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About This Book

This user’'s manual describes the features and operation of the MC68VZ328 (DragonBall™ VZ)
microprocessor, the third generation of the DragornBallly of products. It provides the details of how to
initialize, configure, and program the MC68VZ328. The manual presumes basic knowledge of 68000
architecture.

Audience

The MC68VZ328 user’s manual is intended to provide a design engineer with the necessary data to
successfully integrate the MC68VZ328 into a wide variety of applications. It is assumed that the reader has
a good working knowledge of the 68000 CPU. For programming information about the 68000, see the
documents listed in the Suggested Reading section of this preface.

Organization

The MC68VZ328 user’'s manual is organized into 20 chapters that cover the operation and programming of
the DragonBall VZ device. Summaries of the chapters follow.

Chapter 1 Introduction: This chapter contains a device overview, system block diagrams,
and an operational overview of 68000 CPU operation.
Chapter 2 Signal Descriptions: This chapter contains listings of the MC68VZ328 input and

output signals;-arganized into functional groups.

Chapter 3 Memory Map: This chapter summarizes the memory organization,
programming-information, and registers’ addresses and reset values.

Chapter 4 Clock Generation Moduleand Power Control M odule: This chapter provides
detailed information about the operation and programming of the clock
generation module as well as the recommended circuit schematics for external
clock circuits. It also describes and provides programming information about the
operation of the power control module and the system power states.

Chapter 5 System Control: This chapter describes the operation of and programming
madels for the system control, peripheral control, ID, and I/O drive control
registers.

Chapter 6 Chip-Select Logic: This chapter describes the operation and programming of the

chip-select logic. It includes information related to the operation of the DRAM
controller and other memory-related applications.

Chapter 7 DRAM Controller: The operation and programming of the DRAM controller is
described in this chapter. This module provides a glueless interface to 8-bit or
16-bit DRAM supporting EDO RAM, Fast Page Mode, and synchronous DRAM.

Chapter 8 LCD Controller: This chapter describes the operation and programming of the
LCD controller, which provides display data for external LCD drivers or for an
LCD panel.
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Interrupt Controller: This chapter provides a description and operational
considerations for interrupt controller operation. It includes a description of the
vector generator and pen and keyboard interrupts.

I/O Ports: This chapter coversall 76 GPIO lines found in the MC68VZ328.
Because each pinisindividually configurable, a detailed description of the
operation of and programming information for each pinis provided.

Real-Time Clock: This chapter describes the operation of the real-time clock
(RTC) module, whichiscomposed of aprescaler, time-of-day (TOD) clock, TOD
alarm, programmabl e real-time interrupt, watchdog timer, and minute stopwatch
aswell as control registers and bus interface hardware.

General-Purpose Timers: This chapter describes the two 16-bit timersthat can
be used as both watchdogs and alarms: It ‘al so describes how the timers can be
combined into a single 32-bit timer.

Serial Peripheral Interface 1 and/2:This chapter describes the features of the
DragonBall VZ's two serial peripheral interfaces and how they are used to
communicate with external devices.

Univer sal Asynchronous Receiver/Transmitter 1 and 2: The two universal
asynchronous receiver/transmitter (UART) ports allow the incorporation of serial
communication in existing and new designs. This section describes how data is
transported in character blocks using the standard “start-stop” format. It also
discusses how to configure and program the UART modules.

Pulse-Width Modulator-1 and 2: This chapter describes both pulse-width
modulators. Programming information is also provided.

In-Circuit Emulation: This chapter describes the in-circuit emulation (ICE)
module and how it'is.used to support low-cost emulator designs for the
MC68VZ328 microprocessor.

Bootstrap Mode. The operation of bootstrap models is described in detail in this
chapter. This chapter describes programming information necessary to allow a
system to initialize a target system and download a program or data to the target
system’s RAM-using the UART 1 or UART 2 controller.

Application,Guide: This chapter contains information that will assist during the
integration of the MC68VZ328 into an existing or a new design. It includes a
design checklist and instructions for using the MC68VZ328 Application
Development System (ADS) board to get started with the design process.

Electrical Characteristics: This chapter describes the electrical characteristics
of the MC68VZ328 integrated processor.

Mechanical Data and Ordering Information: This chapter provides
mechanical data, including illustrations, and ordering information.

MC68VZ328 User's Manual

For More Information On This Product,
Go to: www.freescale.com

@ MOTOROLA



Freescale Semiconductor, Inc.

Suggested Reading

The following documents are required for a complete description of the MC68V 2328 and are hecessary to
design properly with the part. Especially for those not familiar with the 68000°CPU, the following
documents will be helpful when used in conjunction with this manual.

M68000 Family Programmer’s Reference Man{oatler number M68000PM/AD)
M68000 User’'s Manudglorder number M68000UM/D)

M68000 User’'s Manual Addendujorder number M68000OUMAD/AD)
MC68EZ328 User’'s Manudbrder number MC68EZ328UM/D)

MC68EZ328 User’s Manual Addendorder number MC68EZ328UMA/D)
MC68VZ328 Product Brigbrder number MC68V Z328P/D)

The manuals may be found at the M otorola Web site at http://www.M otorola.com/DragonBall. These
documents may be downloaded from the Web site, or a printed version may be obtained from alocal sales
office. The Web site also may have useful application notes.

Conventions

This user’'s manual uses the following conventions:
« OVERBARIs used to indicate a signal thatis active when pulled low: for example, RESET
* Logiclevel oneis a voltage that corresponds to Boolean true (1) state.
* Logiclevel zerois a voltage that corresponds to Boolean false (0) state.
» Toset a bit or bits means to establish.logic level one.
* Toclear a bit or bits means to establish logic level zero.
« A signal is an electronic construct whose state conveys or changes in state convey information.
e Apinis an external physical connection. The same pin can be used to connect a number of signals.
» Asserted means that a discrete signal is in active logic state.
— Activelow signals change from logic level one to logic level zero.
— Active high signals change from logic level zero to logic level one.
* Negated means that an asserted discrete signal changes logic state.
— Activelow signals change from logic level zero to logic level one.
— Active high signals change from logic level one to logic level zero.

* LSB meandeast significant bit or bits, and MSB meansost significant bit or bits. References to
low and high bytes or words are spelled out.

* Numbers preceded by a percent sign (%) are binary. Numbers preceded by a dollar si@xr ($) or
are hexadecimal.
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Definitions, Acronyms, and Abbreviations

The following list defines the acronyms and abbreviations used in this document.

