (ALRM_HM)

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

Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

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

HOURS MINUTES

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

Figure 8-4. RTC Hours and Minutes Alarm Register (ALRM_HM)
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Real-Time Clock

Table 8-4. ALRM_HM Field Descriptions

Field Description
31-13 Reserved, should be cleared.
12-8 Alarm hour setting; can be set to any value between 0 and 23.
HOURS
7-6 Reserved, should be cleared.
5-0 Alarm minute setting; can be set to any value between 0 and 59.
MINUTES

8.2.4 RTC Seconds Alarm Register (ALRM_SEC)

The real-time clock seconds alarm (ALRM_SEC) register is used to configure the seconds setting for the
alarm. The alarm settings can be read or written at any time.

IPSBAR Access: User read/write
Offset: 0x03CC (ALRM_SEC)

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

Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

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

SECONDS

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-5. RTC Seconds Alarm Register (ALRM_SEC)

Table 8-5. ALRM_SEC Field Descriptions

Field Description

31-6 Reserved, should be cleared.

5-0 Alarm seconds setting; can be set to any value between 0 and 59.
SECONDS

8.2.5 RTC Control Register (RTCCTL)

The real-time clock control (RTCCTL) register is used to enable the real-time clock module and specify
the reference frequency information for the prescaler.
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Real-Time Clock

IPSBAR Access: User read/write
Offset: 0x03DO0 (RTCCTL)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 7 6 2 0
R O 0 0 0 0 0 0 0 0 0 0 0 0 0
EN SWR
W
Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Figure 8-6. RTC Control Register (RTCCTL)
Table 8-6. RTCCTL Field Descriptions
Field Description
31-8 Reserved, should be cleared.
7 RTC Enables/Disable bit. This bit enables/disables the RTC. The software reset bit (SWR) has no effect on this bit.
EN Bit description
0 Disable the real-time clock
1 Enable the real-time clock
6-1 Reserved, should be cleared.
0 Software Reset bit. This bit resets the RTC to its default state. However, a software reset has no effect on the EN bit.
SWR |0 No effect
1 Reset the module to its default state
8.2.6 RTC Interrupt Status Register (RTCISR)

The real-time clock interrupt status register (RTCISR) indicates the status of the various real-time clock
interrupts. When an event of the types included in this register occurs, then the bit is set in this register

regardless of its corresponding interrupt enable bit. These bits are cleared by writing a 1 to them; this also
clears the interrupt. Interrupts may occur while the system clock is idle or in sleep mode.
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Real-Time Clock

IPSBAR Access: User read/write
Offset: 0x03D4 (RTCISR)

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

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

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

HR | 1HZ | DAY | ALM | MIN | SW

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

Figure 8-7. RTC Interrupt Status Register (RTCISR)

Table 8-7. RTCISR Field Descriptions

Field Description
31-6 Reserved, should be cleared.
5 Hour flag bit. This bit indicates whether the hour counter has incremented. If enabled, this bit is set on every
HR increment of the RTC hour counter.

0 No 1-hour interrupt occurred
1 A 1-hour interrupt has occurred

4 1 Hz flag bit. This bit indicates whether the second counter has incremented. If enabled, this bitis set on every
1HZ increment of the RTC second counter.
0 No 1 Hz interrupt occurred
1 A1 Hzinterrupt has occurred

3 Day flag bit. This bit indicates whether the day counter has incremented. If enabled, this bit is set on every
DAY increment of the RTC day counter.
0 No 24-hour rollover interrupt occurred
1 A 24-hour rollover interrupt has occurred

2 Alarm flag bit. This bit indicates that the RTC time matches the value in the alarm registers. The alarm
ALM reoccurs every 65536 days. For a single alarm, clear the interrupt enable for this bit in the interrupt service
routine.

0 No alarm interrupt occurred
1 An alarm interrupt has occurred

1 Minute flag bit. This bit indicates that the minute counter has incremented. If enabled, this bit is set on every
MIN increment of the RTC minute counter.
0 No 1-minute interrupt occurred
1 A 1-minute interrupt has occurred

0 Stopwatch flag bit. This bit indicates that the stopwatch countdown has timed out.
SW 0 The stopwatch did not time out.
1 The stopwatch timed out.
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Real-Time Clock

8.2.7 RTC Interrupt Enable Register (RTCIENR)

The real-time clock interrupt enable register (RTCIENR) is used to enable/disable the various real-time
clock interrupts. Masking an interrupt bit has no effect on its corresponding status bit.

IPSBAR 0x03D8 (RTCIENR) Access: User read/write
Offset:

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

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

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

HR | 1HZ | DAY | ALM | MIN | SW

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-8. RTC Interrupt Enable Register (RTCIENR)

Table 8-8. RTCIENR Field Descriptions

Field Description
31-6 Reserved, should be cleared.
5 Hour interrupt enable bit. This bit enables/disables an interrupt when the hour counter of the real-time clock
HR increments.

0 The 1-hour interrupt id disabled.
1 The 1-hour interrupt is enabled.

4 1 Hz interrupt enable bit. This bit enables/disables an interrupt when the second counter of the real-time clock
1HzZ increments.
0 The 1 Hz interrupt is disabled.
1 The 1 Hz interrupt is enabled.

3 Day interrupt enable bit. This bit enables/disables an interrupt when the hours counter rolls over from 23 to 0
DAY (midnight rollover).
0 The 24-hour interrupt is disabled.
1 The 24-hour interrupt is enabled.

2 Alarm interrupt enable bit. This bit enables/disables the alarm interrupt.
ALM 0 The alarm interrupt is disabled.
1 The alarm interrupt is enabled.
1 Minute interrupt enable bit. This bit enables/disables an interrupt when the RTC minute counter increments.
MIN 0 The 1-minute interrupt is disabled.
1 The 1-minute interrupt is enabled.
0 Stopwatch interrupt enable; enables/disables the stopwatch interrupt. The stopwatch counts down and
SW remains at decimal -1 until it is reprogrammed. If this bit is enabled with -1 (decimal) in the STPWCH register,

an interrupt is posted on the next minute tick.
Bit description

1 = Stopwatch interrupt is enabled.

0 = Stopwatch interrupt is disabled.
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8.2.8

RTC Stopwatch Minutes Register (STPWCH)

The stopwatch minutes (STPWCH) register contains the current stopwatch countdown value. When the
minute counter of the TOD clock increments, the value in this register decrements.

IPSBAR

Access: User read/write

Offset: 0x03DC (STPWCH)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wi
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0
CNT
W
Reset 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
Figure 8-9. RTC Stopwatch Minutes Register (STPWCH)
Table 8-9. STPWCH Field Descriptions
Field Description
31-6 Reserved, should be cleared.
5-0 Stopwatch count. This field contains the stopwatch countdown value.
CNT
Note: The stopwatch counter is decremented by the minute (MIN) tick output from the real-time clock, so the
average tolerance of the count is 0.5 minutes. For better accuracy, enable the stopwatch by polling the
MIN bit of the RTCISR register or by polling the minute interrupt service routine.
8.2.9 RTC Days Counter Register (DAYS)

The real-time clock days counter register (DAY'S) is used to program the day for the TOD clock. When the
HOUR field of the HOURMIN register rolls over from 23 to 00, the day counter increments. It can be read
or written at any time. After a write, the time changes to the new value. This register cannot be reset
because the real-time clock is always enabled at reset. Only 16-bit accesses to this register are allowed.
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Real-Time Clock

IPSBAR Access: User read/write
Offset: OxO3EO0 (DAYS)

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

R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
DAYS
w
Reset ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
Figure 8-10. RTC Days Counter Register (DAYS)
Table 8-10. DAYS Field Descriptions
Field Description
31-16 Reserved, should be cleared.
15-0 Day Setting. This field indicates the current day count, and can be set to any value between 0 and 65535.
DAYS

8.2.10 RTC Day Alarm Register (ALRM_DAY)

The real-time clock day alarm (ALRM_DAY) register is used to configure the day for the alarm. The alarm
settings can be read or written at any time.

IPSBAR Access: User read/write
Offset: 0XO3E4 (ALRM_DAY)

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

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

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

DAYSAL

Reset O 0

o

0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 8-11. RTC Day Alarm Register (ALRM_DAY)
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Table 8-11. ALRM_DAY Field Descriptions

Field Description

31-16 Reserved, should be cleared.

15-0 Day Setting of the Alarm. This field can be set to any value between 0 and 65535.
DAYSAL

8.3  Functional Description

The RTC uses a supplied 1 Hz signal to increment the seconds, minutes, hours, and days TOD counters.
The alarm functions, when enabled, generate RTC interrupts when the TOD settings reach programmed
values. The minute stopwatch allows for efficient interrupts on minute boundaries.

8.3.1 Prescaler and Counter

A 1 Hz clock is supplied to the RTC. This 1 Hz clock drives the RTC’s counters. The counter portion of
the RTC module consists of four groups of counters that are physically located in three registers:

* The 6-bit seconds counter is located in the SECONDS register
» The 6-bit minutes counter and the 5-bit hours counter are located in the HOURMIN register
» The 16-bit day counter is located in the DAYR register

These counters cover a 24-hour clock over 65536 days. All three registers can be read or written at any
time.

Interrupts signal when each of the four counters increments, and can be used to indicate when a counter
rolls over. For example, each tick of the seconds counter causes the 1HZ interrupt flag to be set. When the
seconds counter rolls from 59 to 00, the minute counter increments and the MIN interrupt flag is set. The
same is true for the minute counter with the HR signal, and the hour counter with the DAY signal.

8.3.2 Alarm

There are three alarm registers that mirror the three counter registers. An alarm is set by accessing the
real-time clock alarm registers (ALRM_HM, ALRM_SEC, and DAYALARM) and loading the exact time
that the alarm should generate an interrupt. If RTCIENR[ALM] is set, when the TOD clock value and the
alarm value coincide, an interrupt occurs one half second later. If the alarm is not disabled, it reoccurs
every 65536 days. If a single alarm is desired, the alarm function must be disabled through RTCIENR.

8.3.3 Minute Stopwatch

The minute stopwatch performs a countdown with a one minute resolution. It can be used to generate an
interrupt on a minute boundary. At each minute, the value in the stopwatch is decremented. When the
stopwatch value reaches -1, the interrupt occurs. The value of the register does not change until it is
reprogrammed. The actual delay includes the seconds from setting the stopwatch to the next minute tick.
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Real-Time Clock

8.4 Initialization/Application Information

8.4.1 RTC Register Access Protocol

1. Perform dummy read access to a non-RTC address location.
2. Perform dummy read to the targeted RTC address location.
3. Perform actual read or write access to the targeted RTC address location.

Steps 1 and 2 can be combined into one cycle that is a dummy read access to a non-RTC but targeted RTC
address location. Then the protocol is:

1. Perform dummy read access to a non-RTC, targeted RTC address location.
2. Perform actual read or write access to targeted RTC address location.

8.4.2 Flow Chart of RTC Operation
Figure 8-12 shows the flow chart of a typical RTC operation.

( Configure RTC Control Register

Y

Config RTC Days Counter Register

v

Config RTC Seconds Counter Reg

Y

Config RTC Hr/Min Counter Register

i

Config RTC Alarm Registers

v

Config RTC Interrupt Enable Reg

¢

C Check RTC Interrupt Status Register>

NN AN,

N N YN Y
N

Figure 8-12. Flow Chart of RTC Operation

8.4.3 Code Example for Initializing the Real-Time Clock

Figure 8-13 shows sample code for initializing the RTC.
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Real-Time Clock

/* Set real-time clock freq */
MCF_CLOCK_RTCDR = 48000000; /* Device-dependent */

MCF_RTC_HOURMIN
MCF_RTC_HOURMIN
MCF_RTC_SECONDS

MCF_RTC_HOURMIN_HOURS(((uint32)time_temp % 24));
MCF_RTC_HOURMIN_MINUTES(((uint32)time_temp % 60));
MCF_RTC_SECONDS_SECONDS(((uint32)time_temp % 60));

Figure 8-13. Code Example for Initializing the Real-Time Clock
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Chapter 9
Power Management

9.1 Introduction
This chapter explains the low-power operation of the MCF52235.

9.1.1 Features

The following features support low-power operation.
* Four modes of operation: run, wait, doze, and stop
e Ability to shut down most peripherals independently
o Ability to shut down the external CLKOUT pin

9.2 Memory Map/Register Definition

The power management programming model consists of registers from the SCM and CCM memory space,
as shown in Table 9-1.

Table 9-1. Power Management Memory Map

IPSBAR . Width .

Offset! Register (bits) Access | Reset Value | Section/Page
Ox11 0004 |Chip Configuration Register (CCR)? 16 R 0x0001 12.3.3.1/12-3
0x11_0007 |Low-Power Control Register (LPCR) 8 R/W 0x00 9.2.4.1/9-8

0x00_000C | Peripheral Power Management Register High (PPMRH) 32 R/W | 0x00000000 9.2.1/9-2

0x00_0010 |Core Reset Status Register (CRSR)3 8 R/W 10.5.2/10-4
0x00_0011 |Core Watchdog Control Register (CWCR)3 8 R/W 0x00 10.5.1/10-3
0x00_0012 | Low-Power Interrupt Control Register (LPICR) 8 R/W 0x00 9.2.2/9-5
0x00_0013 | Core Watchdog Service Register (CWSR)3 8 R/W 13.5.5/13-9
0x00_0018 | Peripheral Power Management Register Low (PPMRL) 32 R/W | 0x00000001 9.2.1.1/9-4
0x00_0021 | Peripheral Power Management Set Register (PPMRS) 8 W 0x00 9.2.3/9-7
0x00_0022 | Peripheral Power Management Clear Register (PPMRC) 32 R/W 0x00 9.2.4/9-8

Addresses not assigned to a register and undefined register bits are reserved for expansion.

The CCR is described in the Chip Configuration Module. It is shown here only to warn against accidental writes to this register
when accessing the LPCR.

The CRSR, CWCR, and CWSR are described in the System Control Module. They are shown here only to warn against
accidental writes to these registers when accessing the LPICR.
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9.2.1 Peripheral Power Management Registers (PPMRH, PPMRL)

The PPMRH and PPMRL registers provide a bit map for controlling the generation of the module clocks
for each decoded address space associated with the IPS controller. The PPMRx provides a unique control
bit for each of these address spaces that defines whether the module clock for the given space is enabled
or disabled.

NOTE

It is software’s responsibility to appropriately disable module clocks using
the PPMRx only when a module is completely unused or quiescent.

Because the operation of the IPS controller and the system control module (SCM) are fundamental to the
operation of the system, the clocks for these three modules cannot be disabled.

The individual bits of the PPMRXx can be modified using a read-modify-write to this register directly or
indirectly through writes to the PPMRS and PPMRC registers to set/clear individual bits.

See Figure 9-1 and Table 9-2 for the PPMRH definition.

IPSBAR 0x00_000C (PPMRH) Access: read/write
Offset:
31 30 29 28 27 26 25 24
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R 0 0
W CDRNGA CDEPHY CDCFM CDFCAN CDPWM CDGPT
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0 0
W CDADC CDPIT1 CDPITO CDEPORT |CDPORTS
Reset 0 0 0 0 0 0 0 0

Figure 9-1. Peripheral Power Management Register High (PPMRH)
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Table 9-2. PPMRH Field Descriptions

Power Management

Field Description
31-14 Reserved, should be cleared.
13 Disable clock to the RNGA (Random Number Generator Accelerator Module)
CDRNGA 0 RNGA module clock is enabled
1 RNGA module clock is disabled
12 Disable clock to the EPHY (Ethernet PHY Module))
CDEPHY 0 EPHY module clock is enabled
1 EPHY module clock is disabled
11 Disable clock to the CFM (Common Flash Module)
CDCFM 0 CFM module clock is enabled
1 CFM module clock is disabled
10 Disable clock to the FlexCAN module.
CDFCAN 0 FlexCAN module clock is enabled
1 FlexCAN module clock is disabled
9 Disable clock to the PWM module.
CDPWM 0 PWM module clock is enabled
1 PWM module clock is disabled
8 Disable clock to the 16 bit general purpose timer module (GPT).
CDGPT 0 GPT module clock is enabled
1 GPT module clock is disabled
7 Disable clock to the ADC module.
CDADC 0 ADC module clock is enabled
1 ADC module clock is disabled
6-5 Reserved, should be cleared.
4 Disable clock to the PIT1 module.
CDPIT1 0 PITO module clock is enabled
1 PIT1 module clock is disabled
3 Disable clock to the PITO module.
CDPITO 0 PITO module clock is enabled
1 PITO module clock is disabled
2 Reserved, should be cleared.
1 Disable clock to both EPORT modules.
CDEPORT 0 EPORT module clock is enabled
1 EPORT module clock is disabled
0 Disable clock to the Ports module.
CDPORTS 0 Ports module clock is enabled
1 Ports module clock is disabled
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9.21.1 Peripheral Power Management Register Low (PPMRL)

IPSBAR 0x00_0018 (PPMRL) Access: read/write
Offset:
31 30 29 28 27 26 25 24
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
R 0 0 0 0
W CDFECO CDINTC1 CDINTCO CDTMR3
Reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R 0 0
W CDTMR2 CDTMR1 CDTMRO CDRTC CDQSPI CDI2C
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0 0
W CDUART2 CDUART1 CDUARTO CDDMA CDG
Reset 0 0 0 0 1 0 0 0

Figure 9-2. Peripheral Power Management Register Low (PPMRL)

Table 9-3. PPMRL Field Descriptions

Field Description
31-22 Reserved, should be cleared.
21 Disable clock to the FEC (Fast Ethernet Controller) module.
CDFECO 0 FEC module clock is enabled
1 FEC module clock is disabled
20-19 Reserved, should be cleared.
18 Disable clock to the INTC1 module.

CDINTCO 0 INTC1 module clock is enabled
1 INTC1 module clock is disabled

17 Disable clock to the INTCO module.
CDINTCO 0 INTCO module clock is enabled
1 INTCO module clock is disabled

16 Disable clock to the DTIM3 module.
CDTMR3 0 TMR3 module clock is enabled
1 TMR3 module clock is disabled

15 Disable clock to the DTIM2 module.
CDTMR2 0 TMR2 module clock is enabled

1 TMR2 module clock is disabled
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Table 9-3. PPMRL Field Descriptions (continued)

Power Management

Field Description
14 Disable clock to the DTIM1 module.
CDTMR1 0 TMR1 module clock is enabled
1 TMR1 module clock is disabled
13 Disable clock to the DTIMO module.
CDTMRO 0 TMRO module clock is enabled
1 TMRO module clock is disabled
12 Disable clock to the RTC (Real-Time Clock) module.
CDRTC 0 RTC module clock is enabled
1 RTC module clock is disabled
11 Reserved, should be cleared.
10 Disable clock to the QSPI module.
CDQSPI 0 QSPI module clock is enabled
1 QSPI module clock is disabled
9 Disable clock to the 12C module.
CDI2C 0 12C module clock is enabled
1 12C module clock is disabled
8 Reserved, should be cleared.
7 Disable clock to the UART2 module.
CDUART2 0 UART1 module clock is enabled
1 UART2 module clock is disabled
6 Disable clock to the UART1 module.
CDUART1 0 UART1 module clock is enabled
1 UART1 module clock is disabled
5 Disable clock to the UARTO module.
CDUARTO 0 UARTO module clock is enabled
1 UARTO module clock is disabled
4 Disable clock to the DMA module.
CDDMA 0 DMA module clock is enabled
1 DMA module clock is disabled
3-2 Reserved, should be cleared.
1 Disable clock to the Global off-platform modules.
CDG 0 Global off-platform module clocks are enabled
1 Global off-platform module clocks are disabled
0 Reserved, should be cleared.

9.2.2 Low-Power Interrupt Control Register (LPICR)

Implementation of low-power stop mode and exit from a low-power mode via an interrupt require

communication between the CPU and logic associated with the interrupt controller. The LPICR is an 8-bit
register that enables entry into low-power stop mode, and includes the setting of the interrupt level needed
to exit a low-power mode.
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NOTE

The setting of the low-power mode select (LPMD) field in the power
management module’s low-power control register (LPCR) determines
which low-power mode the device enters when a STOP instruction is issued.

If this field is set to enter stop mode, then the ENBSTOP bit in the LPICR
must also be set.

The following is the sequence of operations needed to enable this functionality:

1. The LPICR is programmed, setting the ENBSTOP bit (if stop mode is the desired low-power
mode) and loading the appropriate interrupt priority level.

2. At the appropriate time, the processor executes the privileged STOP instruction. After the
processor has stopped execution, it asserts a specific Processor Status (PST) encoding. Issuing the
STOP instruction when the LPICR[ENBSTOP] bit is set causes the SCM to enter stop mode.

3. The entry into a low-power mode is processed by the low-power mode control logic, and the
appropriate clocks (usually those related to the high-speed processor core) are disabled.

4. After entering the low-power mode, the interrupt controller enables a combinational logic path
which evaluates any unmasked interrupt requests. The device waits for an event to generate an
interrupt request with a priority level greater than the value programmed in
LPICR[XLPM_IPL[2:0]].

NOTE

Only a fixed (external) interrupt can bring a device out of stop mode. To exit
from other low-power modes, such as doze or wait, fixed or programmable
interrupts may be used; however, the module generating the interrupt must
be enabled in that particular low-power mode.

5. After an appropriately high interrupt request level arrives, the interrupt controller signals its
presence, and the SCM responds by asserting the request to exit low-power mode.