BCD
CGM
DRAM
FIFO

ICE

MAP
MAPBGA
MIPS
PWM
RTC

SIM

SPI
SRAM
TQFP
UART
XTAL

XXX

binary coded decimal

clock generation module
dynamic RAM

firstin first out

in-circuit emulation

mold array process

mold array process ball grid array
million instructions per second
pulse-width modulator

real-time clock

system integration module

serial peripheral interface

static RAM

thin quad flat pack

universal asynchronous receiver/transmitter
crysta
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Chapter 1
Introduction

This chapter describes the overall system architecture of the MC68VZ328 (DragonBall™ VZ) integrated
processor. It provides an overview of the 68000 CPU and the operational blocks of the MC68VZ328 at a
system level.

The MC68VZ328 builds on the success of the earlier DragonBall processors and features a synthesizable
68000 core that utilizes an advanced process technology. Thus, the DragonBall VZ can provide system
designers with more performance—the capability of running at higher speed while achieving lower power
consumption using a true static core. Additionally, the.new DragonBall VZ integrates the logic needed to
support color LCD panels on-chip. The DragonBall:VZ is the integrated processor of choice for some of
the most popular PDA designs, and it can be used in a wide variety of other applications including exercise
monitors, games, smart toys, depth finders, navigation systems, and smart phones.

All these features combine to make the MC68VZ328 microprocessor attractive to many system designers.
Its functionality and glue logic are all optimally-connected and timed with the same clock. Also, only the
essential signals are brought out to the pins; allowing the MC68VZ328'’s primary packages (TQFP and
MAPBGA) to occupy the smallest possible footprint on the circuit board.

To improve total system throughput and reduce component count, board size, and the cost of system
implementation, the MC68VZ328 combines a powerful FLX68000 processor with intelligent peripheral
modules and typical system interface logic. The architecture of the MC68VZ328, shown in Figure 1-1 on
page 1-2, consists of the following blocks:

» FLX68000 CPU

» Chip-select logic and 8-/16-bit'bus interface

» Clock generation module/(CGM) and power control

* Interrupt controller

e 76 GPIO lines grouped.into 10 ports

e Two pulse-width modulators (PWM 1 and PWM 2)

e Two general-purpose timers

« Two serial peripheral interfaces (SPI 1 and SPI 2)

¢« Two UARTs (UART 1 and UART 2) and infrared communication support
e LCD controller

* Real-time clock

* DRAM controller that supports EDO RAM, Fast Page Mode, and SDRAM
* In-circuit.emulation module

* Bootstrap mode

(M) moTroroLa Introduction 1-1
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CGM & Real-Time In-Circuit
Power Clock Emulation
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Interrupt Memory Bootstrap
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8/16-Bit 68000
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Figure 1-1. MC68VZ328 Block Diagram

1.1 Features of the-MC68VZ328

The features of the DragonBall V Z‘include the following:

1-2

Static FLX68000 CPU—identical to the MC68ECO000 microprocessor

— Full compatibility with MC68000 and MC68EC000

— 32-bit internal address bus

— Static design that/allows processor clock to be stopped to provide power savings

— 5.4 MIPS performance at 33 MHz processor clock

— External M68000 bus interface with selectable bus sizing for 8-bit and 16-bit data ports

System integration module (SIM) that incorporates many functions typically related to external
array logic, reducing parts counts in design, with functions that include the following:

— System configuration and programmable address mapping

— Glueless interface to SRAM, DRAM, SDRAM, EPROM, and flash memory
— Eight. programmable chip-selects with wait-state generation logic

— Four programmable interrupt 1/Os, with keyboard interrupt capability
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— Five general-purpose, programmable edge/level/polarity interrupt IRQs
— Other programmable I/O, multiplexed with peripheral functions of up to 76 GPIO lines
— Programmable interrupt vector response for on-chip peripheral modules
— Low-power mode control
 DRAM controller
— Support for CASbefore-RASrefresh cycles and self-refresh mode DRAM
— Support for 8-bit and 16-bit port DRAM and synchronous DRAM
— EDO RAM or automatic Fast Page Mode for LCD access
— Programmable refresh rate
— Support for up to two banks of DRAM and EDO.RAM
— Programmable column address size
e 76 GPIO lines grouped into 10 ports
* Two UART ports
« Two serial peripheral interface (SPI) ports
« Two 16-bit general-purpose counters/timers
— Automatic interrupt generation
— 30 ns resolution at 33 MHz system clock
— Timer input/output pin
* Real-time clock/sampling timer
— Separate power supply for the RTC
— One programmable alarm
— Capability of counting up to'5612 days

— Sampling timer with selectable frequency (4 Hz, 8 Hz, 16 Hz, 32 Hz, 64 Hz, 256 Hz, 512 Hz,
1 kHz)

— Interrupt generation for digitizer sampling or keyboard debouncing
e LCD controller

— Software-programmable screen size (up to%$4022) to support single (nonsplit) monochrome
and color STN panels

— Capability of directly driving popular LCD drivers and modules from Motorola, Sharp, Hitachi,
Toshiba, and numerous other manufacturers

— Support for up'to.16 gray levels out of a palette of 16 density levels
— Utilization of/system memory as display memory
— LCD contrast control using 8-bit PWM
e Two pulse-width - modulator (PWM) modules
— Audio effects support
— 16- and.8-bit resolution
— b5-byte'FIFO that provides more flexibility on performance
— Sound and melody generation
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*  Built-in emulation function
— Dedicated memory space for emulator debug monitor with chip-select
— Dedicated interrupt (interrupt level 7) for in-circuit emulation.(ICE)

— One address-signal comparator and one control-signal comparator, with masking to support
single or multiple hardware execution

— Breakpoint
— One breakpoint instruction insertion unit
« Bootstrap mode function

— Capability to initialize system and download programs and data to system memory through
UART

— Acceptance of execution command to run program stored in system memory
— 8-byte-long instruction buffer for 68000 instruction storage and execution

* Power management
— Fully static HCMOS technology

— Programmable clock synthesizer using 32:768 kHz or 38.4 kHz external crystal for full
frequency control

— Low-power stop capabilities

— Modules that can be individually shut-down

— Operation from DC to 33 MHz (processor clock)

— Operating voltage of 2.7 Vto 3.3V

— Compact 144-lead thin quad flat' pack (TQFP) and MAPBGA

1.2 CPU

The FLX68000 CPU in the MC68VZ328 is an updated implementation of the 68000 32-bit microprocessor
architecture. The main features of the CPU are the following:

e Low-power, fully static HCMOS implementation

e 32-bit address bus and 16-bit data bus

e Sixteen 32-bit data and address registers

« 56 powerful instruction‘types that support high-level development languages
e 14 addressing modes and 5 main data types

* Seven priority levels for interrupt control

The CPU is completely code compatible with other members of the M68000 families, which means it has
access to a broad base of established real-time kernels, operating systems, languages, applications, and
development tools.
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1.2.1 CPU Programming Model

The CPU has 32-hit registers and a 32-bit program counter, which are shown in Figure 1-2. Thefirst eight

registers (D7-D0) are data registers that are used for byte (8-bit), word-(16-bit), and long-word (32-bit)
operations. When being used to manipulate data, the data registers affect the status register (SR). The next
seven registers (A6—A0) and the user stack pointer (USP) can function as software stack pointers and base
address registers. These registers can be used for word and long-waord operations, but they do not affect the
status register. The D7-D0 and A6—AO registers can be used as index registers.

31 1615 8 7 0

DO
D1
D2
D3
D4
D5
D6
D7

Data Registers

31 1615 0

A0
Al
A2
A3 Address Registers
A4
A5
A6

31 16 ‘15 0
| \ | A7 (USP) User Stack Pointer

31 0
| | PC Program Counter

7 0

|:| SR Status Register

Figure 1-2." User Programming Model

In supervisor mode, the upper byte of the status register and the supervisor stack pointer (SSP) can also be
programmed, as shown in Figure‘1-3.

31 16 15 0
| E | A7 (SSP) Supervisor Stack
Pointer
15 8 7 0
| | | SR Status Register

Figure 1-3. Supervisor Programming Model Supplement

The status register contains the interrupt mask with seven available levels, as well as an extend (X),
negative (N), zero (2), overflow (V), and carry (C) condition code. The T bit indicates when the processor
is in trace mode, and the S bit indicates when it is in supervisor or user mode.
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1.2.2 Data and Address Mode Types

The CPU supports five types of dataand six main types of address modes. The five types of data are bits,
binary-coded decimal (BCD) digits, bytes, words, and long words. The six types of address modes are
shown in Table 1-1.

Table 1-1. Address Modes

Address Mode Syntax

Register direct address
« Data register direct Dn
« Address register direct An

Absolute data address
* Absolute short XXX.W
* Absolute long XXX.L

Program counter relative address
* Relative with offset d,g(PC)
« Relative with index offset dg(PC, Xn)

Register indirect address

* Register indirect (An)

» Postincrement register indirect (An)+

« Predecrement register indirect —(An)

» Register indirect with offset dyg(An)
* Indexed register indirect with offset dg(An, Xn)

Immediate data address

e Immediate H#XXX

e Quick immediate #1-#8
Implied address

e Implied register SR/USP/SP/PC
Note:

Dn = Data register

An = Address register

Xn = Address or data register used as index register
SR = Status register

PC = Program counter

SP = Stack pointer.

USP = User stack pointer

() = Effective address

dg = 8-bit offset-(displacement)
dq1g = 16-bit offset (displacement)
#xxx = Immediate data

1.2.3 FLX68000 Instruction Set

The FLX 68000 CPU:-instruction set supports high-level languages that facilitate programming. Almost
every instruction operates on bytes, words, and long words, and most of them can use any of the 14 address
modes. Combining.instruction types, datatypes, and address modes provides access to over 1,000 possible
instructions. Theseinstructions, shown in Table 1-2 on page 1-7, include signed and unsigned multiply and
divide, quick arithmetic operations, binary-coded decimal (BCD) arithmetic, and expanded operations
(through traps).
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Table 1-2. Instruction Set

Mnemonic Description Mnemonic Description
ABCD Add decimal with extend MOVEM Move multiple registers
ADD Add MOVEP Move peripheral data
ADDA Add address MOVEQ Move quick
ADDQ Add quick MOVE from'SR | Move from status register
ADDI Add immediate MOVE to SR Move to status register
ADDX Add with extend MOVEto CCR | Move to condition codes
AND Logical AND MOVE USP Move user stack pointer
ANDI AND immediate MULS Signed multiply
ANDI to CCR | AND immediate to condition codes MULU Unsigned multiply
ANDI to SR AND immediate to status register NBCD Negate decimal with extend
ASL Arithmetic shift left NEG Negate
ASR Arithmetic shift right NEGX Negate with extend
Bcc Branch conditionally NOP No operation
BCHG Bit test and change NOT One’s-complement
BCLR Bit test and clear OR Logical OR
BRA Branch always ORI OR immediate
BSET Bit test and set ORI to CCR OR immediate to condition codes
BSR Branch to subroutine ORI to SR OR immediate to status register
BTST Bit test PEA Push effective address
CHK Check register against bounds RESET Reset external devices
CLR Clear operand ROL Rotate left without extend
CMP Compare ROR Rotate right without extend
CMPA Compare address ROXL Rotate left with extend
CMPM Compare memory ROXR Rotate right with extend
CMPI Compare immediate RTE Return from exception
DBcc Test conditionally, decrement, and branch RTR Return and restore
DIVS Signed divide RTS Return from subroutine
DIVU Unsigned divide SBCD Subtract decimal with extend
EOR Exclusive OR Scc Set conditional
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Table 1-2. Instruction Set (Continued)

Mnemonic Description Mnemonic Description
EORI Exclusive OR immediate STOP Stop
EORIto CCR | Exclusive OR immediate to condition codes | SUB Subtract
EORI to SR Exclusive OR immediate to status register SUBA Subtract address
EXG Exchange registers SUBI Subtract immediate
EXT Sign extend SUBQ Subtract quick
JMP Jump SUBX Subtract with extend
JSR Jump to subroutine SWAP Swap data register halves
LEA Load effective address TAS Test and set operand
LINK Link stack TRAP Trap
LSL Logical shift left TRAPV Trap on overflow
LSR Logical shift right TST Test
MOVE Move UNLK Unlink
MOVEA Move address

1.3 Modules of the MC68VZ328

In addition to the powerful 68000 processor, the DragonBall VZ contains a wide variety of peripheral
interface and control modules. The following subsections provide brief descriptions of these modules and
how they operate.

1.3.1 Memory Controller

The memory controller providesagluelessinterface to most memory chips on the market. It supports flash,
ROM, SRAM, different DRAM types (EDO RAM and Fast Page Mode), and synchronous DRAM. Either
one or two banks of DRAM may-be used, and each bank can be a maximum of 32 Mbyte. For a more
complete explanation of how memory is configured and controlled, see Chapter 3, “Memory Map.”