6. The low-power mode control logic senses the request signal and re-enables the appropriate clocks.

7. With the processor clocks enabled, the core processes the pending interrupt request.

IPSBAR 0x00_0012 (LPICR) Access: read/write
Offset:
7 6 5 4 3 2 1
0 0 0 0
ENBSTOP XLPM_IPL[2:0]
w
Reset: 0 0 0 0 0 0 0 0

Figure 9-3. Low-Power Interrupt Control Register (LPICR)

Table 9-4. LPICR Field Description

Field Description
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Table 9-4. LPICR Field Description (continued)

7 Enable low-power stop mode.
ENBSTOP |0 Low-power stop mode disabled
1 Low-power stop mode enabled. After the core is stopped and the signal to enter stop mode is asserted,

processor clocks can be disabled.

64 Exit low-power mode interrupt priority level. This field defines the interrupt priority level needed to exit the
XLPM_IPL | low-power mode.Refer to Table 9-5.

[2:0]

3-0 Reserved, should be cleared.

Table 9-5. XLPM_IPL Settings

XLPM_IPL[2:0]

Interrupts Level Needed to Exit Low-Power Mode

000

Any interrupt request exits low-power mode

001

Interrupt request levels 2—7 exit low-power mode

010

Interrupt request levels 3—7 exit low-power mode

011

Interrupt request levels 4—7 exit low-power mode

100

Interrupt request levels 5-7 exit low-power mode

101

Interrupt request levels 6-7 exit low-power mode

11x

Interrupt request level 7 exits low-power mode

9.2.3 Peripheral Power Management Set Register (PPMRS)

The PPMRS register provides a simple memory-mapped mechanism to set a given bit in the PPMRx
registers to disable the clock for a given IPS module without the need to perform a read-modify-write on
the PPMR. The data value on a register write causes the corresponding bit in the PPMRX register to be set.
A data value of 64 to 127 provides a global set function, forcing the entire contents of the PPMRX to be
set, disabling all IPS module clocks. Reads of this register return all zeroes. See Figure 9-4 and Table 9-6

for the PPMRS definition.

IPSBAR 0x00_0021 (PPMRS)

Access: write-only

Offset:
7 6 5 4 3 2 1 0
R 0
W PPMRS
Reset: 0 0 0 0 0 0 0 0

Figure 9-4. Peripheral Power Management Set Register (PPMRS)
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Table 9-6. PPMRS Field Descriptions

Field Description

7 Reserved, should be cleared.

6-0 Set Module Clock Disable
PPMRS 0-63 Set corresponding bit in PPMRX, disabling the module clock
64-127 Set all bits in PPMRX, disabling all the module clocks

9.24 Peripheral Power Management Clear Register (PPMRC)

The PPMRC register provides a simple memory-mapped mechanism to clear a given bit in the PPMRx
registers to enable the clock for a given IPS module without the need to perform a read-modify-write on
the PPMRXx. The data value on a register write causes the corresponding bit in the PPMRX register to be
cleared. A data value of 64 to 127 provides a global clear function, forcing the entire contents of the
PPMRXx to be zeroed, enabling all IPS module clocks. In the event on simultaneous writes of the PPMRS
and PPMRC, the write to the PPMRC takes priority. Reads of this register return all zeroes. See Figure 9-5
and Table 9-7 for the PPMRC definition.

IPSBAR 0x00_0022 (PPMRC) Access: write-only
Offset:
7 6 5 4 3 2 1 0
R 0
W PPMRC
Reset: 0 0 0 0 0 0 0 0

Figure 9-5. Peripheral Power Management Clear Register (PPMRC)

Table 9-7. PPMRC Field Descriptions

Field Description

7 Reserved, should be cleared.

6-0 Clear Module Clock Disable
PPMRC 0-63 Clear corresponding bit in PPMRYX, enabling the module clock
64-127 Clear all bits in PPMRX, enabling all the module clocks

9.24.1 Low-Power Control Register (LPCR)

The LPCR controls chip operation and module operation during low-power modes. The low-power control
register (LPCR) specifies the low-power mode entered when the STOP instruction is issued, and controls
clock activity in this low-power mode.
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IPSBAR 0x11_0007 (LPCR) Access: read/write
Offset:
7 6 5 4 ‘ 3 2 1
R 0 0 0
LPMD STPMD LVDSE
w
Reset: 0 0 0 0 ‘ 0 0 0 0
Figure 9-6. Low-Power Control Register (LPCR)
Table 9-8. LPCR Field Descriptions
Field Description
7-6 Low-power mode select. Used to select the low-power mode the chip enters after the ColdFire CPU executes the
LPMD STOP instruction. These bits must be written prior to instruction execution for them to take effect. The LPMD[1:0]
bits are readable and writable in all modes. The four different power modes that can be configured with the LPMD
bit field are illustrated below:
LPMDI[1:0] Mode
11 STOP
10 WAIT
01 DOZE
00 RUN
Note: If LPCR[LPMD] is cleared, then the device stops executing code upon issue of a STOP instruction.
However, no clocks is disabled.
5 Reserved, should be cleared.
4-3 PLL/CLKOUT stop mode. Controls PLL and CLKOUT operation in stop mode as shown in Table 9-10
STPMD
2 Reserved, should be cleared.
1 LDV standby enable. Controls whether the PMM enters VREG Standby Mode (LVD disabled) or VREG
LVDSE | Pseudo-Standby (LVD enabled) mode when the PMM receives a power down request. This bit has no effect if the
RCRI[LVDE] bit is a logic 0.
1 VREG Pseudo-Standby mode (LVD enabled on power down request).
0 VREG Standby mode (LVD disabled on power down request).
0 Reserved, should be cleared.

9.3 IPS Bus Timeout Monitor

The IPS controller implements a bus timeout monitor to ensure that every IPS bus cycle is properly
terminated within a programmed period of time. The monitor continually checks for termination of each

IPS bus cyc

le and completes the cycle if there is no response when the programmed monitor cycle count

is reached. The error termination is propagated onto the system bus and eventually back to the ColdFire

Core.
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The monitor can be programmed from 8-1024 system bus cycles under control of the IPS Bus Monitor
Timeout Register (IPSBMT). The timeout value must be selected so that it is larger than the response time
of the slowest IPS peripheral device. The bus timeout monitor begins counting on the initial assertion of
any IPS module enable and continues to count until the bus cycle is terminated via the negation of
ips_xfr_wait. If the programmed timeout value is reached before a termination, the bus monitor completes
the cycle with an error termination. At reset, the IPSBMT is enabled with a maximum timeout value. See
Figure 9-7 and Table 9-9 for the IPSBMT definition.

0x00_0023 (IPSBMT) Access: read/write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0
BME BMT
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Figure 9-7. IPS Bus Timeout Monitor (IPSBMT) Register
Table 9-9. IPSBMT Field Description
Field Description
15-4 Reserved, should be cleared.
3 Bus Timeout Monitor Enable
BME 0 The bus timeout monitor is disabled.
1 The bus timeout monitor is enabled.
2-0 Bus Monitor Timeout. This field selects the timeout period (measured in system bus clock cycles) for the bus

BMT[2:0] monitor.

000 1024 cycles
001 512 cycles
010 256 cycles
011 128 cycles
100 64 cycles
101 32 cycles
110 16 cycles
111 8cycles

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

9-10 Freescale Semiconductor

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Power Management

9.4  Functional Description
Table 9-10. PLL/CLKOUT Stop Mode Operation

Operation During Stop Mode
STPMDJ[1:0]
System Clocks CLKOUT PLL osC PMM
00 Disabled Enabled Enabled Enabled Enabled
01 Disabled Disabled Enabled Enabled Enabled
10 Disabled Disabled Disabled Enabled Enabled
11 Disabled Disabled Disabled Disabled Low-Power Option

The functions and characteristics of the low-power modes, and how each module is affected by, or affects
these modes are discussed in this section.

9.4.1 Low-Power Modes

The system enters a low-power mode by executing a STOP instruction. Which mode the device actually
enters (stop, wait, or doze) depends on what is programmed in LPCR[LPMD]. Entry into any of these
modes idles the CPU with no cycles active, powers down the system and stops all internal clocks
appropriately. During stop mode, the system clock is stopped low.

For entry into stop mode, the LPICR[ENBSTOP] bit must be set before a STOP instruction is issued.
A wakeup event is required to exit a low-power mode and return to run mode. Wakeup events consist of
any of these conditions:

* Any type of reset
» Any valid, enabled interrupt request

Exiting from low power mode via an interrupt request requires:

* Aninterrupt request whose priority is higher than the value programmed in the XLPM_IPL field
of the LPICR.

* Aninterrupt request whose priority higher than the value programmed in the interrupt priority
mask () field of the core’s status register.

* Aninterrupt request from a source which is not masked in the interrupt controller’s interrupt mask
register.

» Aninterrupt request which has been enabled at the module of the interrupt’s origin.

94.1.1 Run Mode

Run mode is the normal system operating mode. Current consumption in this mode is related directly to
the system clock frequency.
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9.4.1.2 Wait Mode

Wait mode is intended to be used to stop only the CPU and memory clocks until a wakeup event is
detected. In this mode, peripherals may be programmed to continue operating and can generate interrupts,
which cause the CPU to exit from wait mode.

9.4.1.3 Doze Mode

Doze mode affects the CPU in the same manner as wait mode, except that each peripheral defines
individual operational characteristics in doze mode. Peripherals which continue to run and have the
capability of producing interrupts may cause the CPU to exit the doze mode and return to run mode.
Peripherals which are stopped restart operation on exit from doze mode as defined for each peripheral.

94.1.4 Stop Mode

Stop mode affects the CPU in the same manner as the wait and doze modes, except that all clocks to the
system are stopped and the peripherals cease operation.

Stop mode must be entered in a controlled manner to ensure that any current operation is properly
terminated. When exiting stop mode, most peripherals retain their pre-stop status and resume operation.

The following subsections specify the operation of each module while in and when exiting low-power
modes.
9.4.15 Peripheral Shut Down

Most peripherals may be disabled by software to cease internal clock generation and remain in a static
state. Each peripheral has its own specific disabling sequence (refer to each peripheral description for
further details). A peripheral may be disabled at any time and remain disabled during any low-power mode
of operation.

9.4.2 Peripheral Behavior in Low-Power Modes

9.4.2.1 ColdFire Core

The ColdFire core is disabled during any low-power mode. No recovery time is required when exiting any
low-power mode.

9.4.2.2 Static Random-Access Memory (SRAM)

SRAM is disabled during any low-power mode. No recovery time is required when exiting any low-power
mode.

9.4.2.3 Flash

The flash module is in a low-power state if not being accessed. No recovery time is required after exit from
any low-power mode.
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94.24 System Control Module (SCM)

The SCM’s core watchdog timer can bring the device out of all low-power modes except stop mode. In
stop mode, all clocks stop, and the core watchdog does not operate.

When enabled, the core watchdog can bring the device out of wait and doze modes via a core watchdog
interrupt. This system setup must meet the conditions specified in Section 9.4.1, “Low-Power Modes” for
the core watchdog interrupt to bring the part out of wait and doze modes.

9.4.2.5 DMA Controller (DMAO-DMA3)

In wait and doze modes, the DMA controller is capable of bringing the device out of a low-power mode
by generating an interrupt upon completion of a transfer or upon an error condition. The completion of
transfer interrupt is generated when DMA interrupts are enabled by the setting of the DCR[INT] bit, and
an interrupt is generated when the DSR[DONE] bit is set. The interrupt upon error condition is generated
when the DCR[INT] bit is set, and an interrupt is generated when the CE, BES, or BED bit in the DSR
becomes set.

The DMA controller is stopped in stop mode and thus cannot cause an exit from this low-power mode.

9.4.2.6 UART Modules (UARTO, UART1, and UART2)

In wait and doze modes, the UART may generate an interrupt to exit the low-power modes.
» Clearing the transmit enable bit (TE) or the receiver enable bit (RE) disables UART functions.
* The UARTSs are unaffected by wait mode and may generate an interrupt to exit this mode.
In stop mode, the UARTS stop immediately and freeze their operation, register values, state machines, and

external pins. During this mode, the UART clocks are shut down. Coming out of stop mode returns the
UARTS to operation from the state prior to the low-power mode entry.

9.4.2.7  12C Module

When the 12C Module is enabled by the setting of the I2CR[IEN] bit and when the device is not in stop
mode, the 1°C module is operable and may generate an interrupt to bring the device out of a low-power
mode. For an interrupt to occur, the I2CR[IIE] bit must be set to enable interrupts, and the setting of the
I2SR[IIF] generates the interrupt signal to the CPU and interrupt controller. The setting of 12SR[11F]
signifies the completion of one byte transfer or the reception of a calling address matching its own
specified address when in slave receive mode.

In stop mode, the 12C Module stops immediately and freezes operation, register values, and external pins.
Upon exiting stop mode, the 12C resumes operation unless stop mode was exited by reset.

9.4.2.8 Queued Serial Peripheral Interface (QSPI)

In wait and doze modes, the queued serial peripheral interface (QSPI) may generate an interrupt to exit the
low-power modes.

» Clearing the QSPI enable bit (SPE) disables the QSPI function.
» The QSPI is unaffected by wait mode and may generate an interrupt to exit this mode.

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor 9-13

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Power Management

In stop mode, the QSPI stops immediately and freezes operation, register values, state machines, and
external pins. During this mode, the QSPI clocks are shut down. Coming out of stop mode returns the QSPI
to operation from the state prior to the low-power mode entry.

9.4.2.9 DMA Timers (DTIMO-DTIM3)

In wait and doze modes, the DMA timers may generate an interrupt to exit a low-power mode. This
interrupt can be generated when the DMA Timer is in input capture mode or reference compare mode.

In input capture mode, where the capture enable (CE) field of the timer mode register (DTMR) has a
non-zero value and the DMA enable (DMAEN) bit of the DMA timer extended mode register (DTXMR)
is cleared, an interrupt is issued upon a captured input. In reference compare mode, where the output
reference request interrupt enable (ORRI) bit of DTMR is set and the DTXMR[DMAEN] bit is cleared,
an interrupt is issued when the timer counter reaches the reference value.

DMA timer operation is disabled in stop mode, but the DMA timer is unaffected by the wait or doze modes
and may generate an interrupt to exit these modes. Upon exiting stop mode, the timer resumes operation
unless stop mode was exited by reset.

9.4.2.10 Interrupt Controllers (INTCO, INTC1)

The interrupt controller is not affected by any of the low-power modes. All logic between the input sources
and generating the interrupt to the processor is combinational to allow the ability to wake up the CPU
processor during low-power stop mode when all system clocks are stopped.

An interrupt request causes the CPU to exit a low-power mode only if that interrupt’s priority level is at or
above the level programmed in the interrupt priority mask field of the CPU’s status register (SR). The
interrupt must also be enabled in the interrupt controller’s interrupt mask register as well as at the module
from which the interrupt request would originate.

9.4.2.11 Fast Ethernet Controller (FEC)

In wait and doze modes, the FEC may generate an interrupt to exit the low-power modes.
» Clearing the ECNTRL[ETHER_EN] bit disables the FEC function.
» The FEC is unaffected by wait mode and may generate an interrupt to exit this mode.

In stop mode, the FEC stops immediately and freezes operation, register values, state machines, and
external pins. During this mode, the FEC clocks are shut down. Coming out of stop mode returns the FEC
to operation from the state prior to the low-power mode entry.

9.4.2.12 1/O Ports

The 1/0 ports are unaffected by entry into a low-power mode. These pins may impact low-power current
draw if they are configured as outputs and are sourcing current to an external load. If low-power mode is
exited by a reset, the state of the 1/O pins reverts to their default direction settings.
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9.4.2.13 Reset Controller
A power-on reset (POR) always causes a chip reset and exit from any low-power mode.

In wait and doze modes, asserting the external RESET pin for at least four clocks causes an external reset
that resets the chip and exit any low-power modes.

In stop mode, the RESET pin synchronization is disabled and asserting the external RESET pin
asynchronously generates an internal reset and exit any low-power modes. Registers lose current values
and must be reconfigured from reset state if needed.

If the phase lock loop (PLL) in the clock module is active and if the appropriate (LOCRE, LOLRE) bits
in the synthesizer control register are set, any loss-of-clock or loss-of-lock resets the chip and exit any
low-power modes.

The watchdog timer in the SCM is only able to request an interrupt, so a reset request must be performed
in software.

When the CPU is inactive, a software reset cannot be generated to exit any low-power mode.

9.4.2.14 Chip Configuration Module

The Chip Configuration Module is unaffected by entry into a low-power mode. If low-power mode is
exited by a reset, chip configuration may be executed if configured to do so.

9.4.2.15 Clock Module

In wait and doze modes, the clocks to the CPU, flash, and SRAM are stopped and the system clocks to the
peripherals are enabled. Each module may disable the module clocks locally at the module level. In stop
mode, all clocks to the system are stopped.

During stop mode, the PLL continues to run. The external CLKOUT signal may be enabled or disabled
when the device enters stop mode, depending on the LPCR[STPMD] bit settings.The external CLKOUT
output pin may be disabled to lower power consumption via the SYNCR[DISCLK] bit. The external
CLKOUT pin function is enabled by default at reset.

9.4.2.16 Edge Port

In wait and doze modes, the edge port continues to operate normally and may be configured to generate
interrupts (an edge transition or low level on an external pin) to exit the low-power modes.

In stop mode, there is no system clock available to perform the edge detect function. Thus, only the level
detect logic is active (if configured) to allow any low level on the external interrupt pin to generate an
interrupt (if enabled) to exit the stop mode.

9.4.2.17 Programmable Interrupt Timers (PITO-PIT1)

In stop mode (or in doze mode, if so programmed), the programmable interrupt timer (PIT) ceases
operation, and freezes at the current value. When exiting these modes, the PIT resumes operation from the
stopped value. It is the responsibility of software to avoid erroneous operation.
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When not stopped, the PIT may generate an interrupt to exit the low-power modes.

9.4.2.18 FlexCAN

When enabled, the FlexCAN module is capable of generating interrupts and bringing the device out of a
low-power mode. The module has 35 interrupt sources (32 sources due to message buffers and 3 sources
due to Bus-off, Error and Wake-up).

When in stop mode, a recessive to dominant transition on the CAN bus causes the WAKE-INT bit in the
error & status register to be set. This event can cause a CPU interrupt if the WAKE-MASK bit in module
configuration register (MCR) is set.

When setting stop mode in the FlexCAN (by setting the MCR[STOP] bit), the FlexCAN checks for the
CAN bus to be idle or waits for the third bit of intermission and checks to see if it is recessive. When this
condition exists, the FlexCAN waits for all internal activity other than in the CAN bus interface to
complete and then the following occurs:

» The FlexCAN shuts down its clocks, stopping most of the internal circuits, to achieve maximum
possible power saving.

» The internal bus interface logic continues operation, enabling CPU to access the MCR register.

* The FlexCAN ignores its Rx input pin, and drives its Tx pins as recessive.

* FlexCAN loses synchronization with the CAN bus, and STOP_ACK and NOT_RDY bits in MCR
register are set.

Exiting stop mode is done in one of the following ways:

* Reset the FlexCAN (by hard reset or by asserting the SOFT_RST bit in MCR).

» Clearing the STOP bit in the MCR.

» Self-wake mechanism. If the SELF-WAKE bit in the MCR is set at the time the FlexCAN enters
stop mode, then upon detection of recessive to dominant transition on the CAN bus, the FlexCAN
resets the STOP bit in the MCR and resumes its clocks.

Recommendations for, and features of, FlexCAN’s stop mode operation are as follows:

» Upon stop/self-wake mode entry, the FlexCAN tries to receive the frame that caused it to wake;
that is, it assumes that the dominant bit detected is a start-of-frame bit. It does not arbitrate for the
CAN bus then.

» Before asserting stop Mode, the CPU should disable all interrupts in the FlexCAN, otherwise it
may be interrupted while in stop mode upon a non-wake-up condition. If desired, the
WAKE-MASK bit should be set to enable the WAKE-INT.

» If stop mode is asserted while the FlexCAN is BUSOFF (see error and status register), then the
FlexCAN enters stop mode and stops counting the synchronization sequence; it continues this
count after stop mode is exited.

» The correct flow to enter stop mode with SELF-WAKE:
— assert SELF-WAKE at the same time as STOP.
— wait for STOP_ACK bit to be set.

* The correct flow to negate STOP with SELF-WAKE:
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— negate SELF-WAKE at the same time as STOP.
— wait for STOP_ACK negation.

* SELF-WAKE should be set only when the MCR[STOP] bit is negated and the FIexCAN is ready;
that is, the NOT_RDY bit in the MCR is negated.

o IfSTOPand SELF_WAKE are set and if a recessive to dominant edge immediately follows on the
CAN bus, the STOP_ACK bit in the MCR may never be set, and the STOP bit in the MCR is reset.

» If the user does not want to have old frames sent when the FlexCAN is awakened (STOP with
Self-Wake), the user should disable all Tx sources, including remote-response, before stop mode
entry.

* If halt mode is active at the time the STOP bit is set, then the FlexCAN assumes that halt mode
should be exited; hence it tries to synchronize to the CAN bus (11 consecutive recessive bits), and
only then does it search for the correct conditions to stop.

» Trying to stop the FlexCAN immediately after reset is allowed only after basic initialization has
been performed.

If stop with self-wake is activated, and the FlexCAN operates with single system clock per time-quanta,
then there are extreme cases in which FlexCAN's wake-up upon recessive to dominant edge may not
conform to the standard CAN protocol, in the sense that the FlexCAN synchronization is shifted one time
quanta from the required timing. This shift lasts until the next recessive to dominant edge, which
re-synchronizes the FlexCAN back to conform to the protocol. The same holds for auto-power save mode
upon wake-up by recessive to dominant edge.