1.3.2 Clock Generation Module and Power Control Module

The module containing the clock synthesizer operates with either an external crystal or an external
oscillator to provide a stable clock source for the internal clock generation module (CGM). The output
frequency can be adjusted by writing to the CGM frequency select register. The CGM can be disabled to
shut down the system clock divider chain for maximum power saving, while the real-time clock (RTC) and
DRAM controller remain active. The power control module can be configured to control the CPU cycles to
optimize power consumption. The power control module offers three power-saving modes: normal, doze,
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and sleep. When in sleep mode, the CGM wakes up automatically when any unmasked external or internal
interrupt occurs. See Chapter 4, “Clock Generation Module and Power Control Module,” for more detailed
information.

1.3.3 System Control

The primary function of the system control module is to provide configuration control of several other
modules in the DragonBall VZ. These registers grant permission for access to many of the internal
peripheral registers. In addition, the module controls address space of the internal peripheral registers and
the bus time-out control and status (bus error generator). System control also is used to program the drive
current of the GPIO lines. See Chapter 5, “System Control,” for more information.

1.3.4 Chip-Select Logic

The MC68VZ328 provides eight programmable general-purpose chip-select signals to allow the selection
of a wide variety of memory or external peripherals. Each chip-select signal provides a write-protect
option, internal and external DTACK generation, and-8-bit and 16-bit data port size selection. For more
detailed information about using the chip-select logic, see Chapter 6, “Chip-Select Logic.”

1.3.5 DRAM Controller

The DRAM controller provides a glueless interface for either 8-bit or 16-bit DRAM. It supports EDO
RAM, Fast Page Mode, and synchronous DRAM. The DRAM controller provides row address strobe
(RAS) and column address strobe (OA8&ynals for up to a maximum of two banks of DRAM. In addition
to controlling DRAM, the DRAM controller ‘'supports access for LCD controller burst accesses. See
Chapter 7, “DRAM Controller,” for more information about this module.

1.3.6 LCD Controller

The LCD controller provides display data for external LCD drivers or for an LCD panel. The LCD
controller fetches display data directly from system memory through periodic DMA transfer cycles. For
this reason, an understanding of the' DRAM controller is recommended. For more information, please refer
to Chapter 7, “DRAM Controller,” as well as Chapter 8, “LCD Controller.”

1.3.7 Interrupt Controller

The interrupt controller prioritizes internal and external interrupt requests and generates a vector number
during the CPU interrupt-acknowledge cycle. Interrupt nesting is also provided so that an interrupt service
routine of a lower-priority-interrupt may be suspended by a higher-priority interrupt request. The on-chip
interrupt controller features prioritized interrupts, a fully nested interrupt environment, programmable
vector generation, and.unique vector number generation for each interrupt level. For additional information
about this module, see-Chapter 9, “Interrupt Controller.”
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1.3.8 General-Purpose I/O (GPIO) Lines

The MC68V 2328 supports a maximum of 76 GPIO lines grouped together in ports A-G, J, K, and M.

These ports can be configured as GPIO pins or dedicated peripheral interface pins. Each pin can be
independently programmed as a GPIO pin even when other pins related to that on-chip peripheral are used
as dedicated pins. For detailed information about programming these-GPIO lines, see Chapter 10, “I/O
Ports.”

1.3.9 Real-Time Clock

A real-time clock provides the time of day with 1-second resolution. Using an external crystal (either
32.768 kHz or 38.4 kHz) as a clock source, it keeps time as/long as power is applied to the chip, even when
it is in sleep or doze mode. The watchdog clock timer protects against system failures by providing a way
of escape from unexpected input conditions, external events, or programming errors. Once started, this
timer must be cleared by software on a regular basis so'that it never reaches its time-out value. When it
does reach its time-out value, the watchdog timer assumes that a system failure has occurred and the
software watchdog logic resets or interrupts the CPU. For detailed information about configuring and
programming this module, refer to Chapter 11, “Real-Time Clock.”

1.3.10 General-Purpose Timer

The MC68VZ328 has two 16-bit timers that can.be used in various modes to capture the timer value with
an external event, to trigger an external event or interrupt when the timer reaches a set value, or to count
external events. Each timer has an 8-bit prescaler to allow a programmable clock input frequency to be
derived from the system clock. The two timers'can also be cascaded together as one 32-bit timer. This
module is described in detail in Chapter 12, “General-Purpose Timers.”

1.3.11 Serial Peripheral Interfaces (SPI)

The MC68VZ328 contains two serial peripheral interface (SPI) modules, SPI 1 and SPI 2. The serial
peripheral interfaces are mainly used for controlling external peripherals. The passed data is synchronized
with the SPI clock, and it is transmitted and received with the same SPI clock. One SPI module (SPI 2)
only operates in master mode, which initiates SPI transfers from the MC68VZ328 to the peripheral. The
other SPI (SPI 1) may be configured as either master or slave. Chapter 13, “Serial Peripheral Interface 1
and 2,” provides detailed information about the configuration and operation of the SPIs.

1.3.12 Universal Asynchronous Receiver/Transmitter (UART)
Modules

The two UART ports in'the MC68VZ328 may be used to communicate with external serial devices.
UART 1 is identical to'the UART in the DragonBall EZ processor, while UART 2 represents an enhanced
version of UART 1. One of the enhancements to the UART 2 design consists of an enlarged RxFIFO and
TXFIFO to reduce the number of software interrupts. An improvement to both UARTS is the system clock
input frequency, which is 33.16 MHz, doubling the 16.58 MHz frequency of the MC68EZ328. For a

33.16 MHz system clock, software written for the MC68EZ328 version of the chip is not compatible
unless the divider-and prescaler are adjusted to compensate for the increased clock speed. For more
information about the programming and configuration of these two modules, see Chapter 14, “Universal
Asynchronous Receiver/Transmitter 1 and 2.”
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1.3.13 Pulse-Width Modulators (PWM)

The MC68VZ328 has two pulse-width modulators (PWMs). Each of the pul se-width modulators has three

modes of operation—playback, tone, and digital-to-analog (D/A) conversion. Using these three modes, the
PWM can be used to play back high-quality digital sounds, produce simple tones, or convert digital data
into analog waveforms. The 8-bit PWM contains a 5-byte FIFO that'enhances the system performance by
reducing the number of interrupts to the CPU. The 16-bit PWM provides higher resolution for better sound
quality. Users can enable both PWMs at the same time to generate a mixed PWMO signal. See Chapter 15,
“Pulse-Width Modulator 1 and 2,” for more detailed information about the configuration and operation of
these devices.