The auto-power save mode in the FlexCAN is intended to enable NORMAL operation with optimized
power saving. Upon setting the AUTO POWER SAVE bit in the MCR register, the FlexCAN looks for a
set of conditions in which there is no need for clocks to run. If all these conditions are met, then the
FlexCAN stops its clocks, thus saving power. While its clocks are stopped, if any of the conditions below
is not met, the FlexCAN resumes its clocks. It then continues to monitor the conditions and stops/resumes
its clocks appropriately.
The following are conditions for the automatic shut-off of FlexCAN clocks:

* No Rx/Tx frame in progress.

* No moving of Rx/Tx frames between SMB and MB and no Tx frame is pending for transmission
in any MB.

* No host access to the FlexCAN module.
* The FlexCAN is neither in halt mode (MCR bit 8), in stop mode (MCT bit 15), nor in BUSOFF.

9.4.2.19 PWM Module

The PWM module is user programmable as to how it behaves when the device enters wait mode
(PWMCTL[PSWAI]) and doze mode (PWMCTL[PFRZ]). If either of these bits are set, the PWM input
clock to the prescalar is disabled during the respective low power mode.

In stop mode the input clock is disabled and PWM generation is halted.
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9.4.2.20 BDM

Entering halt mode via the BDM port (by asserting the external BKPT pin) causes the CPU to exit any
low-power mode.

94221 JTAG

The JTAG (Joint Test Action Group) controller logic is clocked using the TCLK input and is not affected
by the system clock. The JTAG cannot generate an event to cause the CPU to exit any low-power mode.
Toggling TCLK during any low-power mode increases the system current consumption.

9.4.3

The functionality of each of the peripherals and CPU during the various low-power modes is summarized
in Table 9-11. The status of each peripheral during a given mode refers to the condition the peripheral
automatically assumes when the STOP instruction is executed and the LPCR[LPMD] field is set for the
particular low-power mode. Individual peripherals may be disabled by programming its dedicated control
bits. The wakeup capability field refers to the ability of an interrupt or reset by that peripheral to force the
CPU into run mode.

Summary of Peripheral State During Low-Power Modes

Table 9-11. CPU and Peripherals in Low-Power Modes

Peripheral Status?!/ Wakeup Capability
Module
Wait Mode Doze Mode Stop Mode

CPU Stopped No Stopped No Stopped No
SRAM Stopped No Stopped No Stopped No
Flash Stopped No Stopped No Stopped No
System Control Module Enabled Reset Enabled Reset Stopped No
Random Number Generator Accelerator Enabled No Stopped No Stopped No
DMA Controller Enabled Yes Enabled Yes Stopped No
UARTO, UART1 and UART2 Enabled Interrupt Enabled Interrupt Stopped No
12C Module Enabled Interrupt Enabled Interrupt Stopped No
QSPI Enabled Interrupt Enabled Interrupt Stopped No
DMA Timers Enabled Interrupt Enabled Interrupt Stopped No
Interrupt Controller Enabled Interrupt Enabled Interrupt Enabled Interrupt
I/O Ports Enabled No Enabled No Enabled No
Reset Controller Enabled Reset Enabled Reset Enabled Reset
Chip Configuration Module Enabled No Enabled No Stopped No
Power Management Enabled No Enabled No Stopped No
Clock Module Enabled Interrupt Enabled Interrupt Enabled Interrupt
Real-Time Clock Module Enabled Interrupt Enabled Interrupt Enabled Interrupt
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Table 9-11. CPU and Peripherals in Low-Power Modes (continued)

Peripheral Status® / Wakeup Capability
Module
Wait Mode Doze Mode Stop Mode
Edge port Enabled Interrupt Enabled Interrupt Stopped Interrupt
Programmable Interrupt Timers Enabled Interrupt Program Interrupt Stopped No
ADC Enabled Interrupt Program Interrupt Stopped No
General Purpose Timer Enabled Interrupt Enabled Interrupt | Stopped No
FlexCAN Enabled Interrupt Enabled Interrupt Stopped No
PWM Program No Program No Stopped No
BDM Enabled Yes? Enabled Yes? Enabled Yes?
JTAG Enabled No Enabled No Enabled No

1 Program Indicates that the peripheral function during the low-power mode is dependent on programmable bits in the

peripheral register map.

2 The BDM logic is clocked by a separate TCLK clock. Entering halt mode via the BDM port exits any low-power mode.
Upon exit from halt mode, the previous low-power mode is re-entered and changes made in halt mode remains in effect.
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Chapter 10
Reset Controller Module

10.1 Introduction

The reset controller is provided to determine the cause of reset, assert the appropriate reset signals to the
system, and keep a history of what caused the reset. The low voltage detection module, which generates
low-voltage detect (LVD) interrupts and resets, is implemented within the reset controller module.

10.2 Features

Module features include the following:
» Seven sources of reset:
— External reset input
— Power-on reset (POR)
— Phase locked-loop (PLL) loss of lock
— PLL loss of clock
— Software
— Lowe-voltage detector (LVD)
— JTAG CLAMP, HIGHZ and EXTEST instructions
« Software-assertable RSTO pin independent of chip reset state
» Software-readable status flags indicating the cause of the last reset
» LVD control and status bits for setup and use of LVD reset or interrupt

10.3 Block Diagram

Figure 10-1 illustrates the reset controller and is explained in the following sections.
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Figure 10-1. Reset Controller Block Diagram

10.4 Signals

Table 10-1 provides a summary of the reset controller signal properties. The signals are described in the
following sections.

Table 10-1. Reset Controller Signal Properties

o Input Input
Name Direction Hysteresis Synchronization
RSTI | Yes Yes!
RSTO o — _

1 RSTIis always synchronized except when in low-power stop mode.

104.1 RST

Asserting the external RSTI for at least four rising CLKOUT edges causes the external reset request to be
recognized and latched.

10.4.2 RSTO

This active-low output signal is driven low when the internal reset controller module resets the chip. When
RSTO is active, the user can drive override options on the data bus.

10.5 Memory Map and Registers

The reset controller programming model consists of these registers:
» Reset control register (RCR)—selects reset controller functions
* Reset status register (RSR)—reflects the state of the last reset source
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Reset Controller Module

See Table 10-2 for the memory map and the following paragraphs for a description of the registers.
Table 10-2. Reset Controller Memory Map

IPSBAR . Width .

Offsetl Register (bits) Access | Reset Value | Section/Page
0x11_0000 |Reset Control Register (RCR) 8 R/W 0x05 10.5.1/10-3
0x11_0001 |Reset Status Register (RSR) 8 R 10.5.2/10-4

1 Addresses not assigned to a register and undefined register bits are reserved for expansion.

10.5.1 Reset Control Register (RCR)

The RCR allows software control for requesting a reset, independently asserting the external RSTO pin,
and controlling low-voltage detect (LVD) functions.

IPSBAR 0x11_0000 (RCR) Access: User read/write
Offset:
7 6 5 4 3 2 1 0
R 0 0
SOFTRST FRCRSTO LVDF LVDIE LVDRE LVDE
W uT
Reset: 0 0 0 0 0 1 0 1

Figure 10-2. Reset Control Register (RCR)

Table 10-3. RCR Field Descriptions

Field Description

7 Allows software to request a reset. The reset caused by setting this bit clears this bit.
SOFTRST |1 Software reset request
0 No software reset request

6 Allows software to assert or negate the external RSTO pin.
FRCRSTOUT |1 Assert RSTO pin
0 Negate RSTO pin
CAUTION: External logic driving reset configuration data during reset needs to be considered when asserting
the RSTO pin when setting FRCRSTOUT.

5 Reserved, should be cleared.
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Table 10-3. RCR Field Descriptions (continued)

Field Description
4 LVD flag. Indicates the low-voltage detect status if LVDE is set. Write a 1 to clear the LVDF bit.
LVDF 1 Low voltage has been detected
0 Low voltage has not been detected
Note: The setting of this flag causes an LVD interrupt if LVDE and LVDIE bits are set and LVDRE is cleared
when the supply voltage Vpp drops below Vpp (minimum). The vector for this interrupt is shared with
INTO of the EPORT module. Interrupt arbitration in the interrupt service routine is necessary if both of
these interrupts are enabled. Also, LVDF is not cleared at reset; however, it always initializes to a zero
because the part does not come out of reset while in a low-power state (LVDE/LVDRE bits are enabled
out of reset).
3 LVD interrupt enable. Controls the LVD interrupt if LVDE is set. This bit has no effect if the LVDE bit is a logic O.
LVDIE 1 LVD interrupt enabled
0 LVD interrupt disabled
2 LVD reset enable. Controls the LVD reset if LVDE is set. This bit has no effect if the LVDE bit is a logic 0. LVD
LVDRE reset has priority over LVD interrupt, if both are enabled.
1 LVD reset enabled
0 LVD reset disabled
1 Reserved, should be cleared.
0 Controls whether the LVD is enabled.
LVDE 1 LVD is enabled
0 LVD is disabled
10.5.2 Reset Status Register (RSR)

The RSR contains a status bit for every reset source. When reset is entered, the cause of the reset condition
is latched, along with a value of O for the other reset sources that were not pending at the time of the reset
condition. These values are then reflected in RSR. One or more status bits may be set at the same time.

The cause of any subsequent reset is also recorded in the register, overwriting status from the previous reset

condition.

RSR can be read at any time. Writing to RSR has no effect.

IPSBAR 0x11_0001 (RSR) Access: User read-only
Offset:
7 6 5 3 2 1 0
R 0 LvD SOFT 0 POR EXT LOC LOL
W

Reset: Reset Dependent

Figure 10-3. Reset Status Register (RSR)
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Table 10-4. RSR Field Descriptions

Field Description
7 Reserved, should be cleared.
6 Low voltage detect. Indicates that the last reset state was caused by an LVD reset.
LvD 1 Lastreset state was caused by an LVD reset
0 Last reset state was not caused by an LVD reset
5 Software reset flag. Indicates that the last reset was caused by software.
SOFT 1 Lastreset caused by software
0 Last reset not caused by software
4 Reserved, should be cleared.
3 Power-on reset flag. Indicates that the last reset was caused by a power-on reset.
POR 1 Lastreset caused by power-on reset
0 Last reset not caused by power-on reset
2 External reset flag. Indicates that the last reset was caused by an external device asserting the external RSTI pin.
EXT 1 Lastreset state caused by external reset
0 Last reset not caused by external reset
1 Loss-of-clock reset flag. Indicates that the last reset state was caused by a PLL loss of clock.
LOC 1 Lastreset caused by loss of clock
0 Last reset not caused by loss of clock
0 Loss-of-lock reset flag. Indicates that the last reset state was caused by a PLL loss of lock.
LOL 1 Lastreset caused by a loss of lock

0 Last reset not caused by loss of lock

10.6 Functional Description

10.6.1

Reset Sources

Table 10-5 defines the sources of reset and the signals driven by the reset controller.

Table 10-5. Reset Source Summary

Source Type

Power on Asynchronous
External RSTI pin (not stop mode) Synchronous

External RSTI pin (during stop mode) Asynchronous
Loss-of-clock Asynchronous
Loss-of-lock Asynchronous
Software Synchronous

LVD reset Asynchronous

To protect data integrity, a synchronous reset source is not acted upon by the reset control logic until the
end of the current bus cycle. Reset is then asserted on the next rising edge of the system clock after the
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Reset Controller Module

cycle is terminated. When the reset control logic must synchronize reset to the end of the bus cycle, the
internal bus monitor is automatically enabled regardless of the BME bit state in the chip configuration
register (CCR). Then, if the current bus cycle is not terminated normally, the bus monitor terminates the
cycle based on the length of time programmed in the BMT field of the CCR.

Internal byte, word, or longword writes are guaranteed to complete without data corruption when a
synchronous reset occurs. External writes, including longword writes to 16-bit ports, are also guaranteed
to complete.

Asynchronous reset sources usually indicate a catastrophic failure. Therefore, the reset control logic does
not wait for the current bus cycle to complete. Reset is asserted immediately to the system.

10.6.1.1 Power-On Reset

At power up, the reset controller asserts RSTO. RSTO continues to be asserted until Vpp has reached a
minimum acceptable level and, if PLL clock mode is selected, until the PLL achieves phase lock. Then
after approximately another 512 cycles, RSTO is negated and the part begins operation.

10.6.1.2 External Reset

Asserting the external RSTI for at least four rising CLKOUT edges causes the external reset request to be
recognized and latched. The bus monitor is enabled and the current bus cycle is completed. The reset
controller asserts RSTO for approximately 512 cycles after RSTI is negated and the PLL has acquired lock.
The part then exits reset and begins operation.

In low-power stop mode, the system clocks are stopped. Asserting the external RSTI in stop mode causes
an external reset to be recognized.

10.6.1.3 Loss-of-Clock Reset

This reset condition occurs in PLL clock mode when the LOCRE bit in the SYNCR is set and the PLL
reference or the PLL itself fails. The reset controller asserts RSTO for approximately 512 cycles after the
PLL has acquired lock. The device then exits reset and begins operation.

10.6.1.4 Loss-of-Lock Reset

This reset condition occurs in PLL clock mode when the LOLRE bit in the SYNCR is set and the PLL
loses lock. The reset controller asserts RSTO for approximately 512 cycles after the PLL has acquired
lock. The device then exits reset and resumes operation.

10.6.1.5 Software Reset

A software reset occurs when the SOFTRST bit is set. If the RSTI is negated and the PLL has acquired
lock, the reset controller asserts RSTO for approximately 512 cycles. Then the device exits reset and
resumes operation.
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10.6.1.6 LVD Reset

The LVD reset occurs when the supply input voltage, Vpp drops below V y,p (minimum).

10.6.2 Reset Control Flow

The reset logic control flow is shown in Figure 10-4. In this figure, the control state boxes have been
numbered, and these numbers are referred to (within parentheses) in the flow description that follows. All
cycle counts given are approximate.
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Figure 10-4. Reset Control Flow
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10.6.2.1 Synchronous Reset Requests

In this discussion, the references in parentheses refer to the state numbers in Figure 10-4. All cycle counts
given are approximate.

If the external RSTI signal is asserted by an external device for at least four rising CLKOUT edges (3) and
if software requests a reset, the reset control logic latches the reset request internally and enables the bus
monitor (5). When the current bus cycle is completed (6), RSTO is asserted (7). The reset control logic
waits until the RSTI signal is negated (8) and for the PLL to attain lock (9, 9A) before waiting 512
CLKOUT cycles (1). The reset control logic may latch the configuration according to the RCON signal
level (11, 11A) before negating RSTO (12).

If the external RSTI signal is asserted by an external device for at least four rising CLKOUT edges during
the 512 count (10) or during the wait for PLL lock (9A), the reset flow switches to (8) and waits for the
RSTI signal to be negated before continuing.

10.6.2.2 Internal Reset Request

If reset is asserted by an asynchronous internal reset source, such as loss of clock (1) or loss of lock (2),
the reset control logic asserts RSTO (4). The reset control logic waits for the PLL to attain lock (9, 9A)
before waiting 512 CLKOUT cycles (1). Then the reset control logic may latch the configuration
according to the RCON pin level (11, 11A) before negating RSTO (12).

If loss of lock occurs during the 512 count (10), the reset flow switches to (9A) and waits for the PLL to
lock before continuing.

10.6.2.3 Power-On Reset/Low-Voltage Detect Reset

When the reset sequence is initiated by power-on reset (0), the same reset sequence is followed as for the
other asynchronous reset sources.

10.6.3 Concurrent Resets

This section describes the concurrent resets. As in the previous discussion, references in parentheses refer
to the state numbers in Figure 10-4.

10.6.3.1 Reset Flow

If a power-on reset or low-voltage detect condition is detected during any reset sequence, the reset
sequence starts immediately (0).

If the external RSTI pin is asserted for at least four rising CLKOUT edges while waiting for PLL lock or
the 512 cycles, the external reset is recognized. Reset processing switches to wait for the external RSTI
pin to negate (8).

If a loss-of-clock or loss-of-lock condition is detected while waiting for the current bus cycle to complete
(5, 6) for an external reset request, the cycle is terminated. The reset status bits are latched (7) and reset
processing waits for the external RSTI pin to negate (8).
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If a loss-of-clock or loss-of-lock condition is detected during the 512 cycle wait, the reset sequence
continues after a PLL lock (9, 9A).

10.6.3.2 Reset Status Flags

For a POR reset, the POR and LVD bits in the RSR are set, and the SOFT, WDR, EXT, LOC, and LOL
bits are cleared even if another type of reset condition is detected during the reset sequence for the POR.

If a loss-of-clock or loss-of-lock condition is detected while waiting for the current bus cycle to complete
(5, 6) for an external reset request, the EXT, SOFT, and/or WDR bits along with the LOC and/or LOL bits
are set.

If the RSR bits are latched (7) during the EXT, SOFT, and/or WDR reset sequence with no other reset
conditions detected, only the EXT, SOFT, and/or WDR bits are set.

If the RSR bits are latched (4) during the internal reset sequence with the RSTI pin not asserted and no
SOFT or WDR event, then the LOC and/or LOL bits are the only bits set.

For a LVD reset, the LVD bit in the RSR is set, and the SOFT, WDR, EXT, LOC, and LOL bits are cleared
to 0, even if another type of reset condition is detected during the reset sequence for LVD.
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Chapter 11
Static RAM (SRAM)

11.1 Introduction

This chapter describes the on-chip static RAM (SRAM) implementation, including general operations,
configuration, and initialization. It also provides information and examples showing how to minimize
power consumption when using the SRAM.

11.1.1 Overview

The SRAM module provides a general-purpose memory block that the ColdFire processor can access in a
single cycle. The location of the memory block can be specified to any 0-modulo-32K address. The
memory is ideal for storing critical code or data structures or for use as the system stack. Because the
SRAM module is physically connected to the processor's high-speed local bus, it can service
processor-initiated accesses or memory-referencing commands from the debug module.

The SRAM is dual-ported to provide DMAaccess. The SRAM is partitioned into two physical memory
arrays to allow simultaneous access to arrays by the processor core and another bus master. For more
information see Chapter 10, “System Control Module (SCM).”

11.1.2 Features

The major features includes:
* One 32 Kbyte SRAM
» Single-cycle access
» Physically located on the processor's high-speed local bus
* Memory location programmable on any 0-modulo-32 Kbyte address
» Byte, word, and longword address capabilities

11.2 Memory Map/Register Description

The SRAM programming model shown in Table 11-1 includes a description of the SRAM base address
register (RAMBAR), SRAM initialization, and power management.
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Table 11-1. SRAM Programming Model

il . Width Written .
Rc[11:0] Register (bits) Access | Reset Value W/ MOVEC Section/Page

Supervisor Access Only Registers

0xCO05 RAM Base Address Register (RAMBAR) 32 R/W See Section Yes 11.2.1/11-2

1 The values listed in this column represent the Rc field used when accessing the core registers via the BDM port. For more
information see Chapter 31, “Debug Module.”

11.2.1 SRAM Base Address Register (RAMBAR)

The configuration information in the SRAM base-address register (RAMBAR) controls the operation of
the SRAM module.

* The RAMBAR holds the SRAM base address. The MOVEC instruction provides write-only access
to this register.
* The RAMBAR can be read or written from the debug module.

» All undefined bits in the register are reserved. These bits are ignored during writes to the
RAMBAR and return zeroes when read from the debug module.

» Avreset clears the RAMBAR’s valid bit. This invalidates the processor port to the SRAM (The
RAMBAR must be initialized before the core can access the SRAM.) All other bits are unaffected.
NOTE

Do not confuse this RAMBAR with the SCM RAMBAR in Section 10.5.2,
“Memory Base Address Register (RAMBAR).” Although similar, this core
RAMBAR enables core access to the SRAM memory, while the SCM
RAMBAR enables peripheral (e.g., DMA and FEC) access to the SRAM.

The RAMBAR contains several control fields. These fields are shown in Figure 11-1.

Rc[11:0]: 0x0CO05 (RAMBAR) Access: User write-only
Debug read/write

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 0[0|0 0| O
W BA PRIU|PRIL|SPV|WP C/ll|sc|sb|ucC|uUD| V

ResetUUUU’UUUU‘UUUU’UUUU‘UOOO 0 0 O U|/0O 0 UU|/UUUWUDO
Figure 11-1. SRAM Base Address Register (RAMBAR)

Table 11-2. RAMBAR Field Descriptions

Field Description
31-15 Base Address. Defines the 0-modulo-32K base address of the SRAM module. By programming this field,
BA the SRAM may be located on any 32-Kbyte boundary (16-Kbyte boundary for the MCF52230 and
MCF52231).
14-12 Reserved, must be cleared.
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Table 11-2. RAMBAR Field Descriptions (continued)

Field Description
11-10 Priority Bit. PRIU determines if /FEC or CPU has priority in the upper 16K bank of memory. PRIL
PRIU determines if DMA/FEC or CPU has priority in the lower 16K bank of memory. If a bit is set, the CPU has
PRIL priority. If a bit is cleared, DMA/FEC has priority. Priority is determined according to the following table:
PRIU,PRIL Upper Bank Priority Lower Bank Priority
00 DMA/FEC DMA/FEC
01 DMA/FEC CPU
10 CPU DMA/FEC
11 CPU CPU
Note: The recommended setting (maximum performance) for the priority bits is 00.
9 Secondary port valid. Allows access by DMA and FEC.
SPV 0 DMA and FEC access to memory is disabled.
1 DMA and FEC access to memory is enabled.
Note: The SPV bitin the second RAMBAR register must also be set to allow dual port access to the SRAM.
For more information, see Section 10.5.2, “Memory Base Address Register (RAMBAR).”
8 Write Protect. Allows only read accesses to the SRAM. When this bit is set, any attempted write access
WP from the core generates an access error exception to the ColdFire processor core.
0 Allows core reaought d and write accesses to the SRAM module
1 Allows only core read accesses to the SRAM module
Note: This bit does not affect non-core write accesses.
7—-6 Reserved, must be cleared.
5-1 Address Space Masks (ASn). These five bit fields allow types of accesses to be masked or inhibited from
C/l, SC, SD, UC, |accessing the SRAM module. The address space mask bits are:
ub C/I = CPU space/interrupt acknowledge cycle mask
SC = Supervisor code address space mask
SD = Supervisor data address space mask
UC = User code address space mask
UD = User data address space mask
For each address space bit:
0 An access to the SRAM module can occur for this address space
1 Disable this address space from the SRAM modaule. If a reference using this address space is made, it
is inhibited from accessing the SRAM module and is processed like any other non-SRAM reference.
These bits are useful for power management as detailed in Section 11.3.2, “Power Management.” In most
applications, the C/I bit is set
0 Valid. When set, this bit enables the SRAM module; otherwise, the module is disabled. A hardware reset
\% clears this bit.
0 Contents of RAMBAR are not valid
1 Contents of RAMBAR are valid
11.3 Initialization/Application Information

After a hardware reset, the SRAM module contents are undefined. The valid bit of the RAMBAR is

cleared, disabling the processor port into the memory. If the SRAM requires initialization with instructions

or data, perform the following steps:

1. Load the RAMBAR, mapping the SRAM module to the desired location within the address space.
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Static RAM (SRAM)

2. Read the source data and write it to the SRAM. Various instructions support this function,
including memory-to-memory move instructions, or the MOVEM opcode. The MOVEM
instruction is optimized to generate line-sized burst fetches on 0-modulo-16 addresses, so this
opcode generally provides maximum performance.

3. After the data loads into the SRAM, it may be appropriate to load a revised value into the
RAMBAR with a new set of attributes. These attributes consist of the write-protect and address
space mask fields.

The ColdFire processor or an external debugger using the debug module can perform these initialization
functions.

11.3.1 SRAM Initialization Code

The following code segment describes how to initialize the SRAM. The code sets the base address of the
SRAM at 0x2000_0000 and initializes the SRAM to zeros.

RAMBASE EQU 0x20000000 ;set this variable to 0x20000000
RAMVALID EQU 0x00000001
move.l  #RAMBASE+RAMVALID,DO ;load RAMBASE + valid bit into DO.
movec.l DO, RAMBAR ;load RAMBAR and enable SRAM

The following loop initializes the entire SRAM to zero:

lea.l RAMBASE , AO ;load pointer to SRAM
move.l  #8192,D0 ;load loop counter into DO (SRAM size/4)

SRAM_INIT_LOOP:

clir_1 (A0)+ ;clear 4 bytes of SRAM
clr.1 (AD)+ ;clear 4 bytes of SRAM
clr.l (AD)+ ;clear 4 bytes of SRAM
clir._1 (AO)+ ;clear 4 bytes of SRAM
subq.l  #4,D0 ;decrement loop counter
bne.b SRAM_INIT_LOOP ;iT done, then exit; else continue looping

11.3.2 Power Management

If the SRAM is used only for data operands, setting the ASn bits associated with instruction fetches can
decrease power dissipation. Additionally, if the SRAM contains only instructions, masking operand
accesses can reduce power dissipation. Table 11-3 shows examples of typical RAMBAR settings.

Table 11-3. Typical RAMBAR Setting Examples

Data Contained in SRAM RAMBAR[7:0]
Instruction Only 0x2B
Data Only 0x35
Instructions and Data 0x21
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Chapter 12
Chip Configuration Module (CCM)

12.1

This chapter describes the various operating configurations of the device. It provides a description of

Introduction

signals used by the CCM and a programming model.

12.1.1 Block Diagram

The chip configuration module (CCM) controls the chip configuration and mode of operation for the

MCF52235.

Clock Mode Output Pad
Selection Strength Selection

{;

Chip Configuration Register

Reset Configuration Register

Chip Identification Register

Figure 12-1. Chip Configuration Module Block Diagram

12.1.2 Features
The CCM selects the following:

External clock or phase-lock loop (PLL) mode with internal or external reference
Output pad drive strength

Low-power configuration

Processor status (PSTAT) and processor debug data (DDATA) functions

BDM or JTAG mode
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Chip Configuration Module (CCM)

12.2 External Signal Descriptions

Table 12-1 provides an overview of the CCM signals.
Table 12-1. Signal Properties

Name Function Reset State

RCON Reset configuration select Internal weak pull-up device

12.2.1 RCON

If the external RCON pin is asserted during reset, then various chip functions, including the reset
configuration pin functions after reset, are configured according to the levels driven onto the external data
pins (see Section 12.4, “Functional Description”). The internal configuration signals are driven to reflect
the levels on the external configuration pins to allow for module configuration.

12.3 Memory Map/Register Definition

This subsection provides a description of the memory map and registers.

12.3.1 Programming Model

The CCM programming model consists of these registers:
» The chip configuration register (CCR) controls the main chip configuration.
* The reset configuration register (RCON) indicates the default chip configuration.
» The chip identification register (CIR) contains a unique part number.

Some control register bits are implemented as write-once bits. These bits are always readable, but after the
bit has been written, additional writes have no effect, except during debug and test operations.

Some write-once bits can be read and written while in debug mode. When debug mode is exited, the chip
configuration module resumes operation based on the current register values. If a write to a write-once
register bit occurs while in debug mode, the register bit remains writable on exit from debug or test mode.
Table 12-2 shows the accessibility of write-once bits.

Table 12-2. Write-Once Bits Read/Write Accessibility

Configuration Read/Write Access
All configurations Read-always
Debug operation Write-always
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12.3.2 Memory Map
Table 12-3. Chip Configuration Module Memory Map
IPSBAR . Width .
Offsetl Register (bits) Access | Reset Value | Section/Page
Supervisor Mode Access Only

0x11_0004 | Chip Configuration Register (CCR) 16 R 0x0001 12.3.3.1/12-3
0x11_0007 |Low-Power Control Register (LPCR)2 8 R/W 0x00 9.2.4.1/9-8
0x11_0008 | Reset Configuration Register (RCON) 16 R 0x0000 12.3.3.2/12-4
0x11_000A | Chip Identification Register (CIR) 16 R 0x2000 12.3.3.3/12-5
0x11_0010 Unimplemented? —

Addresses not assigned to a register and undefined register bits are reserved for expansion.

SeeChapter 9, “Power Management,” for a description of the LPCR. It is shown here only to warn against accidental writes to
this register.

Accessing an unimplemented address has no effect and causes a cycle termination transfer error.

NOTE

To safeguard against unintentionally activating test logic, write 0x0000 to
the above reserved location during initialization (immediately after reset) to
lock out test features. Setting any bits in the CCR may lead to unpredictable
results.

12.3.3

The following section describes the CCM registers.

Register Descriptions

12.3.3.1 Chip Configuration Register (CCR)
IPSBAR 0x11 0004 (CCR) Access: Supervisor read-only
Offset:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 |SZEN|PSTEN| O BME BMT
w [ |
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 12-2. Chip Configuration Register (CCR)
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Chip Configuration Module (CCM)

Table 12-4. CCR Field Descriptions

Field Description
1- Reserved, should be cleared.
6 TSIZ[1:0] enable. This read/write bit enables the TSIZ[1:0] function of the external pins.

SZEN 0 TSIZ[1:0] function disabled.
1 TSIZ[1:0] function enabled.

5 PST[3:0]/DDATA[3:0] enable. This read/write bit enables the Processor Status (PST) and Debug Data (DDATA)
PSTEN | functions of the external pins.
0 PST/DDATA function disabled.
1 PST/DDATA function enabled.

4 Reserved, should be cleared.
3 Bus monitor enable. This read/write bit enables the bus monitor to operate during external bus cycles.
BME 0 Bus monitor disabled for external bus cycles.

1 Bus monitor enabled for external bus cycles.
Table 12-2 shows the read/write accessibility of this write-once bit.

2-0 Bus monitor timing. This field selects the timeout period (in system clocks) for the bus monitor.
BMT 000 65536

001 32768

010 16384

011 8192

100 4096

101 2048

110 1024

111 512

Table 12-2 shows the read/write accessibility of this write-once bit.

12.3.3.2 Reset Configuration Register (RCON)

At reset, RCON determines the default operation of certain chip functions. All default functions defined
by the RCON values can only be overridden during reset configuration (see Section 12.4.1, “Reset
Configuration”) if the external RCON pin is asserted. RCON is a read-only register.

IPSBAR 0x11_ 0008 (RCON) Access: Supervisor read-only
Offset:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 0 |RLOAD| O 0 0 0 MODE
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12-3. Reset Configuration Register (RCON)
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Table 12-5. RCON Field Descriptions

Field Description
15-6 Reserved, should be cleared.
5 Pad driver load. Reflects the default pad driver strength configuration.
RLOAD |0 Partial drive strength (This is the default value.)
1 Full drive strength
4-1 Reserved, should be cleared.
0 Chip configuration mode. Reflects the default chip configuration mode.
MODE 0 Single chip — the chip takes instructions from the flash memory (This is the default value.)
1 Master chip — the chip takes instructions from CSO
12.3.3.3 Chip Identification Register (CIR)
IPSBAR 0x11_000A (CIR) Access: read-only
Offset:
15 14 13 12 ‘11 10 9 8‘7 6 5 4‘ 3 2 1 0
R PIN PRN
wl | [ | [ [ | | | [ [ ]
Reset - - - - - - - - - - - - - - - -
Figure 12-4. Chip Identification Register (CIR)
Table 12-6. CIR Field Description
Field Description
15-6 Part identification number. Contains a unique identification number for the device.
PIN MCF52230 = 0x48
MCF52231 = 0x49
MCF52233 = 0x4A
MCF52234 = 0x4B
MCF52235 = 0x4C
5-0 Part revision number. This number is increased by one for each new full-layer mask set of this part. The
PRN revision numbers are assigned in chronological order, beginning with zero.

12.4 Functional Description

Three functions are defined within the chip configuration module:
* Reset configuration
» Output pad strength configuration
* Clock mode selections

These funct

ions are described in the following sections.
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Chip Configuration Module (CCM)

12.4.1 Reset Configuration

During reset, the pins for the reset override functions are immediately configured to known states.
Table 12-7 shows the states of the external pins while in reset.

Table 12-7. Reset Configuration Pin States During Reset

. Pin Output Input

Pin Function® VO 1 state State

RCON RCON function for all modes? Input — Internal weak
pull-up device

1 If the external RCON pin is not asserted during reset, pin functions are determined by the default
operation mode defined in the RCON register. If the external RCON pin is asserted, pin functions
are determined by the override values driven on the external data bus pins.

2 During reset, the external RCON pin assumes its RCON pin function, but this pin changes to the
function defined by the chip operation mode immediately after reset. See Table 12-8.

If the RCON pin is not asserted during reset, the chip configuration and the reset configuration pin
functions after reset are determined by RCON or fixed defaults, regardless of the states of the external data
pins. The internal configuration signals are driven to levels specified by the RCON register’s reset state
for default module configuration.

If the RCON pin is asserted during reset, then various chip functions, including the reset configuration pin
functions after reset, are configured according to the levels driven onto the external data pins (see

Table 12-8). The internal configuration signals are driven to reflect the levels on the external configuration
pins to allow for module configuration.

Table 12-8. Configuration During Reset!

. Default Override Pins .
Pin(s) Affected Configuration in Reset2 Function
All output pins RCON[5] =1 0 Partial strength

1 Full strength®

1 Modifying the default configurations is possible only if the external RCON pin is asserted.

2 The external reset override circuitry drives the data bus pins with the override values while RSTOUT is asserted. It
must stop driving the data bus pins within one CLKOUT cycle after RSTOUT is negated. To prevent contention with
the external reset override circuitry, the reset override pins are forced to inputs during reset and do not become outputs
until at least one CLKOUT cycle after RSTOUT is negated. RCON must also be negated within one cycle after
RSTOUT is negated.

12.4.2 Output Pad Strength Configuration

Output pad strength is determined during reset configuration.

12.5 Reset

Reset initializes CCM registers to a known startup state as described in Section 12.3, “Memory
Map/Register Definition.” The CCM controls chip configuration at reset as described in Section 12.4,
“Functional Description.”
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Chapter 13
System Control Module (SCM)

13.1 Introduction

This section details the functionality of the system control module (SCM) that provides the programming
model for the system access control unit (SACU), system bus arbiter, 32-bit core watchdog timer (CWT),
and system control registers and logic. Specifically, the system control includes the internal peripheral
system (IPS) base address register (IPSBAR), the processor’s dual-port RAM base address register
(RAMBAR), and system control registers that include the core watchdog timer control.

13.2 Overview

The SCM provides the control and status for a variety of functions including base addressing and address
space masking for the IPS peripherals and resources (IPSBAR) and the ColdFire core memory spaces
(RAMBAR). The CPU core supports two memory banks, one for the internal SRAM and the other for the
internal flash.

The SACU provides the mechanism needed to implement secure bus transactions to the system address
space.

The programming model for the system bus arbitration resides in the SCM. The SCM sources the
necessary control signals to the arbiter for bus master management.

The CWT provides a means of preventing system lockup due to uncontrolled software loops via a special
software service sequence. If periodic software servicing action does not occur, the CWT times out with a
programmed response (system reset or interrupt) to allow recovery or corrective action to be taken.

13.3 Features

The SCM includes these distinctive features:

» IPS base address register (IPSBAR)
— Base address location for 1-Gbyte peripheral space
— User control bits

» Processor-local memory base address register (RAMBAR)

»  System control registers
— Core reset status register (CRSR) indicates type of last reset
— Core watchdog service register (CWSR) services watchdog timer
— Core watchdog control register (CWCR) for watchdog timer control
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System Control Module (SCM)

» System bus master arbitration programming model (MPARK)

» System access control unit (SACU) programming model
— Master privilege register (MPR)
— Peripheral access control registers (PACRS)
— Grouped peripheral access control registers (GPACR0, GPACR1)

13.4 Memory Map and Register Definition

The memory map for the SCM registers is shown in Table 13-1. All the registers in the SCM are
memory-mapped as offsets within the 1-Gbyte IPS address space and accesses are controlled to these

registers by the control definitions programmed into the SACU.

Table 13-1. SCM Register Map

Igfsfzg\t? Register \?SS;? Access | Reset Value | Section/Page
0x00_0000 |IPS Base Address Register (IPSBAR) 32 R/W | 0x4000_0001 | 13.5.1/13-3
0x00_0008 | Memory Base Address Register (RAMBAR) 32 R/W | 0x0000_0000 | 13.5.2/13-4
0x00_000C | Peripheral Power Management Register High (PPMRH)? 32 R/W | 0x0000_0000 9.2.1/9-2
0x00_0010 |Core Reset Status Register (CRSR) 8 R/W See Section 13.5.3/13-6
0x00_0011 |Core Watchdog Control Register (CWCR) 8 R/W 0x00 13.5.4/13-7
0x00_0012 | Low-Power Interrupt Control Register (LPICR)? 8 R/W 0x00 9.2.2/9-5
0x00_0013 | Core Watchdog Service Register (CWSR) 8 R/W Uninitialized 13.5.5/13-9
0x00_0014 |DMA Request Control Register (DMAREQC) 32 R/W | 0x0000_0000 | 20.3.1/20-4
0x00_0018 | Peripheral Power Management Register Low (PPMRL)? 32 R/W | 0x0000_0001 9.2.1/9-2
0x00_001C | Default Bus Master Park Register (MPARK) 32 R/W | 0x30E1_0000| 13.6.3/13-11
0x00_0020 | Master Privilege Register (MPR) 8 R/W 0x03 13.7.3.1/13-14
0x00_0021 | Peripheral Power Management Set Register (PPMRS)? 8 W 0x00 9.2.3/9-7
0x00_0022 | Peripheral Power Management Clear Register (PPMRC)? 32 R/W 0x00 9.2.4/9-8
0x00_0023 |IPS Bus Timeout Monitor Register (IPSBMT)?3 32 R/W | 0x0000_0008 9.3/9-9
0x00_0024 | Peripheral Access Control Register (PACRO) 8 R/W 0x00 13.7.3.2/13-15
0x00_0025 | Peripheral Access Control Register (PACR1) 8 R/W 0x00 13.7.3.2/13-15
0x00_0026 | Peripheral Access Control Register (PACR2) 8 R/W 0x00 13.7.3.2/13-15
0x00_0027 | Peripheral Access Control Register (PACR3) 8 R/W 0x00 13.7.3.2/13-15
0x00_0028 | Peripheral Access Control Register (PACR4) 8 R/W 0x00 13.7.3.2/13-15
0x00_0029 | Peripheral Access Control Register (PACR5) 8 R/W 0x00 13.7.3.2/13-15
0x00_002A | Peripheral Access Control Register (PACR6) 8 R/W 0x00 13.7.3.2/13-15
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Table 13-1. SCM Register Map (continued)

System Control Module (SCM)

IngfSeAtlf Register \?SS;;] Access | Reset Value | Section/Page
0x00_002B | Peripheral Access Control Register (PACR7) 8 R/W 0x00 13.7.3.2/13-15
0x00_002C | Peripheral Access Control Register (PACR8) 8 R/W 0x00 13.7.3.2/13-15
0x00_002E | Peripheral Access Control Register (PACR9) 8 R/W 0x00 13.7.3.2/13-15
0x00_0030 | Grouped Peripheral Access Control Register 0 (GPACRO0) 8 R/W 0x00 13.7.3.3/13-16
0x00_0031 | Grouped Peripheral Access Control Register 1 (GPACR1) 8 R/W 0x00 13.7.3.3/13-16

Addresses not assigned to a register and undefined register bits are reserved for expansion.

2 The PPMRH, LPICR, PPMRL, PPMRS, PPMRC, and IPSBMT are described in Chapter 9, “Power Management.”

Register must be addressed as a byte.

13.5 Register Descriptions

13.5.1

Internal Peripheral System Base Address Register (IPSBAR)

The IPSBAR specifies the base address for the 1-Gbyte memory space associated with the on-chip
peripherals. At reset, the base address is loaded with a default location of 0x4000 0000 and marked as
valid (IPSBAR[V]=1). If desired, the address space associated with the internal modules can be moved by
loading a different value into the IPSBAR at a later time.

NOTE

Accessing reserved IPSBAR memory space could result in an unterminated
bus cycle that causes the core to hang. Only a hard reset allows the core to
recover from this state. Therefore, all bus accesses to IPSBAR space should

fall within a module’s memory map space.

If an address hits in overlapping memory regions, the following priority is used to determine what memory

is accessed:
1. IPSBAR
2. RAMBAR

See Figure 13-1 and Table 13-2 for descriptions of the bits in IPSBAR.

NOTE

This is the list of memory access priorities when viewed from the processor

core.
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System Control Module (SCM)

IPSBAR 0x000 (IPSBAR) Access: read/write
Offset:
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BA31 | BA30
W
Reset O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0
\%
\W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 13-1. IPS Base Address Register (IPSBAR)

Table 13-2. IPSBAR Field Description

Field Description

31-30 | Base address. Defines the base address of the 1-Gbyte internal peripheral space. This is the starting address for the
BA | IPS registers when the valid bit is set.

29-1 | Reserved, should be cleared.

0 Valid. Enables/disables the IPS Base address region. V is set at reset.
\% 0 IPS Base address is not valid.
1 IPS Base address is valid.

13.5.2 Memory Base Address Register (RAMBAR)

The device supports dual-ported local SRAM memory. This processor-local memory can be accessed
directly by the core and/or other system bus masters. Because this memory provides single-cycle accesses
at processor speed, it is ideal for applications where double-buffer schemes can be used to maximize
system-level performance. For example, a DMA channel in a typical double-buffer application (also
known as a ping-pong scheme) may load data into one portion of the dual-ported SRAM while the
processor is manipulating data in another portion of the SRAM. After the processor completes the data
calculations, it begins processing the recently loaded buffer while the DMA moves out the recently
calculated data from the other buffer, and reloads the next data block into the recently freed memory
region. The process repeats with the processor and the DMA ping-ponging between alternate regions of
the dual-ported SRAM.

The device design implements the dual-ported SRAM in the memory space defined by the RAMBAR
register. There are two physical copies of the RAMBAR register: one located in the processor core and
accessible only via the privileged MOVEC instruction at CPU space address 0xC05 and another located
in the SCM at IPSBAR + 0x008. ColdFire core accesses to this memory are controlled by the
processor-local copy of the RAMBAR, while module accesses are enabled by the SCM's RAMBAR.

The physical base address programmed in both copies of the RAMBAR s typically the same value;
however, they can be programmed to different values. By definition, the base address must be a
0-modulo-size value.
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System Control Module (SCM)

IPSBAR 0x008 (RAMBAR) Access: read/write

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

R

BA

w
Reset 0O 0 0 0 ] 0 0 0 0 \ 0 0 0 0 ] 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

BDE

w

Reset 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-2. Memory Base Address Register (RAMBAR)

Table 13-3. RAMBAR Field Description

Field Description

31-16 | Base address. Defines the memory module's base address on a 64-Kbyte boundary corresponding to the physical
BA | array location within the 4 Gbyte address space supported by ColdFire.

15-10 | Reserved, should be cleared.

9 Back door enable. Qualifies non-core master module accesses to the memory.
BDE |0 Disables non-core master module accesses to the internal SRAM
1 Enables non-core master module accesses to the internal SRAM
Note: The SPV bit in the CPU’'s RAMBAR must also be set to allow dual port access to the SRAM. For more
information, see Section 11.2.1, “SRAM Base Address Register (RAMBAR).”