1.3.14 In-Circuit Emulation Module

The in-circuit emulation module is designed for low-cost emulator development purposes. System memory
space, which is OXFFFC0000 to OxFFFCFFFF, is covered by the EMIgG& and primarily dedicated to

the emulator debug monitor. However, the EMUsIighal can be used to select the monitor ROM or

system 1/O port. Keep in mind that if the monitor ROM is selected, the system must boot up in emulator
mode. Refer to Chapter 16, “In-Circuit Emulation,” for more details.

1.3.15 Bootstrap Mode

The bootstrap mode is designed to allow the initialization of a target system and the ability to download
programs or data to the target system RAM using either the UART 1 or UART 2 controller. See

Chapter 14, “Universal Asynchronous Receiver/Transmitter 1 and 2,” for information on operating and
programming the UART controllers. Once a program is downloaded to the MC68VZ328, it can be
executed, providing a simple debugging environment for failure analysis and a channel to update programs
stored in flash memory. Simple hardware debug functions may be performed on the target system using the
bootstrap utility program BBUGV.EXE, which is available on the following World Wide Web site:
http://lwww.Motorola.com/DragonBall. See Chapter 17, “Bootstrap Mode,” for more information about

this mode.
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Chapter 2
Signal Descriptions

This chapter describes the MC68VZ328'’s input and output/signals, which are organized into functional
groups, as illustrated in Figure 2-1 on page 2-2. The MC68VZ328 uses a standard M68000 bus to
communicate with on-chip and external peripherals. This single continuous bus exists both on and off the
chip. CPU read cycles to internal memory-mapped registers of the device are invisible on the external bus,
but write cycles to internal or external memory-mapped locations are visible.
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Figure 2-1. Signals Grouped by Function

2.1 Signals Grouped by Function

Table 2-1 on page 2-3 groups the MC68V 2328 signals according to their function.
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Number of Pins

Function Group Signals
TQFP PBGA
Power Vpp 9 5
Ground Vss 16 28
Regulator output LVpbp 5 1
Clocks/PCIO XTAL, EXTAL, CLKO/PF2 3 3
System control RESET 1 1
Address bus/PFIO PF[3:6]/A[23:20], A[19:14], AO/PG1, 24 24
MA[15:0])/A[16:1]
Lower data bus/PAIO PA[7:0]/D[7:0] 8 8
Upper data bus D[15:8] 8 8
Bus control/PCIO/PEIO/ BUSW/DTACK/PGO, OE, LWE/LB, UWE/UB, 8 8
PKIO PE3/DWE/UCLK, PK2/LDS, PK3/UDS, PK1/RW
Interrupt controller/PMIO INTO/PDO, INT1/PD1, INT2/PD2, INT3/PD3, 9 9
IRQ1/PD4, IRQ2/PD5, IRQ3/PD6, IRQ6/PD7,
IRQ5/PF1
LCD controller/PCIO LACD/PC7, LCLK/PC6, LLP/PC5, LFLM/PC4, 13 13
LD[7:4]/PK][7:4], LD[3:0]/PC[3:0], LCON-
TRAST/PFO
UART1/PEIO, UART2/PJIO | PE4/RXD1, PE5/TXD1, PE6/RTS1, PE7/CTS1, 8 8
PJ4/RXD2, PJ5/TXD2, PJ6/RTS2, PJ7/CTS2
Timer/PBIO TOUT/TIN/PB6 1 1
Pulse-width modulator/PBIO | PWMO1/PB7 (PM5/DATA_READY/PWMO2) 1 1
Master SPI/PEIO, config- SPITXD/PEQ, SPIRXD/PE1, SPICLK2/PE2, 8 8
urable SPI/PJIO/PKIO PJO/MOSI, PJ1/MISO, PJ2/SPICLK1, PJ3/SS,
PKO/DATA_READY/PWMO2
Chip-select, CSA[1:0]/PF7, CSB[1:0]/PB[1:0]//SDWE, 9 9
EDO RAM/PBIO, PMIO CSCJ[1:0]/PB[3:2)/RAS[1:0],
CSDI[1:0]/PB[5:4]/CAS[1:0], PM5/DMOE
SDRAM/PMIO PMO0/SDCLK, PM1/SDCE, PM2/DQMH, 5 5
PM3/DQML, PM4/SDA10, (SDWE, SDCASJ[1:0],
SDRASJ1:0] )—multiplexed with chip-select sig-
nals
Emulator pins EMUIRQ/PG2, EMUBRK/PG5, HIZ/P/D/PG3, 4 4
EMUCS/PG4
No connect pins NC 4 0
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2.2 Power and Ground Signals

The MC68V Z328 microprocessor has three types of power pins. They are Vpp, Vss, and LV pp.

* Vpp—External power supply to drive all I/0 pins and for the internal voltage regulator. It is
recommended to place a 0.1 uF bypass capacitor close to each of these pins.

* Vgg—Signal return pin for both digital and analog circuits.

* LVpp—Internal voltage regulator output signal that is used by the internal circuitry. HediNs
should not be used as an external circuit power supply due to current supply limitations. Each
package has unique bypass capacitor requirements. The-TQFP package requires that an external
bypass capacitor circuit of 0.QUF and 0.0001 pF (in parallel) be placed close to each of thghV
pins, except pin 35, which requires a 270 nF and a 0.00@ypdss capacitor. The PBGA has a
single LVpp pin (M1) requiring only a 270 nF and a 0.0001ypass capacitor.

NOTE:

For maximum noise immunity, ensure that external bypass capacitors are
placed as close to the pins as possible.

2.3 Clock and System Control Signals

There are four clock and system control signals:

» EXTAL—External Clock/Crystal. This input signal connects to the external low frequency crystal.
The MC68VZ328 microprocessor supports both a 32.768 kHz and a 38.4 kHz crystal frequency.
For a 32.768 kHz input, the internal phase-locked loop generates a PLLCLK signal that passes
through two prescalers, and the resulting output (DMACLK and SYSCLK) clock is 16.58 MHz.
Figure 2-2 illustrates how a crystal is usually connected to the MC68VZ328. For specific circuit
design values, see Figure 4-2 on page 4-4.

32.768 kHz or 38.4 kHz

EXTAL XTAL

>

T I

Figure 2-2. Typical Crystal Connection

C1 c2

» XTAL—Crystal. This output signal connects the on-chip oscillator output to an external crystal.

* CLKO/PF2—Clock Out or bit 2 of Port F. This output clock signal is derived from the on-chip clock
oscillator and is.internally connected to the clock output of the internal CGM. This signal is
provided for external reference. The output can be disabled in the PLL control register to reduce
power consumption and electromagnetic emission. See Section 4.4.1, “PLL Control Register,” on
page 4-8 for more information. The CLKO/P§&ignal defaults to the Port F pin 2 input signal. For
detailed information, refer to Section 10.4.7.3, “Port F Dedicated I/O Functions,” on page 10-26.