8-0 |Reserved, should be cleared.
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System Control Module (SCM)

The SRAM modules are configured through the RAMBAR shown in Figure 13-2.
* RAMBAR specifies the base address of the SRAM.

» All undefined bits are reserved. These bits are ignored during writes to the RAMBAR and return
zeros when read.

» The back door enable bit, RAMBAR[BDE], is cleared at reset, disabling the module access to the
SRAM.

NOTE

The RAMBAR default value of 0x0000 0000 is invalid. The RAMBAR
located in the processor’s CPU space must be initialized with the valid bit
set before the CPU (or modules) can access the on-chip SRAM (see
Chapter 11, “Static RAM (SRAM),” for more information.

For details on the processor's view of the local SRAM memories, see Section 11.2.1, “SRAM Base
Address Register (RAMBAR).”

13.5.3 Core Reset Status Register (CRSR)

The CRSR contains a bit that indicates the reset source to the CPU. When the EXT bit (bit 7) reads as 1,
an external device driving RSTI has caused the most recent reset. The CRSR is updated by the control logic
when the reset is complete. Only one bit is set at a time in the CRSR. The register reflects the cause of the
most recent reset. To clear a bit, a logic 1 must be written to the bit location; writing a zero has no effect.
Unused bits are reserved and should not be written.

NOTE

The reset status register (RSR) in the reset controller module provides
indication of all reset sources except the core watchdog timer (see
Chapter 10, “Reset Controller Module”).

IPSBAR Access: read/write
Offset: 0x0010 (CRSR)
7 6 5 4 3 2 1
R 0 0 0 0 0 0 0
EXT
w
Reset: See Note 0 0 0 0 0 0 0

Note: The reset value of EXT depend on the last reset source. All other bits are initialized to zero.

Figure 13-3. Core Reset Status Register (CRSR)
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System Control Module (SCM)

Table 13-4. CRSR Field Descriptions

Field Description

7 External reset.
EXT |1 Anexternal device driving RSTI caused the last reset. Assertion of reset by an external device causes the processor
core to initiate reset exception processing. All registers are forced to their initial state.

6-0 |Reserved, should read as 0. Do not write to these locations.

13.5.4 Core Watchdog Control Register (CWCR)

The core watchdog timer prevents system lockup if the software becomes trapped in a loop with no
controlled exit. The core watchdog timer can be enabled or disabled through CWCR[CWE]. It is disabled
by default. If enabled, the watchdog timer requires the periodic execution of a core watchdog servicing
sequence. If this periodic servicing action does not occur, the timer times out, resulting in a watchdog timer
interrupt, as programmed by CWCR[CWRI]. If the timer times out and the core watchdog transfer
acknowledge enable bit (CWCR[CWTA]) is set, a watchdog timer interrupt is asserted. If a core watchdog
timer interrupt acknowledge cycle has not occurred after another timeout, CWT TA is asserted in an
attempt to allow the interrupt acknowledge cycle to proceed by terminating the bus cycle. The setting of
CWCR[CWTAVAL] indicates that the watchdog timer TA was asserted.

To prevent the core watchdog timer from interrupting, the CWSR must be serviced by performing the
following sequence:

1. Write 0x55 to CWSR.

2. Write OXAA to the CWSR.
Both writes must occur in order before the time-out, but any number of instructions can be executed
between the two writes. This order allows interrupts and exceptions to occur, if necessary, between the two
writes. Caution should be exercised when changing CWCR values after the software watchdog timer has
been enabled with the setting of CWCR[CWE], because it is difficult to determine the state of the core

watchdog timer while it is running. The countdown value is constantly compared with the time-out period
specified by CWCR[CWT]. The following steps must be taken to change CWT:

1. Disable the core watchdog timer by clearing CWCR[CWE].

2. Reset the counter by writing 0x55 and then OXAA to CWSR.

3. Update CWCR[CWT].

4. Re-enable the core watchdog timer by setting CWCR[CWE]. This step can be performed in step 3.
The CWCR controls the software watchdog timer, time-out periods, and software watchdog timer transfer

acknowledge. The register can be read at any time, but can be written only if the CWT is not pending. At
system reset, the software watchdog timer is disabled.
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System Control Module (SCM)

IPSBAR Access: read/write
Offset: 0x0011 (CWCR)

7 6 5 4 ‘ 3 2 1 0

\; CWE CWRI CWTI[2:0] CWTA CWTAVAL CWTIF
Reset: 0 0 0 0 ‘ 0 0 0 0
Figure 13-4. Core Watchdog Control Register (CWCR)
Table 13-5. CWCR Field Description
Field Description
7 Core watchdog enable.

CWE |0 SWT disabled.
1 SWT enabled.

6 Core watchdog interrupt select.

CWRI |0 If atime-out occurs, the CWT generates an interrupt to the processor core. The interrupt level for the CWT is
programmed in the interrupt control register 8 (ICR8) of INTCO.

1 Reserved. If a one is written, undetermined behavior results.

Note: If a core reset is required, the watchdog interrupt should set the soft reset bit in the interrupt controller.

5-3 Core watchdog timing delay. These bits select the timeout period for the CWT as shown in the following table. At
CWT]J2:0] | system reset, the CWT field is cleared signaling the minimum time-out period but the watchdog is disabled
(CWCR[CWE] = 0). the following table shows the core watchdog timer delay.

CWT [2:0] CWT Time-Out Period
000 29 Bus clock frequency
001 211 Bus clock frequency
010 213 Bus clock frequency
011 215 Bus clock frequency
100 219 Bus clock frequency
101 223 Bus clock frequency
110 227 Bus clock frequency
111 231 Bus clock frequency
2 Core watchdog transfer acknowledge enable.

CWTA |0 CWTA Transfer acknowledge disabled.

1 CWTA Transfer Acknowledge enabled. After one CWT time-out period of the unacknowledged assertion of the
CWT interrupt, the transfer acknowledge asserts, which allows CWT to terminate a bus cycle and allow the
interrupt acknowledge to occur.

1 Core watchdog transfer acknowledge valid.
CWTAVA |0 CWTA Transfer Acknowledge has not occurred.
L 1 CWTA Transfer Acknowledge has occurred. Write a 1 to clear this flag bit.

0 Core watchdog timer interrupt flag.
CWTIF |0 CWT interrupt has not occurred
1 CWT interrupt has occurred. Write a 1 to clear the interrupt request.
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System Control Module (SCM)

13.5.5 Core Watchdog Service Register (CWSR)

The software watchdog service sequence must be performed using the CWSR as a data register to prevent
a CWT time-out. The service sequence requires two writes to this data register: first a write of 0x55
followed by a write of OXAA. Both writes must be performed in this order prior to the CWT time-out, but
any number of instructions or accesses to the CWSR can be executed between the two writes. If the CWT
has already timed out, writing to this register has no effect in negating the CWT interrupt. Figure 13-5
illustrates the CWSR. At system reset, the contents of CWSR are uninitialized.

IPSBAR Access: read/write
Offset: 0x0013 (CWSR)

7 6 5 4 ‘ 3 2 1 0

R
CWSR[7:0]

w

Reset: Uninitialized ‘
Figure 13-5. Core Watchdog Service Register (CWSR)

13.6 Internal Bus Arbitration

The internal bus arbitration is performed by the on-chip bus arbiter, which containing the arbitration logic
that controls which of up to four MBus masters (M0-M3 in Figure 13-6) has access to the external buses.
The function of the arbitration logic is described in this section.

Back door to SRAM and flash

?V
SRAM1
¢ MPARK RAMBAR
CPU
MO
DMA |
M2 MARB
FEC - Internal
M3 Modules

Figure 13-6. Arbiter Module Functions

13.6.1 Overview

The basic functionality is that of a 2-port, pipelined internal bus arbitration module with the following
attributes:
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System Control Module (SCM)

» The master pointed to by the current arbitration pointer may get on the bus with zero latency if the
address phase is available. All other requesters face at least a one cycle arbitration pipeline delay
to meet bus timing constraints on address phase hold.

» Ifarequester receives an immediate address phase (it is pointed to by the current arbitration pointer
and the bus address phase is available), it is the current bus master and is ignored by arbitration.
All remaining requesting ports are evaluated by the arbitration algorithm to determine the
next-state arbitration pointer.

» There are two arbitration algorithms: fixed and round-robin. Fixed arbitration sets the next-state
arbitration pointer to the highest priority requester. Round-robin arbitration sets the next-state
arbitration pointer to the highest priority requester (calculated by adding a requester's fixed priority
to the current bus master’s fixed priority and then taking this sum modulo the number of possible
bus masters).

» The default priority is DMA (M2) > CPU (MO0) > FEC (M3), where M2 is the highest and M3 the
lowest priority.

» There are two actions for an idle arbitration cycle, leave the current arbitration pointer as is or set
it to the lowest priority requester.

» The anti-lock-out logic for the fixed priority scheme forces the arbitration algorithm to round-robin
if any requester has been held for longer than a specified cycle count.

13.6.2 Arbitration Algorithms

There are two modes of arbitration: fixed and round-robin. This section discusses the differences between
them.

13.6.2.1 Round-Robin Mode

Round-robin arbitration is the default mode after reset. This scheme cycles through the sequence of
masters as specified by MPARK[Mn_PRTY] bits. Upon completion of a transfer, the master is given the
lowest priority and the priority for all other masters is increased by one.

M2 =01 M0 =10 M3 =00
next+1 M2=10M0=11M3=01
next+2 M2=11M0=00M3=10
next+3 M2=00M0=01M3=11
If no masters are requesting, the arbitration unit must park, pointing at one of the masters. There are two
possibilities: park the arbitration unit on the last active master, or park pointing to the highest priority
master. Setting MPARK[PRK_LAST] causes the arbitration pointer to be parked on the highest priority

master. In round-robin mode, programming the timeout enable and lockout bits MPARK[13,11:8] has no
effect on the arbitration.

13.6.2.2 Fixed Mode

In fixed arbitration, the master with highest priority (as specified by the MPARK[Mn_PRTY] bits) wins
the bus. That master relinquishes the bus when all transfers to that master are complete.
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System Control Module (SCM)

If MPARK[TIMEOUT] is set, a counter increments for each master for every cycle it is denied access.
When a counter reaches the limit set by MPARK[LCKOUT _TIME], the arbitration algorithm is changed
to round-robin arbitration mode until all locks are cleared. The arbitration then returns to fixed mode and
the highest priority master is granted the bus.

As in round-robin mode, if no masters are requesting, the arbitration pointer parks on the highest priority
master if MPARK[PRK_LAST] is set or parks on the master whose last requested the bus if cleared.

13.6.3 Bus Master Park Register (MPARK)

The MPARK controls the operation of the system bus arbitration module. The platform bus master
connections are defined as the following:

* Master 2 (M2): 4-channel DMA
» Master 3 (M3): Fast Ethernet controller (FEC)
» Master 0 (MO0): V2 ColdFire Core

IPSBAR Access: read/write
Offset: 0x001C (MPARK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R O 0 0 0 0 0 M2_ | BCR 0 0
W P EN|24BIT M3_PRTY M2_PRTY | MO_PRTY
Reset 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O TIME | PRK
W FIXED| 5t | aST LCKOUT_TIME
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-7. Default Bus Master Park Register (MPARK)

Table 13-6. MPARK Field Descriptions

Field Description

31-26 Reserved, should be cleared.

25 DMA bandwidth control enable
M2_P_EN 0 Disable the use of the DMA's bandwidth control to elevate the priority of its bus requests.
1 Enable the use of the DMA's bandwidth control to elevate the priority of its bus requests.

24 Enables the use of 24 bit byte count registers in the DMA module
BCR24BIT 0 DMA BCRs function as 16 bit counters.
1 DMA BCRs function as 24 bit counters.

23-22 Master priority level for master 3 (FEC)
M3_PRTY 00 Fourth (lowest) priority
01 Third priority
10 Second priority
11 First (highest) priority
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Table 13-6. MPARK Field Descriptions (continued)

Field Description
21-20 Master priority level for master 2 (DMA Controller)
M2_PRTY 00 Fourth (lowest) priority
01 Third priority
10 Second priority
11 First (highest) priority
19-18 Master priority level for master O (ColdFire Core)
MO_PRTY 00 Fourth (lowest) priority
01 Third priority
10 Second priority
11 First (highest) priority
17-15 Reserved, should be cleared.
14 Fixed or round robin arbitration
FIXED 0 Round robin arbitration
1 Fixed arbitration
13 Timeout Enable
TIMEOUT 0 Disable count for when a master is locked out by other masters.
1 Enable count for when a master is locked out by other masters and allow access when LCKOUT_TIME is
reached.
12 Park on the last active master or highest priority master if no masters are active
PRKLAST 0 Park on last active master
1 Park on highest priority master
11-8 Lock-out Time. Lock-out time for a master being denied the bus.
LCKOUT_TIME | The lock out time is defined as 2" LCKOUT_TIME[3:0].
7-0 Reserved, should be cleared.

The initial state of the master priorities is M3 > M2 > M1 > MO0. System software should guarantee that
the programmed Mn_PRTY fields are unique, otherwise the hardware defaults to the initial-state priorities.
NOTE

The M1_PRTY field should not be set for a priority higher than third
(default).

13.7 System Access Control Unit (SACU)

This section details the functionality of the system access control unit (SACU), which provides the
mechanism needed to implement secure bus transactions to the address space mapped to the internal
modules.

13.7.1 Overview

The SACU supports the traditional model of two privilege levels: supervisor and user. Typically, memory
references with the supervisor attribute have total accessibility to all the resources in the system, while user
mode references cannot access system control and configuration registers. In many systems, the operating
system executes in supervisor mode, while application software executes in user mode.
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System Control Module (SCM)

The SACU further partitions the access control functions into two parts: one control register defines the
privilege level associated with each bus master, and another set of control registers define the access levels
associated with the peripheral modules and memory space.

The SACU’s programming model is physically implemented as part of the system control module (SCM)
with the actual access control logic included as part of the arbitration controller. Each bus transaction
targeted for the IPS space is first checked to see if its privilege rights allow access to the given memory
space. If the privilege rights are correct, the access proceeds on the bus. If the privilege rights are
insufficient for the targeted memory space, the transfer is immediately aborted and terminated with an
exception, and the targeted module is not accessed.

13.7.2 Features
Each bus transfer can be classified by its privilege level and the reference type. The complete set of access
types includes the following:

» Supervisor instruction fetch

» Supervisor operand read

» Supervisor operand write

» User instruction fetch

» User operand read

» User operand write

Instruction fetch accesses are associated with the execute attribute.

It should be noted that while the bus does not implement the concept of reference type (code versus data)
and only supports the user/supervisor privilege level, the reference type attribute is supported by the
system bus. Accordingly, the access checking associated with privilege level and reference type is
performed in the IPS controller using the attributes associated with the reference from the system bus.
The SACU partitions the access control mechanisms into three distinct functions:
» Master privilege register (MPR)
— Allows each bus master to be assigned a privilege level:

— Disable the master’s user/supervisor attribute and force to user mode access
— Enable the master’s user/supervisor attribute

— The reset state provides supervisor privilege to the processor core (bus master 0).

— Input signals allow the non-core bus masters to have their user/supervisor attribute enabled at
reset. This is intended to support the concept of a trusted bus master, and also controls the
ability of a bus master to modify the register state of any of the SACU control registers; that is,
only trusted masters can modify the control registers.

» Peripheral access control registers (PACRS)
— Provide read/write access rights, supervisor/user privilege levels.
— Reset state provides supervisor-only read/write access to these modules.
— Nine 8-bit registers control access to 17 of the on-chip peripheral modules
» Grouped peripheral access control registers (GPACR0, GPACR1)
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System Control Module (SCM)

— Provide read/write/execute access rights, supervisor/user privilege levels.
— One single register (GPACRO) controls access to 14 of the on-chip peripheral modules.
— One register (GPACRL1) controls access for IPS reads and writes to the flash module.
— Reset state provides supervisor-only read/write access to each of these peripheral spaces.

13.7.3

The memory map for the SACU program-visible registers within the system control module (SCM) is

Memory Map/Register Definition

shown in Figure 13-7. The MPR, PACR, and GPACRs are 8 bits wide.
Table 13-7. SACU Register Memory Map

IPSBAR | 131.2g [27:24] [23:20] [19:16] [15:12] [11:8] [7:4] (3:0]
Offset
0x020 MPR PPMRS PPMRC IPSBMT
0x024 PACRO PACR1 PACR?2 PACR3
0x028 PACR4 PACR5 PACR6 PACR?
0x02C PACRS PACR9 — —
0x030 GPACRO GPACR1 — —
0x034 — — _ —
0x038 — — — —
0x03C — — — —
13.7.3.1 Master Privilege Register (MPR)

The MPR specifies the access privilege level associated with each bus master in the platform. The register
provides one bit per bus master, where bit 3 corresponds to master 3 (Fast Ethernet controller), bit 2 to
master 2 (DMA Controller), and bit 0 to master 0 (ColdFire core).

IPSBAR

Offset: 0x0020 (MPR)

7

Access: read/write

R 0 0 0 0
MPR
W
Reset: 0 0 0 0 0 0 1 1

Figure 13-8. Master Privilege Register (MPR)
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System Control Module (SCM)

Table 13-8. MPR[n] Field Descriptions

Field Description

7-4 | Reserved. Should be cleared.

3-0 | Each 1-bit field defines the access privilege level of the given bus master n.
MPR |0 All bus master accesses are in user mode.
1 All bus master accesses use the sourced user/supervisor attribute.

Only trusted bus masters can modify the access control registers. If a non-trusted bus master attempts to
write any of the SACU control registers, the access is aborted with an error termination and the registers
remain unaffected.

The processor core is connected to bus master 0 and is always treated as a trusted bus master. Accordingly,
MPR[0] is forced to 1 at reset.

13.7.3.2 Peripheral Access Control Registers (PACRO-PACR9)

Access to several on-chip peripherals is controlled by shared peripheral access control registers. A single
PACR defines the access level for each of the two modules. These modules only support operand reads
and writes. Each PACR follows the format illustrated in Figure 13-9. For a list of PACRs and the modules
that they control, refer to Table 13-11.

IPSBAR Access: read/write
Offset: 0x0024 + Offset! (PACRn)
7 6 5 4 3 2 1 0
R
LOCK1 ACCESS_CTRL1 LOCKO ACCESS_CTRLO
W
Reset: 0 0 0 0 0 0 0 0

Figure 13-9. Peripheral Access Control Register (PACRnN)
1 See Table 13-1 for the full list of addresses.

Table 13-9. PACR Field Descriptions

Field Description
7 This bit, when set, prevents subsequent writes to ACCESSCTRL1. Any attempted write to the PACR
LOCK1 generates an error termination and the contents of the register are not affected. Only a system reset clears
this flag.
64 This 3-bit field defines the access control for the given platform peripheral.
ACCESS_CTRL1 | The encodings for this field are shown in Table 13-10.
3 This bit, when set, prevents subsequent writes to ACCESSCTRLO. Any attempted write to the PACR
LOCKO generates an error termination and the contents of the register are not affected. Only a system reset clears
this flag.
2-0 This 3-bit field defines the access control for the given platform peripheral.
ACCESS_CTRLO | The encodings for this field are shown in Table 13-10.
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Table 13-10. PACR ACCESSCTRL Bit Encodings

Bits Supervisor Mode User Mode
000 Read/Write No Access

001 Read No Access

010 Read Read

011 Read No Access

100 Read/Write Read/Write

101 Read/Write Read

110 Read/Write Read/Write

111 No Access No Access

Table 13-11. Peripheral Access Control Registers (PACRS)

Modules Controlled*
IPSBAR Offset Name
ACCESS_CTRL1 ACCESS_CTRLO

0x024 PACRO SCM —
0x025 PACR1 — DMA
0x026 PACR2 UARTO UART1
0x027 PACR3 UART2 —
0x028 PACR4 12c QSPI
0x029 PACR5 — —
0x02A PACR6 DTIMO DTIM1
0x02B PACR7 DTIM2 DTIM3
0x02C PACRS8 INTCO INTC1
0x02E PACR9 FEC —

1 Avalue of “—"in these columns indicates that the bits are not associated with any

module and are reserved.

At reset, these on-chip modules are configured to have only supervisor read/write access capabilities. If an
instruction fetch access to any of these peripheral modules is attempted, the IPS bus cycle is immediately
terminated with an error.

13.7.3.3 Grouped Peripheral Access Control Registers (GPACRO & GPACR1)

The on-chip peripheral space starting at IPSBAR is subdivided into sixteen 64-Mbyte regions. Each of the
first two regions has a unigque access control register associated with it. The other 14 regions are in reserved
space; the access control registers for these regions are not implemented. Bits [29:26] of the address select
the specific GPACRn to be used for a given reference within the IPS address space. These access control
registers are 8 bits wide so that read, write, and execute attributes may be assigned to the given IPS region.
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IPSBAR 0x0030 (GPACRO)

System Control Module (SCM)

NOTE

The access control for modules with memory space protected by
PACRO-PACR9 are determined by the PACRO-PACR9 settings. The access
control is not affected by GPACRO, even though the modules are mapped in
its 64-Mbyte address space.

Access: read/write

Offsets: 0x0031 (GPACR1)

7 6 5 4 3 2 1 0
R 0 0 0
LOCK ACCESS_CTRL
W
Reset: 0 0 0 0 0 0 0 0

Figure 13-10. GPACR Register

Table 13-12. Grouped Peripheral Access Control Register (GPACR) Field Descriptions

Field Description
7 This bit, after set, prevents subsequent writes to the GPACR. Any attempted write to the GPACR generates
LOCK an error termination and the contents of the register are not affected. Only a system reset clears this flag.
6—4 Reserved, should be cleared.
3-0 This 4-bit field defines the access control for the given memory region.
ACCESS_CTRL | The encodings for this field are shown in Table 13-13.

At reset, these on-chip modules are configured to have only supervisor read/write access capabilities. Bit
encodings for the ACCESS_CTRL field in the GPACR are shown in Table 13-13. Table 13-14 shows the

memory space

protected by the GPACRs and the modules mapped to these spaces.
Table 13-13. GPACR ACCESS_CTRL Bit Encodings

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

Bits Supervisor Mode User Mode
0000 Read / Write No Access
0001 Read No Access
0010 Read Read

0011 Read No Access
0100 Read / Write Read / Write
0101 Read / Write Read

0110 Read / Write Read / Write
0111 No Access No Access
1000 Read / Write / Execute No Access
1001 Read / Execute No Access
1010 Read / Execute Read / Execute
1011 Execute No Access
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System Control Module (SCM)

Table 13-13. GPACR ACCESS_CTRL Bit Encodings (continued)

Bits Supervisor Mode User Mode
1100 Read / Write / Execute Read / Write / Execute
1101 Read / Write / Execute Read / Execute

1110 Read / Write Read

1111 Read / Write / Execute Execute

Table 13-14. GPACR Address Space

Space Protected

Register (IPSBAR Offset) Modules Protected
GPACRO 0x0000_0000— Ports, CCM, PMM, Reset controller, Clock,
O0X03FF_FFFF EPORT, WDOG, PITO-PIT3, QADC, GPTA,
GPTB, FlexCAN, CFM (Control)
GPACR1 0x0400_0000— CFM (Flash module’s backdoor access for

O0X07FF_FFFF

programming or access by a bus master other
than the core)
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Chapter 14
General Purpose I/O Module

14.1 Introduction

Many of the pins associated with the external interface may be used for several different functions. When
not used for their primary function, many of the pins may be used as general-purpose digital 1/0 pins. In
some cases, the pin function is set by the operating mode, and the alternate pin functions are not supported.

The digital 1/0 pins are grouped into 8-bit ports. Some ports do not use all 8 bits. Each port has registers
that configure, monitor, and control the port pins. Figure 14-1 is a block diagram of the MCF52235 ports.
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General Purpose I/0 Module

PORT DD

(———> DDATA[3:0] / PDD[7:4]

(———> PST[3:0]/ PDD[3:0]

PORT AS

<«—» SYNCA / CANTX / FEC_MDIO / PAS[3]
<—» SYNCB / CANRX / FEC_MDC / PAS[2]

<+—» SDA / CANRX / URXD2 / PAS[1]
~+— SCL / CANTX / UTXD2 / PAS[O]

PORT QS

<«— QSPI_CS3/SYNCA / SYNCB / PQSI6]
<—» QSPI_CS2/ PQS[5]

[~<—— QSPI_CS1/PQS[4

-+—» QSPI_CS0/SDA/UCTS1/PQSJ[3]
«—» QSPI_CLK / SCL / URTS1 / PQS[2]
«—» QSPI_DIN / CANRX / URXD1 / PQS[1]
e—> QSPI_DOUT / CANTX / UTXD1 / PQS|O0]

PORT TA

l«—» GPT[3]/ FEC_TXD[3]/ PWM7 / PTA[3]
«—» GPT[2]/ FEC_TXD[2] / PWMS5 / PTA[2]
«—» GPT[1]/ FEC_TXD[1]/ PWM3/ PTA[1]
«—» GPT[0] / FEC_TXER / PWM1 / PTA[0]

PORT TD

l«— PWM7 / PTD
l«— PWM5 / PTD
l«— PWM3 / PTD
l«—» PWM1/PTD

3
2
1
0

PORT TC

<«— DTIN3/ PTC
~<«— DTIN2 / PTC
<«— DTIN1/PTC
<«— DTINO / PTC

3
2
1
0

/DTOUT3 / PWM6
/DTOUT2 / PWM4
/DTOUT1/ PWM2
/DTOUTO / PWMO

PORT UC

l— UCTS2 / PUC[3]
<«— URTS2 / PUCJ[2]
<«— URXD2 / PUC[1]
<— UTXD2 / PUC[0]

PORT UB

«—» UCTS1/SYNCA / URXD2 / PUB[3]
«—» URTS1/SYNCB / UTXD2 / PUB[2]
«—» URXD1/FEC_TXDI[0] / PUB[1]
l«—>» UTXD1/FEC_COL / PUB[O]

PORT UA

«—» UCTS0/ CANRX / FEC_RXCLK / PUB[3]
«—» URTS0/ CANTX / FEC_RXDV / PUA[2]
«— URXDO / FEC_RXD[0] / PUA[1]

«— UTXDO / FEC_CRS / PUA[0]

PORT AN

~<—» ANO / PAN[O
<— AN1/PANJ[1
—> AN2 / PAN|2
l<— AN3 / PAN[3
l«— AN4 / PAN[4
[<«— AN5 / PAN[S
l«—> ANG / PAN[6
l«— AN7 / PAN[7

PORT NQ

|<«— |RQ1 / SYNCA / PWM1 / PNQ[1]
«— |RQ2 / FEC_RXD[3]/ PNQ[2]
«— |RO3 / FEC_RXDJ[2] / PNQ[3]
< IRQ4 / PNQ[4]

|«— |RQ5 / FEC_RXDI[1] / PNQ[5]
|«— |RQ6 / FEC_RXER / PNQ[6]
<-— |RQ7 / PNQJ7]

PORT LD

l«—» ACTLED / PLDJO
l«—» LNKLED /PLD[1
~-—— SPDLED / PLD|[2
~— DUPLED / PLDI[3
<«— COLLED / PLD[4
<«—» RXLED /PLD
[<— TXLED / PLD[6

PORT GP

l<«— |IRQ8 / PGPI[0]

«—> IRQ9 / PGPJ[1]

l«—> |IRQ10/ PGP[2]
<«—> |RQ11/ PGP[3]
l«—> |IRQ12 / PGP[4]
l«—> |IRQ13/ PGP[5]
l<«— |IRQ14 / PGP[6]

l«— IRQ15 / PGP[7]

Figure 14-1. General Purpose I/O Module Block Diagram

14.2 Overview

The MCF52235 ports module controls the configuration for the following external pins:
External bus accesses

Chip selects

Debug data

Processor status

FlexCAN transmit/receive data
1°C serial control

QSPI

UART transmit/receive
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General Purpose I/0 Module

* 32-bit DMA timers

14.3 Features

The MCF52235 ports includes these distinctive features:
» Control of primary function use on all ports
» Digital I/0 support for all ports; registers for:
— Storing output pin data
— Controlling pin data direction
— Reading current pin state
— Setting and clearing output pin data registers

14.4 Signal Descriptions

Refer to Chapter 2, “Signal Descriptions,” for more detailed information on the different signals and pins.

14.5 Memory Map/Register Definition

145.1 Ports Memory Map
Table 14-1 summarizes all the registers in the MCF52235 ports address space.
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General Purpose I/0 Module

Table 14-1. Ports Module Memory Map

Address? 31-24 23-16 15-8 7-0 Access?
Port Output Data Registers
0x10_0000 Reserved S/U
0x10_0004 Reserved S/U
0x10_0008 PORTNQ Reserved PORTAN PORTAS S/U
0x10_000C PORTQS Reserved PORTTA PORTTC S/U
0x10_0010 PORTTD PORTUA PORTUB PORTUC S/U
0x10_0014 PORTDD PORTLD PORTGP Reserved S/U
Port Data Direction Registers
0x10_0018 Reserved S/U
0x10_001C Reserved S/U
0x10_0020 DDRNQ Reserved DDRAN DDRAS S/U
0x10_0024 DDRQS Reserved DDRTA DDRTC S/U
0x10_0028 DDRTD DDRUA DDRUB DDRUC S/U
0x10_002C DDRDD DDRLD DDRGP Reserved S/U
Port Pin Data/Set Data Registers
0x10_0030 Reserved S/U
0x10_0034 Reserved S/U
0x10_0038 SETNQ Reserved SETAN SETAS S/IU
0x10_003C SETQS Reserved SETTA SETTC S/U
0x10_0040 SETTD SETUA SETUB SETUC S/U
0x10_0044 SETDD SETLD SETGP Reserved S/IU
Port Clear Output Data Registers
0x10_0048 Reserved S/U
0x10_004C Reserved S/U
0x10_0050 CLRNQ Reserved CLRAN CLRAS S/U
0x10_0054 CLRQS Reserved CLRTA CLRTC S/U
0x10_0058 CLRTD CLRUA CLRUB CLRUC S/U
0x10_005C CLRDD CLRLD CLRGP Reserved S/U
Port Pin Assignment Registers
0x10_0060 Reserved S/U
0x10_0064 Reserved S/U
0x10_0068 PNQPAR PANPAR PASPAR S/U
0x10_006C PQSPAR PTAPAR PTCPAR S/U
0x10_0070 PTDPAR PUAPAR PUBPAR PUCPAR S/U
0x10_0074 PDDPAR PLDPAR PGPPAR Reserved S/U
Port Pad Control Registers
0x10_0078 PWOR[15:0] PDSR1 S/U
0x10_007C PDSRO S/U

1The register address is the sum of the IPSBAR address and the value in this column.
2s/U equals supervisor or user mode access. User mode accesses to supervisor-only addresses have no effect and cause
a cycle termination transfer error.
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General Purpose I/0 Module

14.6 Register Descriptions

14.6.1

The PORTN registers store the data to be driven on the corresponding port n pins when the pins are
configured for digital output.

Port Output Data Registers (PORTnN)

The PORTN registers with a full 8-bit implementation are shown in Figure 14-2. The remaining PORTn
registers use fewer than 8 bits. Their bit definitions are shown in Figure 14-3, Figure 14-4, and
Figure 14-5. The fields are described in Table 14-2, which applies to all PORTn registers.

The PORTN registers are read/write. At reset, all bits in the PORTn registers are set.
Reading a PORTNn register returns the current values in the register, not the port n pin values.

PORTN bits can be set by setting the PORTn register, or by setting the corresponding bits in the
PORTNP/SETNn register. They can be cleared by clearing the PORTNn register, or by clearing the
corresponding bits in the CLRn register.

IPSBAR 0x10_000A (PORTAN) Access: User read/write

Offsets: 0x10_0014 (PORTDD)
0x10_0016 (PORTGP)

7 6 5 4 3 2 1 0
R
PORTN7 PORTNG6 PORTN5 PORTN4 PORTN3 PORTN2 PORTN1 PORTNO
W
Reset: 1 1 1 1 1 1 1 1

Figure 14-2. Port Output Data Registers with Bits 7:0 Implemented (PORTAN, PORTDD, PORTGP)

IPSBAR 0x10_000B (PORTAS)
Offsets: 0x10_O0OE (PORTTA)
0x10_000F (PORTTC)
0x10_0010 (PORTTD)
0x10_0011 (PORTUA)
0x10_0012 (PORTUB)
0x10_0013 (PORTUC)

Access: User read/write

7

6

R 0 0 0 0
PORTN3 PORTN2 PORTN1 PORTNO
w
Reset: 0 0 0 0 1 1 1 1

Figure 14-3. Port Output Data Registers with Bits 3:0 Implemented (PORTAS, PORTTA, PORTTC, PORTTD,
PORTUA, PORTUB, PORTUC)
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General Purpose I/0 Module

IPSBAR 0x10_000C (PORTQS)
Offsets: 0x10_0015 (PORTLD)

Access: User read/write

7

6

R 0
PORTN6 PORTN5 PORTN4 PORTN3 PORTN2 PORTN1 PORTNO
W
Reset: 0 1 1 1 1 1 1 1

Figure 14-4. Port Output Data Registers with Bits 6:0 Implemented (PORTQS, PORTLD)

IPSBAR Access: User read/write
Offset: 0x10_0008 (PORTNQ)
7 6 5 4 3 2 1
R 0
PORTN7 PORTN6 PORTN5 PORTN4 PORTN3 PORTN2 PORTN1

W

Reset: 1 1 1 1 1 1 1 0
Figure 14-5. Port NQ Output Data Register (PORTNQ)
Table 14-2. PORTn Field Descriptions

Field Description
Portnx Data to be driven when the port pin is configured as a digital output.

1 Outputis a logic 1
0 Outputis alogic 0

14.6.2 Port Data Direction Registers (DDRn)

The DDRn registers control the direction of the port n pin drivers when the pins are configured for digital
1/0.

The DDRn registers with a full 8-bit implementation are shown in Figure 14-6. The remaining DDRn
registers use fewer than eight bits. Their bit definitions are shown in Figure 14-7, Figure 14-8, and
Figure 14-9. The fields are described in Table 14-3, which applies to all DDRn registers.

The DDRn registers are read/write. At reset, all bits in the DDRn registers are cleared to 0s.

Setting any bit in a DDRn register configures the corresponding port n pin as an output. Clearing any bit
in a DDRn register configures the corresponding pin as an input.
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IPSBAR 0x10_0022 (DDRAN)
Offsets: 0x10_002C (DDRDD)
0x10_002E (DDRGP)

General Purpose I/0 Module

Access: User read/write

7

6

R
DDRn7 DDRnN6 DDRnN5 DDRn4 DDRnN3 DDRnN2 DDRn1 DDRNO
W
Reset: 0 0 0 0 0 0 0 0

Figure 14-6. Port Data Direction Registers with Bits 7:0 Implemented (DDRAN, DDRDD, DDRGP)

IPSBAR 0x10_0023 (DDRAS)
Offsets: 0x10_0026 (DDRTA)
0x10_0027 (DDRTC)
0x10_0028 (DDRTD)
0x10_0029 (DDRUA)
0x10_002A (DDRUB)
0x10_002B (DDRUC)

7

6

Access: User read/write

R 0 0 0 0
DDRnN3 DDRnN2 DDRn1 DDRnNO
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-7. Port Data Direction Registers with Bits 3:0 Implemented (DDRAS, DDRTA, DDRTC, DDRTD,

DDRUA, DDRUB, DDRUC)

IPSBAR 0x10_0024 (DDRQS)
Offsets: 0x10_002D (DDRLD)

Access: User read/write

7

6

R 0
DDRnN6 DDRnN5 DDRn4 DDRnN3 DDRnN2 DDRn1 DDRNO
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-8. Port Data Direction Registers with Bits 6:0 Implemented (DDRQS, DDRLD)

IPSBAR

Offset: 0x10_0020 (DDRNQ)

7

6

Access: User read/write

R 0
DDRnN7 DDRnN6 DDRnN5 DDRn4 DDRnN3 DDRnN2 DDRn1
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-9. Port NQ Data Direction Register (DDRNQ)
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General Purpose I/0 Module

Table 14-3. DDRn Field Descriptions

Field Description

DDRnx Sets data direction for port nx pin when the port is configured as a digital output.
1 DDRnx is configured as an output

0 DDRnx is configured as an input

14.6.3 Port Pin Data/Set Data Registers (SETn)

The SETn registers reflect the current pin states and control the setting of output pins when the pin is
configured for digital 1/0.

The SETn registers with a full 8-bit implementation are shown in Figure 14-10. The remaining SETn
registers use fewer than eight bits. Their bit definitions are shown in Figure 14-11, Figure 14-12, and
Figure 14-13. The fields are described in Table 14-4, which applies to all SETn registers.

The SETn registers are read/write. At reset, the bits in the SETn registers are set to the current pin states.
Reading a SETn register returns the current state of the port n pins.

Writing 1s to a SETn register sets the corresponding bits in the PORTn register. Writing Os has no effect.

IPSBAR 0x10_003A (SETAN)
Offsets: 0x10_0044 (SETDD)
0x10_0046 (SETGP)

Access: User read/write

7 6 5 4 3 2 1 0
R
SETn7 SETn6 SETn5 SETn4 SETn3 SETn2 SETn1 SETnO
W
Reset: 1 1 1 1 1 1 1 1

Figure 14-10. Port Pin Data/Set Data Registers with Bits 7:0 Implemented (SETAN, SETDD, SETGP)

IPSBAR 0x10_003B (SETAS)
Offsets: 0x10_003E (SETTA)
0x10_003F (SETTC)
0x10_0040 (SETTD)
0x10_0041 (SETUA)
0x10_0042 (SETUB)
0x10_0043 (SETUC)

Access: User read/write

7

6

R 0 0 0 0
SETn3 SETn2 SETn1 SETnO
w
Reset: 0 0 0 0 1 1 1 1

Figure 14-11. Port Pin Data/Set Data Registers with Bits 3:0 Implemented (SETAS, SETTA, SETTC, SETTD,

SETUA, SETUB, SETUC)
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IPSBAR 0x10_003C (SETQS)
Offsets: 0x10_0045 (SETLD)

R
W

Reset:

7

6

General Purpose I/0 Module

Access: User read/write

0

SETn6

SETn5

SETn4

SETn3

SETn2

SETn1

SETnO

0

1

1

1

1

1

1

1

Figure 14-12. Port Pin Data/Set Data Registers with Bits 6:0 Implemented (SETQS, SETLD)

IPSBAR

Offset: 0x10_0038 (SETNQ)

7

6

Access: User read/write

R 0
SETn7 SETn6 SETn5 SETn4 SETn3 SETn2 SETnl1

W

Reset: 1 1 1 1 1 1 1 0
Figure 14-13. Port NQ Pin Data/Set Data Register (SETNQ)
Table 14-4. SETn Field Descriptions

Field Description
SEThx Port n pin data/set data bits.

1 Portn pin x state is 1 (read); writing a 1 sets the corresponding bit to 1
0 Port n pin x state is O (read)

14.6.4 Port Clear Output Data Registers (CLRn)

Writing Os to a CLRn register clears the corresponding bits in the PORTn register. Writing 1s has no effect.
Reading the CLRn register returns 0s.

The CLRn registers with a full 8-bit implementation are shown in Figure 14-14. The remaining DDRn

registers use fewer than eight bits. Their bit definitions are shown in Figure 14-15, Figure 14-16, and
Figure 14-17. The fields are described in Table 14-5, which applies to all CLRn registers.

The CLRn registers are read/write.
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General Purpose I/0 Module

IPSBAR 0x10_005C (CLRDD) Access: User read/write
Offsets: 0x10_0052 (CLRAN)

0x10_005E (CLRGP)

7 6 5 4 3 2 1 0
R
CLRn7 CLRnN6 CLRnN5 CLRNn4 CLRn3 CLRn2 CLRn1 CLRnNO
W
Reset: 0 0 0 0 0 0 0 0

Figure 14-14. Port Clear Output Data Registers with Bits 7:0 Implemented (CLRDD, CLRAN, CLRGP)

IPSBAR 0x10_0053 (CLRAS)
Offsets: 0x10_0056 (CLRTA)
0x10_0057 (CLRTC)
0x10_0058 (CLRTD)
0x10_0059 (CLRUA)
0x10_005A (CLRUB)
0x10_005B (CLRUC)

Access: User read/write

R
W

Reset:

7

6

0

0

CLRn3

CLRn2

CLRn1

CLRnNO

0

0

0

0

0

0

0

0

Figure 14-15. Port Clear Output Data Registers with Bits 3:0 Implemented (CLRAS, CLRTA, CLRTC, CLRTD,
CLRUA, CLRUB, CLRUC)

IPSBAR 0x10_0054 (CLRQS)
Offsets: 0x10_005D (CLRLD)

Access: User read/write

7

6

R 0
CLRN6 CLRN5 CLRN4 CLRN3 CLRN2 CLRN1 CLRNO
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-16. Port Clear Output Data Registers with Bits 6:0 Implemented (CLRQS, CLRLD)

IPSBAR

Offset: 0x10_0050 (CLRNQ)

7

6

Access: User read/write

R 0
CLRN7 CLRN6 CLRN5 CLRN4 CLRN3 CLRN2 CLRN1
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-17. Port NQ Clear Output Data Register (CLRNQ)
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General Purpose I/0 Module

Table 14-5. CLRn Field Descriptions

Field Description
CLRnx Port nx pin data/set data bits.
1 Never returned for reads; no effect for writes
0 Always returned for reads; clears corresponding port nx bit for writes
14.6.5 Pin Assignment Registers

All pin assignment registers are read/write. Refer to Table 2-1 for the different functions assignable to each
pin.
Some signals can be assigned to different pins (see Table 2-1). However, a signal should not be assigned

to more than one pin at the same time. If a signal is assigned to two or more pins simultaneously, the result
is undefined.

14.6.5.1

The dual function pin assignment registers allow each pin controlled by each register bit to be configured
for the primary function or the GP10 function. The fields are described in Table 14-6, which applies to all
dual-function registers.

Dual Function Pin Assignment Registers

IPSBAR 0x10_006A (PANPAR)
Offsets: 0x10_0074 (PDDPAR)
0x10_0076 (PGPPAR)

Access: User read/write

7 6 5 4 3 2 1 0
R
PnPAR7 PnPARG6 PnPARS PnPAR4 PnPARS3 PnPAR2 PnPAR1 PnPARO
W
Reset: 0 0 0 0 0 0 0 0
Figure 14-18. Dual-Function Pin Assignment Registers with Bits 7:0 Implemented (PANPAR, PDDPAR,
PGPPAR)
IPSBAR Access: User read/write
Offset: 0x10_0075 (PLDPAR)
7 6 5 4 3 2 1 0
R 0
PnPARG PnPARS PnPAR4 PnPARS3 PnPAR2 PnPAR1 PnPARO
W
Reset: 0 0 0 0 0 0 0 0

Figure 14-19. Port LD Pin Assignment Register (PLDPAR)
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General Purpose I/0 Module

IPSBAR 0x10_0070 (PTDPAR) Access: User read/write
Offsets: 0x10_0073 (PUCPAR)
7 6 5 4 3 2 1 0
R 0 0 0 0
PnPAR3 PnPAR2 PnPAR1 PnPARO
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-20. Dual-Function Pin Assignment Registers with Bits 3:0 Implemented (PTDPAR, PUCPAR)

Table 14-6. Dual-Function PnPAR Field Descriptions

Field Description

PnPARX PnPARX pin assignment register bits.
1 Pin assumes its primary function
0 Pin assumes its GPIO function

14.6.5.2 Quad-Function Pin Assignment Registers

The quad function pin assignment registers allow each pin controlled by each register bit to be configured
for the primary, alternate 1 (secondary), alternate 2 (tertiary), and GPIO (quaternary) functions. The fields
are described in Table 14-7, which applies to all quad-function registers.