 RESET—Reset. This active low, Schmitt trigger input signal resets the entire MC68VZ328
processor. (CPU and peripherals). The threshold of this Schmitt trigger device is 1.2 V high and
0.8 V low. After the MC68VZ328 powers up, this reset input signal should be driven low for at least
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1.2 sbeforeitsvoltage is higher than 1.2 V to ensure that the crystal oscillator starts and stabilizes.
See Section 4.3.1, “CLK32 Clock Signal,” on page 4-4 for details about selecting circuit values.
This signal is inactive while the CPU is executing the RESET instruction.

NOTE:

When an R/C circuit is being used to generate the RES@RI to the
MC68VZ328, the R/C circuit must be placed as/close to the chip as
possible.

2.4 Address Bus Signals

The address bus pins A[23:0] are the address lines driven by the CPU or LCD controller for panel refresh
DMA. In sleep mode, all address signals are in an active state of the last bus cycle. Refer to
Section 4.5.1.4, “Sleep Mode,” on page 4-12 for more detailed information.

AO0/PG1—Address 0 or Port G bit 1. After system reset, this signal defaults to AO.

MA[15:0])/A[16:1]—Multiplexed DRAM bits 15—0 or Address bits 16—1. These address output
lines are multiplexed with the DRAM row and.column address signals. The MA signal is selected
on DRAM access cycles.

A[19:17]—Address lines 19-17.

A[23:20]/PF[6:3]—Address bits 23—20 or Port F bits 6—3. These address lines are multiplexed with
Port F. These signals default to address functions after reset.

2.5 Data Bus Signals

The flexible data bus interface design.of the MC68VZ328 microprocessor allows programming of the
lower byte of the data bus (in an 8-bit-only system) to operate as general-purpose 1/O signals. In sleep
mode, all of the data bus pins (D15-D0) are individually pulled up with 1-megaohm resistors. Refer to
Section 4.5.1.4, “Sleep Mode,” on page 4-12 for more detailed information.

D[15:8]—Data bits 15-8. The upper byte of the data bus is not multiplexed with any other signal.
In pure 8-bit systems, this‘is the data bus. In mixed 8- and 16-bit systems, 8-bit memory blocks or
peripherals should be connected to this bus.

D[7:0]/PA[7:0]—Data bits 7—0 or Port A bits 7—0. This bus is the lower data byte or general-purpose
I/0. In pure 8-bit systems, this bus can serve as a general-purpose I/O. The WDTHS bit in the SCR
register (OxFFF000).should be set to 1 by software before the port can be used. See Section 5.2.1,
“System Control Register,” on page 5-2 for details on setting this bit. In 16-bit or mixed 8- and
16-bit systems, these pins must function as the lower data byte.

(M) moToroLa Signal Descriptions 2-5

For More Information On This Product,
Go to: www.freescale.com



Interrupt Controller Signals Freescale Semiconductor, Inc.

2.6 Bus Control Signals

The bus control signals are used for both the configuration and operation of the MC68V 2328 bus. The
following descriptions provide detailed information about programming the signals and their use.

« LWE/LB, UWE/UB—Lower Byte Write-Enable and Upper Byte Write-Enable, or Lower Byte and
Upper Byte data strobes. For all chip-select cycles except CSB[1:0}; these two pins are LWE and
UWE. They are used as lower and upper write-enable signals to a 16-bit port. If the chip-select is
set to 8-bit port (the BSW bit isclear), use only the UWE signal-forwrite-enable control. UWE can
beused asaDRAM write-enableif DRAM refresh does not require that UWE stay high. Otherwise,
DWE should be used. For CSB[1:0] cycles, if the SR16 bit isclear in the CSCTRL 1 register, these
two pins are LWE and UWE and function as previously described. If the SR16 bit is set, these two
pins are UB and LB. These two data strobe signal's are normally used to connect to UDS and LDS
of the 16-bit memory chip.

+ DWE/UCLK/PE3—DRAM Write-Enable, UART Clock;-or Port E bit 3. Use the DWE signal with
DRAM, which requires an independent write-enable signa rather than one that is shared with
UWE. Thissignal stays high during refresh cycles. Thispin defaultsto aPE3 input signal. To select
the DWE function, program Port E to DWE and enable the DWE signal by writing a 1 to the DWE
bit of the DRAMC register, which is described'in Section 7.3.2, “DRAM Control Register,” on
page 7-14. If this bit is not enabled, the UCLK signal function is selected, which is an input clock
to the UART module. For a description of the.UCLK signal, refer to Section 14.2.3, “Serial
Interface Signals,” on page 14-3. This pin defaults to GPIO input pulled high.

«  BUSW/DTACK/PG0O—Bus Width, Data Transfer Acknowledge, or Port G bit 0. BUSW isthe
default bus width for the CSAOQ signal. The DTACK signal isthe external input data acknowledge
signal. The MC68V 2328 microprocessor will latch the BUSW signal at the rising edge of the
RESET signal. Its mode will determinethe default bus width for CSAO. For example, alogic low
of BUSW on reset meansthat CSAO connectsto an 8-bit memory device, and alogic high of BUSW
on reset means that CSAO connects to a 16-bit memory device. After reset, this pin defaultsto the
DTACK input signal. DTACK can be configured as output by programming the Port G DIR register.
If itisinput, only those chip-select-cycles using external DTACK will be affected. Chip-select
cycles of internal DTACK will ignore the input status. This pin can be configured to GPIO after
system reset. For a 16-bit CSAQ-selected memory device, it is recommended that this signal be
pulled up, externally.

«  OE—Output Enable. This active low signal is asserted during aread cycle of the MC68VZ328
microprocessor, which enablesthe output of either ROM or SRAM.

« UDSPKS3, LDSPK2—Data-strobes or GPIO. Ul#hd LDSare 68000 CPU data strobe signals.
These pins default to GPIO input pulled high.

+  RW/PK1—Read/Write or Port K bit 1. RW the 68000 CPU read/write signal. This pin defaults to
GPIO input pulled high:

2.7 Interrupt/Controller Signals

This section describes signals that are used by the MC68VZ328 interrupt controller.

e INT[3:0], IRQ[3:1], IRQ&PD[7:0}—Interrupt bits 3-0, Interrupt Request bits 3-1, or Port D bits
7-0. NT[3:0], IRQ[3:1], and RQ6 can be configured as edge or level trigger interrupt signals. To
support keyboard applications, the I/O function can be used with interrupt capabilities, which are
described in Chapter 9, “Interrupt Controller.” These pins default to GPIO input pulled high.
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* IRQ5PF1—Interrupt Request 5 or Port F bit 1. This signal can be programmed as GPIO or as an
interrupt input. When configured as an interrupt input, the signal may be programmed as a level high
or level low trigger interrupt. This pin defaults to GPIO input pulled high.