IPSBAR Access: User read/write
Offset: 0x10_0068 (PNQPAR)
15 14 13 12 11 10 9 8
R
W PnPAR7 PnPARG6 PnPAR5 PnPAR4
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PnPAR3 PnPAR2 PnPAR1
Reset 0 0 0 0 0 0 0 0

Figure 14-21. Port NQ Pin Assighment Register (PNQPAR)
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General Purpose I/0 Module

IPSBAR Access: User read/write
Offset: 0x10_006C (PQSPAR)
15 14 13 12 11 10 9 8
R 0 0
W PnPARG6 PnPARS5S PnPAR4
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PnPAR3 PnPAR2 PnPAR1 PnPARO
Reset 0 0 0 0 0 0 0 0
Figure 14-22. Port QS Pin Assignment Register (PQSPAR)
IPSBAR 0x10_006B (PASPAR) Access: User read/write

Offsets: 0x10_006E (PTAPAR)
0x10_006F (PTCPAR)
0x10_0071 (PUAPAR)
0x10_0072 (PUBPAR)

7 6 5 4 3 2 1 0
R
PnPAR3 PnPAR2 PnPAR1 PnPARO
W
Reset: 0 0 0 0 0 0 0 0

Figure 14-23. Quad-Function Pin Assignment Registers with Bits 7:0 Implemented (PASPAR, PTAPAR,
PTCPAR, PUAPAR, PUBPAR)

Table 14-7. Quad-Function PnPAR Field Descriptions

Field Description

PnPARX PnPARX pin assignment register bits.

00 Pin assumes its GPIO function

01 Pin assumes its primary function

10 Pin assumes its alternate 1 function
11 Pin assumes its alternate 2 function

14.6.5.3 Pin Wired OR Register (PWOR)

The Pin Wired OR register (PWOR) is read/write and each bit resets to logic 0. Refer to Table 2-1 for
details of which PWOR bit controls which pin.
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General Purpose I/0 Module

IPSBAR Access: User read/write
Offset: 0x10_0078 (PWOR)
15 14 13 12 11 10 9 8
R
W PWOR15 PWOR14 PWOR13 PWOR12 PWOR11 PWOR10 PWOR9 PWORS8
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
W PWOR7 PWOR6 PWORS5 PWOR4 PWOR3 PWOR2 PWOR1 PWORO
Reset 0 0 0 0 0 0 0 0
Figure 14-24. Pin Wired OR Register (PWOR)
Table 14-8. PWOR Field Descriptions
Field Description
PWORnN Wired OR configuration bits.
0 Configures the selected bit for normal operation
1 Configures the selected bit for wired OR operation
14.6.5.4 Pin Drive Strength Registers

The pin drive strength registers (PDSR0 and PDSR1) are read/write, and each bit resets to logic 0 in single

chip mode (MCF52235 default) and logic 1 in EzPort and FAST mode.

IPSBAR Access: User read/write
Offset: 0x10_007A (PDSR1)
15 14 13 12 11 10 9 8
R
PDSR47 PDSR46 PDSRA45 PDSR44 PDSR43 PDSR42 PDSR41 PDSR40
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1
7 6 5 4 3 2 1 0
R
PDSR39 PDSR38 PDSR37 PDSR36 PDSR35 PDSR34 PDSR33 PDSR32
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1

1) Each bit resets to logic 0 in Single Chip mode and logic 1 in EzPort/FAST mode.
Figure 14-25. Pin Drive Strength Register 1 (PDSR1)

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

14-14

Freescale Semiconductor

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



General Purpose I/0 Module

IPSBAR Access: User read/write
Offset: 0x10_007C (PDSRO0)
31 30 29 28 27 26 25 24
\; PDSR31 PDSR30 PDSR29 PDSR28 PDSR27 PDSR26 PDSR25 PDSR24
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1
23 22 21 20 19 18 17 16
\; PDSR23 PDSR22 PDSR21 PDSR20 PDSR19 PDSR18 PDSR17 PDSR16
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1
15 14 13 12 11 10 9 8
\; PDSR15 PDSR14 PDSR13 PDSR12 PDSR11 PDSR10 PDSR9 PDSR8
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1
7 6 5 4 3 2 1 0
\; PDSR7 PDSR6 PDSR5 PDSR4 PDSR3 PDSR2 PDSR1 PDSRO
Reset See footnote 1 See footnote 1 See footnote 1 See footnote 1

1) Each bit resets to logic 0 in Single Chip mode and logic 1 in EzPort/FAST mode.
Figure 14-26. Pin Drive Strength Register 0 (PDSRO0)

Table 14-9. PDSRO and PDSR1 Field Descriptions

Field Description

PDSRn Pin drive strength register control bits.
0 Pinis configured for low drive strength (2 mA)
1 Pinis configured for high drive strength (10 mA)

14.7 Ports Interrupts

The ports module does not generate interrupt requests.
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Chapter 15
Interrupt Controller Module

This section details the functionality for the interrupt controller. The general features of the interrupt
controller include:

* Interrupt sources
— 119 fully-programmable interrupt sources (of which some are reserved)
— 7 fixed-level interrupt sources

» Each of the sources has a unique interrupt control register (ICRnx) to define the software-assigned
levels and priorities within the level

* Unique vector number for each interrupt source

» Ability to mask any individual interrupt source, plus global mask-all capability
» Supports hardware and software interrupt acknowledge cycles

*  Wake-up signal from low-power stop modes

The 50 fully-programmable and seven fixed-level interrupt sources for the interrupt controller manage the
complete set of interrupt sources from all of the modules on the device. This section describes how the
interrupt sources are mapped to the interrupt controller logic and how interrupts are serviced.

15.1 68K/ColdFire Interrupt Architecture Overview

Before continuing with the specifics of the interrupt controller, a brief review of the interrupt architecture
of the 68K/ColdFire family is appropriate.

The interrupt architecture of ColdFire is exactly the same as the M68000 family, where there is a 3-bit
encoded interrupt priority level sent from the interrupt controller to the core, providing 7 levels of interrupt
requests. Level 7 represents the highest priority interrupt level, while level 1 is the lowest priority. The
processor samples for active interrupt requests once per instruction by comparing the encoded priority
level against a 3-bit interrupt mask value (1) contained in bits 10:8 of the core’s status register (SR). If the
priority level is greater than the SR[I] field at the sample point, the processor suspends normal instruction
execution and initiates interrupt exception processing. Level 7 interrupts are treated as non-maskable and
edge-sensitive within the processor, while levels 1-6 are treated as level-sensitive and may be masked
depending on the value of the SR[I] field. For correct operation, ColdFire requires that the interrupt source,
after asserted, remains asserted until explicitly disabled by the interrupt service routine.

During the interrupt exception processing, the CPU enters supervisor mode, disables trace mode, and then
fetches an 8-bit vector from the interrupt controller. This byte-sized operand fetch is known as the interrupt
acknowledge (IACK) cycle, with the ColdFire implementation using a special encoding of the transfer
type and transfer modifier attributes to distinguish this data fetch from a normal memory access. The
fetched data provides an index into the exception vector table, which contains 256 addresses, each pointing
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Interrupt Controller Module

to the beginning of a specific exception service routine. In particular, vectors 64-255 of the exception
vector table are reserved for user interrupt service routines. The first 64 exception vectors are reserved for
the processor to manage reset, error conditions (access, address), arithmetic faults, system calls, etc. After
the interrupt vector number has been retrieved, the processor continues by creating a stack frame in
memory. For ColdFire, all exception stack frames are 2 longwords in length and contain 32 bits of vector
and status register data, along with the 32-bit program counter value of the instruction that was interrupted
(see Section 3.3.3.1, “Exception Stack Frame Definition,” for more information on the stack frame
format).

After the exception stack frame is stored in memory, the processor accesses the 32-bit pointer from the
exception vector table using the vector number as the offset, and then jumps to that address to begin
execution of the service routine. After the status register is stored in the exception stack frame, the SR[I]
mask field is set to the level of the interrupt being acknowledged, effectively masking that level and all
lower values while in the service routine.

For this device, the processing of the interrupt acknowledge cycle is fundamentally different than previous
68K/ColdFire cores. In the new approach, all IACK cycles are directly managed by the interrupt controller,
so the requesting peripheral device is not accessed during IACK. As a result, the interrupt request must be
explicitly cleared in the peripheral during the interrupt service routine. For more information, see
Section 15.1.1.3, “Interrupt Vector Determination.”

Unlike the M68000 family, all ColdFire processors guarantee that the first instruction of the service routine
is executed before sampling for interrupts is resumed. By making this initial instruction a load of the SR,
interrupts can be safely disabled if required.

During the execution of the service routine, the appropriate actions must be performed on the peripheral
to negate the interrupt request.

For more information on exception processing, perform a keyword search at
http://www.freescale.com/coldfire for “CFPRM,” then click the CFPRM: ColdFire Family Programmer’s
Reference Manual link in the list of search results.

15.1.1 Interrupt Controller Theory of Operation

To support the interrupt architecture of the 68K/ColdFire programming model, the combined 63 interrupt
sources are organized as 7 levels, with each level supporting up to 9 prioritized requests. Consider the
priority structure within a single interrupt level (from highest to lowest priority) as shown in Table 15-1.

Table 15-1. Interrupt Priority Within a Level

ICR[2:0] Priority ';‘;irrrgepst
111 7 (Highest) 8-63
110 6 8-63
101 5 8-63
100 4 8-63

— Fixed Midpoint Priority 1-7
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Table 15-1. Interrupt Priority Within a Level (continued)

ICR[2:0] Priority 'é‘;irrrgepst
011 3 8-63
010 2 8-63
001 1 8-63
000 0 (Lowest) 8-63

The level and priority is fully programmable for all sources except interrupt sources 1-7. Interrupt source
1-7 (from the edge port module) are fixed at the corresponding level’s midpoint priority. Thus, a maximum
of 8 fully-programmable interrupt sources are mapped into a single interrupt level. The fixed interrupt
source is hardwired to the given level and represents the mid-point of the priority within the level. For the
fully-programmable interrupt sources, the 3-bit level and the 3-bit priority within the level are defined in
the 8-bit interrupt control register (ICRnXx).
The operation of the interrupt controller can be broadly partitioned into three activities:

* Recognition

* Prioritization

* \ector determination during IACK

15.1.1.1 Interrupt Recognition

The interrupt controller continuously examines the request sources and the interrupt mask register to
determine if there are active requests. This is the recognition phase.

15.1.1.2 Interrupt Prioritization

As an active request is detected, it is translated into the programmed interrupt level, and the resulting 7-bit
decoded priority level (IRQ[7:1]) is driven out of the interrupt controller.

15.1.1.3 Interrupt Vector Determination

After the core has sampled for pending interrupts and begun interrupt exception processing, it generates
an interrupt acknowledge (IACK) cycle. The IACK transfer is treated as a memory-mapped byte read by
the processor and routed to the appropriate interrupt controller. Next, the interrupt controller extracts the
level being acknowledged from address bits 4:2, determines the highest priority interrupt request active
for that level, and returns the 8-bit interrupt vector for that request to complete the cycle. The 8-bit interrupt
vector is formed using the following algorithm:

For INTCO, vector_number = 64 + interrupt source number
For INTC1, vector_number = 128 + interrupt source number

Recall that vector numbers 0—63 are reserved for the ColdFire processor and its internal exceptions. Thus,
the mapping of bit positions to vector numbers is as follows:

if interrupt source 1 is active and acknowledged, then Vector number = 65
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Interrupt Controller Module

if interrupt source 2 is active and acknowledged, then Vector number = 66
if interrupt source 8 is active and acknowledged, then Vector number = 72
if interrupt source 9 is active and acknowledged, then Vector number = 73
if interrupt source 62 is active and acknowledged, then Vector number = 126

The net effect is a fixed mapping between the bit position within the source to the actual interrupt vector
number.

If there is no active interrupt source for the given level, a special spurious interrupt vector (vector
number = 24) is returned. It is the responsibility of the service routine to manage this error situation.

This protocol implies the interrupting peripheral is not accessed during the acknowledge cycle because the
interrupt controller completely services the acknowledge. This means the interrupt source must be
explicitly disabled in the interrupt service routine. This design provides unique vector capability for all
interrupt requests, regardless of the complexity of the peripheral device.

15.2 Memory Map

The register programming model for the interrupt controllers is memory-mapped to a 256-byte space. In
the following discussion, there are a number of program-visible registers greater than 32 bits. For these
control fields, the physical register is partitioned into two 32-bit values: a register high (the upper
longword, represented by an appended H) and a register low (the lower longword, represented by an
appended L).

The registers and their locations are defined in Table 15-3. The register names include the (zero-based)
interrupt controller number n, which is useful in devices with multiple controllers. This device has only
one interrupt controller; hence, n = 0.

Table 15-2. Interrupt Controller Base Addresses

Interrupt Controller Number Base Address
INTCO IPSBAR + 0xC00
INTC1 IPSBAR + 0xD00

Global IACK Registers Spacel IPSBAR + 0xFO0

1 This address space only contains the LLACK-L7IACK registers. See Section 15.3.7, “Software and Level m
IACK Registers (SWIACKn, LmIACKn)" for more information

Table 15-3. Interrupt Controller Memory Map

Address Register \a/)'sg; Access | Reset Value Sic;téc;n/
Interrupt Controller 0
0x00_0C00 Interrupt Pending Register High (IPRHO) 32 R 0x0000_0000 | 15.3.1/15-6
0x00_0C04 Interrupt Pending Register Low (IPRLO) 32 R 0x0000_0000 | 15.3.1/15-6

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor 15-4

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Interrupt Controller Module

Table 15-3. Interrupt Controller Memory Map (continued)

(n=1:7)

(GLMIACK)

Address Register \?tl)llctj;;] Access | Reset Value Sle:(;téc;n/
0x00_0C08 Interrupt Mask Register High (IMRHO) 32 R/W | OXFFFF_FFFF| 15.3.2/15-7
0x00_0cocC Interrupt Mask Register Low (IMRLO) 32 R/W | OXFFFF_FFFF | 15.3.2/15-7
0x00_0C10 Interrupt Force Register High (INTFRCHO) 32 R/W 0x0000_0000 | 15.3.3/15-8
0x00_0C14 Interrupt Force Register Low (INTFRCLO) 32 R/W 0x0000_0000 | 15.3.3/15-8
0x00_0C18 Interrupt Request Level Register (IRLRO) 8 R/W 0x00 15.3.4/15-9
0x00_0C19 Interrupt Acknowledge Level and Priority Register 8 W 0x00 15.3.5/15-9

(IACKLPRO)
0x00_0C40 + n | Interrupt Control Registers (ICROn) 8 w 0x00 15.3.6/15-10
(n=0:63)
0x00_OCEO Software Interrupt Acknowledge (SWIACKO) 8 R 0x00 15.3.7/15-11
0x00_OCEO + 4n | Level m Interrupt Acknowledge Registers (LmIACKO) 8 0x00 15.3.7/15-11
(n=1:7)
Interrupt Controller 1
0x00_0DO00 Interrupt Pending Register High (IPRH1) 32 R 0x0000_0000 | 15.3.1/15-6
0x00_0D04 Interrupt Pending Register Low (IPRL1) 32 R 0x0000_0000 | 15.3.1/15-6
0x00_0D08 Interrupt Mask Register High (IMRH1) 32 R/W | OXFFFF_FFFF | 15.3.2/15-7
0x00_0DO0C Interrupt Mask Register Low (IMRL1) 32 R/W | OXFFFF_FFFF | 15.3.2/15-7
0x00_0D10 Interrupt Force Register High (INTFRCH1) 32 R/W 0x0000_0000 | 15.3.3/15-8
0x00_0D14 Interrupt Force Register Low (INTFRCL1) 32 R/W 0x0000_0000 | 15.3.3/15-8
0x00_0D18 Interrupt Request Level Register (IRLR1) 8 R/W 0x00 15.3.4/15-9
0x00_0D19 Interrupt Acknowledge Level and Priority Register 8 W 0x00 15.3.5/15-9
(IACKLPR1)
0x00_0D40 + n | Interrupt Control Registers (ICR1n) 8 W 0x00 15.3.6/15-10
(n=0:63)
0x00_ODEO Software Interrupt Acknowledge (SWIACK1) 8 R 0x00 15.3.7/15-11
0x00_ODEO + 4n | Level m Interrupt Acknowledge Registers (LmIACK1) 8 R 0x00 15.3.7/15-11
(n=1:7)
Global IACK Registers
0x00_OFOEO + 4n | Global Level m Interrupt Acknowledge Registers 8 R 0x00 15.3.8/15-12

15.3 Register Descriptions

The interrupt controller registers are described in the following sections.
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Interrupt Controller Module

15.3.1 Interrupt Pending Registers (IPRHn, IPRLN)

The IPRHn and IPRLn registers, Figure 15-1 and Figure 15-2, each 32 bits, provide a bit map for each
interrupt request to indicate if there is an active request (1 = active request, 0 = no request) for the given
source. The state of the interrupt mask register does not affect the IPRn. The IPRn is cleared by reset. The
IPRn is a read-only register, so any attempted write to this register is ignored. Bit 0 is not implemented and
reads as a zero.

IPSBAR 0x00_0CO00 (IPRHO0) Access: User read-only

Offset: 0x00_0DO0O0 (IPRH1)

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 10
R INT[63:32]

NIEEEEEEEEEEEEEEEEEEEEEEEEEEEEEn

Reset 0 O O O/O 0 0O O|O O O O|O OO O/O OOOOOOOOOOOOOOODO

Figure 15-1. Interrupt Pending Register High (IPRHn)

Table 15-4. IPRHn Field Descriptions

Field Description
31-0 |Interrupt pending. Each bit corresponds to an interrupt source. The corresponding IMRHnN bit determines whether an
INT |interrupt condition can generate an interrupt. At every system clock, the IPRHn samples the signal generated by the

interrupting source. The corresponding IPRHn bit reflects the state of the interrupt signal even if the corresponding
IMRHnN bit is set.

0 The corresponding interrupt source does not have an interrupt pending

1 The corresponding interrupt source has an interrupt pending

IPSBAR 0x00_0CO04 (IPRLO) Access: User read-only

Offset: 0x00_0D04 (IPRL1)

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 INT[31:1] 0

NIEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Reset 0 0 0 0O/O0 0 O O0|O O OO/OOOO|OO0OO0O0OO0OOOOOCO|OO0OO

Figure 15-2. Interrupt Pending Register Low (IPRLn)

Table 15-5. IPRLn Field Descriptions

Field Description
31-1 |Interrupt Pending. Each bit corresponds to an interrupt source. The corresponding IMRLnN bit determines whether an
INT |interrupt condition can generate an interrupt. At every system clock, the IPRLn samples the signal generated by the

interrupting source. The corresponding IPRLn bit reflects the state of the interrupt signal even if the corresponding
IMRLn bit is set.

0 The corresponding interrupt source does not have an interrupt pending

1 The corresponding interrupt source has an interrupt pending

Reserved, must be cleared.
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Interrupt Controller Module

15.3.2

Interrupt Mask Registers (IMRHn, IMRLN)

The IMRHn and IMRLn registers are each 32 bits and provide a bit map for each interrupt to allow the

requesttob

e disabled (1 = disable the request, 0 = enable the request). The IMRn is set to all ones by reset,

disabling all interrupt requests. The IMRn can be read and written. A write that sets bit 0 of the IMRLn

forcesthe o

ther 63 bits to be set, disabling all interrupt sources, and providing a global mask-all capability.

IPSBAR 0x00_0CO08 (IMRHO) Access: User read/write
Offset: 0x00_0DO08 (IMRH1)

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

INT_MASK[63:32]
w

Resetl111\1111]1111\1111\1111\1111\1111]1111

Figure 15-3. Interrupt Mask Register High (IMRHn)

Table 15-6. IMRHn Field Descriptions

Field Description
31-0 Interrupt mask. Each bit corresponds to an interrupt source. The corresponding IMRHn bit determines whether an
INT_MASK | interrupt condition can generate an interrupt. The corresponding IPRHn bit reflects the state of the interrupt signal
even if the corresponding IMRHnN bit is set.
0 The corresponding interrupt source is not masked
1 The corresponding interrupt source is masked
IPSBAR 0x00_0COC (IMRLO) Access: User read/write
Offset: 0x00_0DOC (IMRL1)
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 ) MASK
W INT_MASK[31:1] ALL
Reset 1 1 1 1[1 111111 1/1111[1111/1111/1111[111 1
Figure 15-4. Interrupt Mask Register Low (IMRLn)
Table 15-7. IMRLn Field Descriptions
Field Description
31-1 Interrupt mask. Each bit corresponds to an interrupt source. The corresponding IMRLn bit determines whether an
INT_MASK | interrupt condition can generate an interrupt. The corresponding IPRLn bit reflects the state of the interrupt signal
even if the corresponding IMRLn bit is set.
0 The corresponding interrupt source is not masked
1 The corresponding interrupt source is masked
0 Mask all interrupts. Setting this bit forces the other 63 bits of the IMRHNn and IMRLn to ones, disabling all interrupt
MASKALL |sources, and providing a global mask-all capability.
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NOTE

A spurious interrupt may occur if an interrupt source is being masked in the
interrupt controller mask register (IMR) or a module’s interrupt mask
register while the interrupt mask in the status register (SR[I]) is set to a value
lower than the interrupt’s level. This is because by the time the status
register acknowledges this interrupt, the interrupt has been masked. A
spurious interrupt is generated because the CPU cannot determine the
interrupt source.

To avoid this situation for interrupts sources with levels 1-6, first write a
higher level interrupt mask to the status register, before setting the mask in
the IMR or the module’s interrupt mask register. After the mask is set, return
the interrupt mask in the status register to its previous value. Because level
7 interrupts cannot be disabled in the status register prior to masking, use of
the IMR or module interrupt mask registers to disable level 7 interrupts is
not recommended.

15.3.3 Interrupt Force Registers (INTFRCHn, INTFRCLnN)

The INTFRCHn and INTFRCLn registers, each 32 bits, provide a mechanism to allow software generation
of interrupts for each possible source for functional or debug purposes. The system design may reserve one
or more sources to allow software to self-schedule interrupts by forcing one or more of these bits (1 = force
request, O = negate request) in the appropriate INTFRCn register. The assertion of an interrupt request via
the INTFRCn register is not affected by the interrupt mask register. The INTFRCn register is cleared by
reset.

IPSBAR 0x00_0C10 (INTFRCHO) Access: User read/write
Offset: 0x00_0D10 (INTFRCH1)

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
Resetoooo\oooo\oooo\oooo\oooo\oooo\oooo\oooo

Figure 15-5. Interrupt Force Register High (INTFRCHn)

INTFRCH[63:32]

Table 15-8. INTFRCHnN Field Descriptions

Field Description

31-0 Interrupt force. Allows software generation of interrupts for each possible source for functional or debug purposes.
INTFRCH |0 No interrupt forced on corresponding interrupt source
1 Force an interrupt on the corresponding source
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IPSBAR 0x00_0C14 (INTFRCLO) Access: User read/write
Offset: 0x00_0D14 (INTFRCL1)

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 0
INTFRCL[31:1] il
w

Resetoooo\o000]000o\oooo\oooo\oooo\oooo]oooo
Figure 15-6. Interrupt Force Register Low (INTFRCLnN)

Table 15-9. INTFRCLn Field Descriptions

Field Description

31-1 |Interrupt force. Allows software generation of interrupts for each possible source for functional or debug purposes.
INTFRCL |0 No interrupt forced on corresponding interrupt source
1 Force an interrupt on the corresponding source

0 Reserved, must be cleared.

15.3.4 Interrupt Request Level Register (IRLRn)

This 7-bit register is updated each machine cycle and represents the current interrupt requests for each
interrupt level, where bit 7 corresponds to level 7, bit 6 to level 6, etc.

IPSBAR 0x00_0C18 (IRLRO) Access: Read-only
Offset: 0x00_0D18 (IRLR1)
7 6 5 4 3 2 1

R IRQ[7:1] 0

W
Reset: 0 0 0 0 0 0 0 0

Figure 15-7. Interrupt Request Level Register (IRLRn)
Table 15-10. IRLRn Field Descriptions
Field Description

7-1 |Interrupt requests. Represents the prioritized active interrupts for each level.
IRQ |0 There are no active interrupts at this level
1 There is an active interrupt at this level

0 Reserved

15.3.5 Interrupt Acknowledge Level and Priority Register (IACKLPRn)

Each time an IACK is performed, the interrupt controller responds with the vector number of the highest
priority source within the level being acknowledged. In addition to providing the vector number directly
for the byte-sized IACK read, this 8-bit register is also loaded with information about the interrupt level
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Interrupt Controller Module

and priority being acknowledged. This register provides the association between the acknowledged
physical interrupt request number and the programmed interrupt level/priority.

IPSBAR 0x00_0C19 (IACKLPRO) Access: Read-only
Offset: 0x00_0D19 (IACKLPR1)
7 6 5 4 3 2 1 0
R 0 LEVEL PRI
W
Reset: 0 0 0 0 0 0 0 0
Figure 15-8. IACK Level and Priority Register (IACKLPRnN)
Table 15-11. IACKLPRnN Field Descriptions
Field Description

7 Reserved

6-4 | Interrupt level. Represents the interrupt level of the interrupt currently being acknowledged.
LEVEL

3-0
PRI

nterrupt Priority. Represents the priority within the interrupt level of the interrupt currently being acknowledged.
Priority O

Priority 1

Priority 2

Priority 3

Priority 4

Priority 5

Priority 6

Priority 7

Mid-point priority associated with the fixed level interrupts only

o~NOO OIS WNEO

15.3.6 Interrupt Control Registers (ICRnx)

Each ICRnx, where x =1, 2,..., 63, specifies the interrupt level (1-7) and the priority within the level (0-7).
As shown in Table 15-12, all ICRnx registers can be read, but only ICRn8 through ICRNn63 can be written.
Registers ICRn1 through ICRN7 are read-only because the interrupt levels for IRQ1 through IRQ7 are
hard-coded to their respective source numbers (see Section 15.1.1, “Interrupt Controller Theory of
Operation”). The registers are described in Figure 15-9 and Table 15-13.

It is the responsibility of the software to program the ICRnx registers with unique and non-overlapping
level and priority definitions. Failure to program the ICRnx registers in this manner can result in undefined
behavior. If a specific interrupt request is completely unused, the ICRnx value can remain in its reset (and
disabled) state.

Table 15-12. ICRnx Register Accessibility

Registers Access
ICRN1 — ICRN7 Read-only
ICRN8 — ICRN63 Read / write
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IPSBAR Access: R/W (Read only for ICRn1-ICRN7)
Offsets: See Table 15-2 for register offsets (ICRnx)
5 4 ‘ 3 2 1 0
R 0 0
IL IP
w
Reset: 0 0 0 0 ‘ 0 0 0 0

Note: It is the responsibility of the software to program the ICRnx registers with unique and non-overlapping level
and priority definitions. Failure to program the ICRnx registers in this manner can result in undefined
behavior. If a specific interrupt request is completely unused, the ICRnx value can remain in its reset (and
disabled) state.

Figure 15-9. Interrupt Control Register (ICRnx)

Table 15-13. ICRnx Field Descriptions

Field Description

7-6 | Reserved, must be cleared.

5-3 |Interrupt level. Indicates the interrupt level assigned to each interrupt input.

2-0 |Interrupt priority. Indicates the interrupt priority for internal modules within the interrupt-level assignment. 0x0
IP | represents the lowest priority and 0x7 represents the highest. For the fixed level interrupt sources, the priority is fixed
at the midpoint for the level, and the IP field always reads as 0xO0.

15.3.7 Software and Level m IACK Registers (SWIACKn, LmIACKn)

The eight IACK registers can be explicitly addressed via the CPU, or implicitly addressed via a
processor-generated interrupt acknowledge cycle during exception processing. In either case, the interrupt
controller’s actions are very similar.

When a level-m IACK arrives in the interrupt controller, the controller examines all the currently-active
level m interrupt requests, determines the highest priority within the level, and then responds with the
unique vector number corresponding to that specific interrupt source. The vector number is supplied as the
data for the byte-sized IACK read cycle. In addition to providing the vector number, the interrupt controller
also loads the level and priority number for the level into the IACKLPR register, where it may be retrieved
later.

This interrupt controller design also supports the concept of a software IACK. A software IACK allows
an interrupt service routine to determine if there are other pending interrupts so that the overhead
associated with interrupt exception processing (including machine state save/restore functions) can be
minimized. In general, the software IACK is performed near the end of an interrupt service routine, and if
there are additional active interrupt sources, the current interrupt service routine (ISR) passes control to
the appropriate service routine, but without taking another interrupt exception.

When the interrupt controller receives a software IACK read, it returns the vector number associated with
the highest level, highest priority unmasked interrupt source for that interrupt controller. The IACKLPR
register is also loaded as the software IACK is performed. If there are no active sources, the interrupt
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Interrupt Controller Module

controller returns an all-zero vector as the operand. For this situation, the IACKLPR register is also
cleared.

IPSBAR See Table 15-2 for register offsets Access: read-only
Offsets: (SWIACKn, LmIACKnN)
7 6 5 4 3 2 1 0
R VECTOR
w
Reset: 0 0 0 0 0 0 0 0
Figure 15-10. Software and Level m IACK Registers (SWIACKn, LmIACKn)
Table 15-14. SWIACKn and LmIACKn Field Descriptions
Field Description

7-0 Vector number. A read from the SWIACK register returns the vector number associated with the highest level,
VECTOR | highest priority unmasked interrupt source. A read from one of the LmIACK registers returns the highest priority
unmasked interrupt source within the level.

15.3.8 Global Level m IACK Registers (GLmMIACK)

In addition to the software IACK registers (Section 15.3.7, “Software and Level m IACK Registers
(SWIACKnN, LmIACKnN)”), there are global IACK registers, GLmIACK. (There is no global SWIACK
register.) On devices with multiple interrupt controllers, a read from one of the GLmIACK registers returns
the vector for the highest priority unmasked interrupt within a level for all interrupt controllers.

IPSBAR See Table 15-2 for register offsets Access: read-only
Offsets: (GLmMIACK)
7 6 5 4 3 2 1 0
R VECTOR
w
Reset: 0 0 0 0 0 0 0 0
Figure 15-11. Global Level m IACK Registers (GLmMIACK)
Table 15-15. GSWIACK and GLmMIACK Field Descriptions
Field Description

7-0 Vector number. A read from one of the LmIACK registers returns the vector for the highest priority unmasked
VECTOR | interrupt within a level for all interrupt controllers.
As implemented on the MCF52, these registers contain the same information as LmIACK.
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15.3.8.1

Interrupt Sources

Table 15-16 lists the interrupt sources for each interrupt request line.

Table 15-16. Interrupt Source Assighment For Interrupt Controller O

Source | Module Flag Source Description Flag Clearing Mechanism
0 Not used (Reserved)
1 EPF1 Edge port flag 1 Write EPF1 = 1
2 EPF2 Edge port flag 2 Write EPF2 = 1
3 EPF3 Edge port flag 3 Write EPF3 = 1
4 EPORT EPF4 Edge port flag 4 Write EPF4 =1
5 EPF5 Edge port flag 5 Write EPF5 =1
6 EPF6 Edge port flag 6 Write EPF6 = 1
7 EPF7 |Edge portflag 7 Write EPF7 = 1
8 SCM SWTI Software watchdog timeout Cleared when service complete.
9 DONE |DMA Channel 0 transfer complete | Write DONE =1
10 DONE |DMA Channel 1 transfer complete | Write DONE = 1
11 VA DONE |DMA Channel 2 transfer complete | Write DONE =1
12 DONE |DMA Channel 3 transfer complete | Write DONE = 1
13 UARTO INT UARTO interrupt Automatically cleared
14 UART1 INT UART1 interrupt Automatically cleared
15 UART2 INT UART2 interrupt Automatically cleared
16 Not Used (Reserved)
17 1°C IIF 12C interrupt Write IIF = 0
18 QSPI INT QSPI interrupt Write 1 to appropriate QIR bit
19 DTIMO INT DTIMO interrupt Write 1 to appropriate DTERO bit
20 DTIM1 INT DTIM1 interrupt Write 1 to appropriate DTER1 bit
21 DTIM2 INT DTIMZ2 interrupt Write 1 to appropriate DTER2 bit
22 DTIM3 INT DTIM3 interrupt Write 1 to appropriate DTERS3 bit
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Table 15-16. Interrupt Source Assignment For Interrupt Controller O (continued)

Source | Module Flag Source Description Flag Clearing Mechanism
23 X_INTF | Transmit frame interrupt Write X_INTF =1
24 X_INTB | Transmit buffer interrupt Write X_INTB =1
25 UN Transmit FIFO underrun Write UN =1
26 RL Collision retry limit Write RL = 1
27 R_INTF |Receive frame interrupt Write R_INTF =1
28 RINTB | Receive buffer interrupt Write R_INTB =1
29 FEC Mil Mil interrupt Write MIl =1
30 LC Late Collision Write LC =1
31 HBERR | Heartbeat error Write HBERR = 1
32 GRA Graceful stop complete Write GRA =1
33 EBERR | Ethernet bus error Write EBERR = 1
34 BABT Babbling transmit error Write BABT =1
35 BABR | Babbling receive error Write BABR =1
36 EPHY EPHY EPHY interrupt Write EPHYIF =1
37 Not Used
38 Not Used
39 Not Used
40 Not Used
41 TOF Timer overflow Write TOF =1 or access TIMCNTH/L if TFFCA =1
42 PAIF Pulse accumulator input Write PAIF = 1 or access PAC if TFFCA =1
43 PAOVF | Pulse accumulator overflow Write PAOVF = 1 or access PAC if TFFCA = 1
44 GPT COF Timer channel O Write COF = 1 or access IC/OC if TFFCA =1
45 Ci1F Timer channel 1 Write 1 to C1F or access IC/OC if TFFCA =1
46 C2F Timer channel 2 Write 1 to C2F or access IC/OC if TFFCA =1
47 C3F Timer channel 3 Write 1 to C3F or access IC/OC if TFFCA =1
48 PMM LVDF LVD Write LVDF =1
49 ADCA | ADCA conversion complete Write 1 to EOSIO
50 ADC ADCB | ADCB conversion complete Write 1 to EOSI1
51 ADCINT | ADC Interrupt Write 1 to ZCl, LLMTI and HLMTI
52 PWM PWM PWM Interrupt Write PWMIF = 1
53 RNGA RNGA | RNGA Interrupt Clears after one cycle of module reset
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Interrupt Controller Module

Table 15-16. Interrupt Source Assignment For Interrupt Controller O (continued)

Source | Module Flag Source Description Flag Clearing Mechanism
54 Not used (Reserved)
55 PITO PIF PIT interrupt flag Write PIF = 1 or write PMR
56 PIT1 PIF PIT interrupt flag Write PIF = 1 or write PMR
57 Not Used (Reserved)
58 Not Used (Reserved)
59 CBEIF | SGFM buffer empty Write CBEIF = 1
60 CCIF SGFM command complete Cleared automatically
61 e PVIF Protection violation Cleared automatically
62 AEIF Access error Cleared automatically
63 RTC RTC RTC Interrupt Write 1 to appropriate bit.
Table 15-17. Interrupt Source Assignment For Interrupt Controller 1
Source | Module Flag Source Description Flag Clearing Mechanism
0-7 Not Used (Reserved)
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Interrupt Controller Module

Table 15-17. Interrupt Source Assignment For Interrupt Controller 1 (continued)

Source | Module Flag Source Description Flag Clearing Mechanism
8 BUFOI | Message Buffer O Interrupt Write 1 to BUFOI after reading as 1
9 BUF1l |Message Buffer 1 Interrupt Write 1 to BUF1I after reading as 1
10 BUF2l | Message Buffer 2 Interrupt Write 1 to BUF2I after reading as 1
11 BUF3I | Message Buffer 3 Interrupt Write 1 to BUF3I after reading as 1
12 BUF4l | Message Buffer 4 Interrupt Write 1 to BUF4I after reading as 1
13 BUF5I | Message Buffer 5 Interrupt Write 1 to BUF5I after reading as 1
14 BUF6l | Message Buffer 6 Interrupt Write 1 to BUF6I after reading as 1
15 BUF71 | Message Buffer 7 Interrupt Write 1 to BUF7I after reading as 1
16 BUF8I | Message Buffer 8 Interrupt Write 1 to BUF8I after reading as 1

FLEXCAN
17 BUF9I | Message Buffer 9 Interrupt Write 1 to BUF9I after reading as 1
18 BUF10l |Message Buffer 10 Interrupt Write 1 to BUF10I after reading as 1
19 BUF11l |Message Buffer 11 Interrupt Write 1 to BUF11] after reading as 1
20 BUF12l |Message Buffer 12 Interrupt Write 1 to BUF12I after reading as 1
21 BUF13I | Message Buffer 13 Interrupt Write 1 to BUF13I after reading as 1
22 BUF14l |Message Buffer 14 Interrupt Write 1 to BUF14l after reading as 1
23 BUF151 |Message Buffer 15 Interrupt Write 1 to BUF15I after reading as 1
24 ERR_INT | Error Interrupt Read reported error bits in ESR or write 0 to ERR_INT
25 BOFF_INT | Bus-Off Interrupt Write O to BOFF_INT
26-31 Not Used
32 EPFO Edge port flag 0 Write EPFO = 1
33 EPF1 Edge port flag 1 Write EPF1 =1
34 EPF2 Edge port flag 2 Write EPF2 = 1
35 EPF3 Edge port flag 3 Write EPF3 =1
EPORT
36 EPF4 Edge port flag 4 Write EPF4 =1
37 EPF5 Edge port flag 5 Write EPF5 =1
38 EPF6 Edge port flag 6 Write EPF6 = 1
39 EPF7 Edge port flag 7 Write EPF7 = 1
40-63 Not Used
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Interrupt Controller Module

15.4 Low-Power Wakeup Operation

The system control module (SCM) contains an 8-bit low-power interrupt control register (LPICR) used
explicitly for controlling the low-power stop mode. This register must explicitly be programmed by
software to enter low-power mode.

The interrupt controller provides a special combinatorial logic path to provide a special wake-up signal to
exit from the low-power stop mode. This special mode of operation works as follows:

1. LPICR[6:4] is loaded with the specified mask level while the core is in stop mode. LPICR[7] must
be set to enable this mode of operation.

NOTE

The wakeup mask level taken from LPICR[6:4] is adjusted by hardware to
allow a level 7 IRQ to generate a wakeup. That is, the wakeup mask value
used by the interrupt controller must be in the range of 0-6.

2. The processor executes a STOP instruction which places it in stop mode. After the processor is
stopped, each interrupt controller enables a special logic path that evaluates the incoming interrupt
sources in a purely combinatorial path; that is, there are no clocked storage elements. If an active
interrupt request is asserted and the resulting interrupt level is greater than the mask value
contained in LPICR[6:4], then the interrupt controller asserts the wake-up output signal, which is
routed to the SCM and PLL module to re-enable the device’s clock trees and resume processing.

MCF52235 ColdFire® Integrated Microcontroller Reference Manual, Rev. 6

15-17 Freescale Semiconductor

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to September 2010:MCF52234CVM60, MCF52235CVM60



Chapter 16

Edge Port Modules (EPORTN)

16.1 Introduction

Although this device has two edge port modules, the description included herein treats each module as a
single entity. Pay particular attention to the note below, as the two modules are not completely identical.
Specifically, edge port module 0 has seven interrupt inputs while module 1 contains eight.

The edge port module (EPORT) has up to eight interrupt pins, IRQ7 — IRQO. Each pin can be configured
individually as a level-sensitive interrupt pin, an edge-detecting interrupt pin (rising edge, falling edge, or

both), or a general-purpose input/output (1/0) pin.
NOTE

Not all EPORT signals may be output from the device. See Chapter 2,

“Signal Descriptions,” to determine which signals are available.
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Figure 16-1. EPORT Block Diagram
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Edge Port Modules (EPORTN)

NOTE

The GP1O module must be configured to enable the peripheral function of
the appropriate pins (refer to Chapter 14, “General Purpose 1/0 Module™)
prior to configuring the edge-port module.

16.2 Low-Power Mode Operation

This section describes the operation of the EPORT module in low-power modes. For more information on
low-power modes, see Chapter 9, “Power Management”. Table 16-1 shows EPORT-module operation in
low-power modes and describes how this module may exit each mode.

NOTE

The low-power control register (LPCR) in the system control module
specifies the interrupt level at or above what is needed to bring the device
out of a low-power mode.

Table 16-1. Edge Port Module Operation in Low-Power Modes

Low-power Mode EPORT Operation Mode Exit
Wait Normal Any IRQn interrupt at or above level in LPCR
Doze Normal Any IRQn interrupt at or above level in LPCR
Stop Level-sensing only Any IRQn interrupt set for level-sensing at or
above level in LPCR. See note below.

In wait and doze modes, the EPORT module continues to operate as it does in run mode. It may be
configured to exit the low-power modes by generating an interrupt request on a selected edge or a low level
on an external pin. In stop mode, no clocks are available to perform the edge-detect function. Only the
level-detect logic is active (if configured) to allow any low level on the external interrupt pin to generate
an interrupt (if enabled) to exit stop mode.

NOTE

In stop mode, the input pin synchronizer is bypassed for the level-detect
logic because no clocks are available.

16.3 Signal Descriptions

All EPORT pins default to general-purpose input pins at reset. The pin value is synchronized to the rising
edge of CLKOUT when read from the EPORT pin data register (EPPDR). The values used in the
edge/level detect logic are also synchronized to the rising edge of CLKOUT. These pins use
Schmitt-triggered input buffers with built-in hysteresis designed to decrease the probability of generating
false, edge-triggered interrupts for slow rising and falling input signals.

When a pin is configured as an output, it is driven to a state whose level is determined by the corresponding
bit in the EPORT data register (EPDR). All bits in the EPDR are set at reset.
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Edge Port Modules (EPORTnN)

16.4 Memory Map/Register Definition

This subsection describes the memory map and register structure. Refer to Table 16-2 for a description of

the EPORT memory map.

Table 16-2. Edge Port Module Memory Map

IPSBAR . Width .
Offset Register (b