EMIQ—Emulator Interrupt Status. This bit indicates that the in-circuit emulation module or
EMUIRQ pinisrequesting alevel 7 interrupt. This bit can be generated from three interrupt
sources—two breakpoint interrupts from the in-circuit emulation module and an external interrupt
from EMUIRQ, which is an active low, edge-sensitive interrupt. To clear this interrupt, read the
ICEMSR register to identify the interrupt source and write.a 1 to the corresponding bit in the
ICEMSR. See Section 9.6.4, “Interrupt Status Register,” on page 9-12 for more information.

2.8 LCD Controller Signals

The MC68VZ328 contains all necessary circuitry to support an external LCD display panel. This section
describes the signals used by the LCD controller. It also provides some programming information about
the use of these signals.

e LDJ[3:0]/PC[3:0], LD[7:4])/PK[7:4]—LCD Data/Bus bits 7-0, or Port C bits 3—0 and Port K bits
7-4. LD signals output bus transfers of pixel-data to the LCD panel to which it will be displayed.
The pixel data is arranged to accommodate the programmable panel mode data width selection.
Panel interfaces of 1, 2, 4, or 8 bits are supported.

NOTE:

The MC68VZ328'’s LCD interface data bus uses the LSB (LDO) to display
pixel 0,0. Some LCD panel manufacturers program their LCD panel data
bus so that the MSB of the panel displays pixel 0,0. For these panels, the
connection between the MC68VZ328's LCD data bus and the LCD panel’s
data bus may have a reversed bit significance. For a 4-bit LCD panel of this
type, connect the MC68VZ328's LDO signal to the LCD panel’s data bit 3,
and then connect LD1 to LCD data 2, LD2 to LCD data 1, and LD3 to LCD
data 0. The four pins.can also be programmed as 1/O ports from Port C.
These signals default as GPIO input with Port C being pulled low and Port
K pulled high.

e LFLM/PC4—First Line Marker or Port C bit 4. This signal indicates the start of a new display
frame. LFLM becomes active after the first line pulse of the frame and remains active until the next
line pulse, at which point'it deasserts and remains inactive until the next frame. LFLM can be
programmed to be an active high or an active low signal. It can also be programmed as an I/O port.
This pin defaults to GPIO input pulled low.

e LLP/PC5—LCD Line Pulse or Port C bit 5. The LLP signal is used to latch a line of shifted data
onto an LCD panel. The LLP can be programmed to be an active high or active low signal in
software. See Section 8.3.10, “LCD Polarity Configuration Register,” on page 8-16 for more
information.

e LCLK/PC6—LCD Shift Clock or Port C bit 6. This is the clock output to which the output data to
the LCD panel.is synchronized. LCLK can be programmed to be either an active high or an active
low signal. This pin can also be programmed as an I/O port. This pin defaults to GPIO input pulled
low.

 LACD/PC7—LCD Alternate Crystal Direction or Port C bit 7. This output is toggled to alternate
the crystal polarization on the panel. This signal can be programmed to toggle at a period of 1 to
128 frames or lines. This pin also can also be programmed as an 1/O port. This pin defaults to GPIO
input pulled low.
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LCONTRAST/PFO—LCD Contrast and Port F bit 0. This output is generated by the pulse-width
modulator (PWM) inside the LCD controller to adjust the supply voltage to the LCD panel. This
pin can also be programmed as an I/O port. This pin defaults to GPIO input pulled high.

2.9 UART 1 and UART 2 Controller Signals

There are two Universal Asynchronous Receive Transmit (UART) modules in the MC68VZ328. This
section describes the signals that are used to interface with external serial devices.

RXD1/PE4, RXD2/PJ4—UART 1 and UART 2 Receive Data or Port E bit 4 and Port J bit 4. RXD

is the receiver serial input. During normal operation,,NRZ data is expected, but in I[rDA mode, a
narrow pulse of 1.6 ps minimum is expected for each zero bit received. External circuitry must be
used to convert the IrDA signal to an electrical signal. RS-232 applications need an external RS-232
receiver to convert voltage levels. These pins default to GPIO input pulled high.

TXD1/PE5, TXD2/PJ5—UART 1 and UART 2 Transmit Data or Port E bit 5 and Port J bit 5. TXD
is the transmitter serial output. During normal.operation, they output NRZ data signals. In [rDA
mode, they output a selectable pulse width of three-sixteenths bit period or 1.6 us minimum bit
period for each zero bit transmitted. For RS=232 applications, this pin must be connected to an
RS-232 transmitter. For IrDA applications, this pin can directly drive an IrDA LED. These pins
default to GPIO input pulled high.

RTS1PE6, RS2/PJ6—UART 1 and UART.2 Request to Send or Port E bit 6 and Port J BiS6. R
indicates that it is ready to receive data by asserting this pin (low). This pin would be connected to
the far-end transmitter’s CTi@n. When the receiver detects a pending overrun, it negates this pin.
These pins default to GPIO input pulled high.

CTS1IPE7, OS2PJ7—UART 1 and UART 2 Clear to Send or Port E bit 7 and Port J'bit 7. CTS
controls the transmitter. Normally; the transmitter waits until this signal is active (low) before a
character is transmitted. If the NOCTSKx bit is set in the UTX register, the transmitter sends a
character whenever a character is'ready to transmit. These pins default to GPIO input pulled high.

2.10 Timer Signals

There are several external timer;and clock signal functions available using the MC68VZ328. This section
describes the signals and how they are programmed.

2-8

TOUT/TIN/PB6—Timer 1 Output, Timer 1 Input, or Port B bit 6. TOUT can be programmed to
toggle or generate a pulse of 1-system-clock duration when the timer/counter reaches a reference
value. TIN is used‘as the external clock source of Timer 1 or used as a capture function. This pin
defaults to GPIO input pulled high.

UCLK/DWE/PE3—UART Clock input/output, DRAM Write-Enable, or Port E bit 3. The UCLK
function is selected when DWE disabled and PESEL3 is written 0. The direction of UCLK is
controlled by .the UCLKDIR bit of UART 1 and UART 2. For UCLK output, the UCLK bit of
peripheral control register selects the clock output signal from UART 1 or UART 2. This pin
defaults to GPIO input pulled high.
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2.11 Pulse-Width Modulator Signals

There are two pulse-width modulator (PWM) modulesin the MC68V Z2328. This section describes the
signals available to communicate with these PWM modules.

PWMO1/PB7—Pulse-Width Modulator Output 1 or Port B bit 7-PWMOL1 is an output signal from
the logical operation (AND or OR) of both the PWM 1 and PWM 2 modules. This pin defaults to
GPIO input pulled high.

PWMO2/DATA_READY/PKO—Pulse-Width Modulator Output 2, SPI Data Ready, or Port K bit O.
PWMO?2 is an output signal from the PWM 2 module. Ifthis pin is configured for dedicated 1/O
function and PKDIRO is 1, the PWMO?2 signal is selected. If PKDIRO is 0, SPI Data Ready
(DATA_READY) is selected. This pin defaults to GPIO input pulled high.

2.12 Serial Peripheral Interface 1 Signals

There are two serial peripheral interface (SPI) modules.in the MC68VZ328. This section describes the
signals that are used with SPI 1 to interface with external devices.

MOSI/PJO—SPI Transmit Data or Port J bit:0. MOSI is the master output/slave input signal for the
SPI shift register. This pin defaults to GPIO input pulled high.

MISO/PJ1—SPI Receive Data or Port Jbit'l. MISO is the master input/slave output signal for the
SPI shift register. This pin defaults to GPIO input pulled high.

SPICLK1/PJ2—SPI Clock or Port J bit 2. SPICLK1 is the master clock output/slave clock input
signal for SPI. In polarity = 0 mode, this'signal is low while the serial peripheral interface master is
idle. In polarity = 1 mode, this signal‘is high during idle. This pin defaults to GPIO input pulled
high.

SS/PJ3—SPI Slave Select or Port J bit 3iShe master output/slave input chip-select signal. This
pin defaults to GPIO input pulled high.

DATA_READY/PWMO2/PK0—SPI Data Ready or Port K bit 0OATA_READY can be used in
master mode to signal the SPI'master to clock out data. To select the DATA_REAEN, the
PKDIRO and PKSELDO bits are‘written 0. This pin defaults to GPIO input pulled high.

2.13 Serial Peripheral Interface 2 Signals

This section describes the signals that are used with SPI 2, the second serial peripheral interface (SPI)
module in the MC68VZ328, to interface with external devices.

SPITXD/PEO—SPI:Master Transmit Data or Port E bit 0. SPITXD is the master SPI shift register
output signal. This pin defaults to GPIO input pulled high.

SPIRXD/PE1—SPI Master Receive Data or Port E bit 1. SPIRXD is the input to the master SPI shift
register. This‘pin defaults to GPIO input pulled high.

SPICLK2/PE2—SPI Master Clock or Port E bit 2. SPICLK2 is the clock output when the serial
peripheralinterface master is enabled. In polarity = 0 mode, this signal is low while the serial
peripheral interface master is idle. In polarity = 1 mode, this signal is high during idle. This pin
defaults.to.GPIO input pulled high.
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2.14 Chip-Select and EDO RAM Interface Signals

Chip-select logic is used to provide maximum compatibility with a wide variety of memory logic. This
section and Section 2.15, “SDRAM Interface Signals,” describe the signals used to interface with RAM,
SDRAM, and EDO RAM.

CSAO—Chip-Sdlect A bit 0. CSAO isadefault chip-select signal after reset. It isset to 6 wait states

and decodes all addressranges, except internal register address space, emulator space, and bootstrap

space (OXFFFC0000-0xFFFFFFFF). It can be reprogrammed-during the boot sequence to another
address range or different wait states. The default data bus width fori€&&08rmined by the state

of the BUSW signal.

CSA1PF7, GSB[1:0]/PB[1:0], CS(1:0]/PB[3:2)/RAJ1:0], CSD[1:0]/PB[5:4]/CA]1:0]—
Chip-Select A, B, C, and D bits 0 and 1, Port F bit 7, Port B-bits 5-0, or row and column select
signals. These pins comprise the remainder of the Group A, B, C, and D chip-selects and are
individually programmable. Pins that are not needed-as chip-selects can be programmed as
general-purpose /0. In addition, CR@] and CSIp1:0] are designed to support DRAM as CAS
and RASsignals. These pins default to GPIO input pulled high.

PM5/DMOE—Port M bit 5 or DRAM Continuous Page Mode Output Enable. DMOE issimilar to
the OE signal. However, DMOE only goes active on DRAM read cycles, while OE is active for all
memory read cycles. In continuous page mode, RASisheld low until apage-miss, refresh required,
or RAS duration time out. During an RAS low-period there may be other memory access cycles,
and if OE is used to enable the DRAM data output, DRAM will drive data, producing bus
contention. Therefore, a dedicated output enable, DMOE, is required, connecting to DRAM if
continuous page modeis enabled. Using thismode will minimize the number of clocks per DRAM
access. This pin defaults to GPIO input pulled high.

2.15 SDRAM Interface Signals

2-10

CSDQ CSDZ1—These two signasare multiplexed with SDRAM CS0 and CS1. When SDRAM is
enabled, CSDO and CSD1 are SDRAM bank 1 and bank 2 chip-select signals. Also see Chapter 6,
“Chip-Select Logic,” for more details.

CSCO—This signal is multiplexed with SDRAM RAS. When SDRAM is enabled, this signal
becomes an SDRAM RAS signal. For additional information about this subject, see Chapter 6,
“Chip-Select Logic.”

CSC1—Thissignal is multiplexed with SDRAM CAS. When SDRAM is enabled, this signal
becomes an SDRAM RASsignal. For more details, see Chapter 6, “Chip-Select Logic.”

SDWE—SDRAM WE. When SDRAM is enabled, this signal becomes an SDRAM Write-Enable
signal. There is additional programming information about this subject in Chapter 6, “Chip-Select
Logic.”

PMO/SDCLK—Port.M bit 0 or SDRAM Clock. This pin defaults to GPIO input pulled low.
PM1/SDCE—Port M bit 1 or SDRAM Clock Enable. This pin defaults to GPIO pulled low.

PM2/DQMH;PM3/DQML—Port M bits 2-3 or SDRAM input/output mask. These pins default to
GPIO pulledlow.

PM4/SDA1G—Port M bit 4 or SDRAM Address A10. This pin defaults to GPIO input pulled low.
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2.16 In-Circuit Emulation (ICE) Signals

The ICE module is designed to support low-cost emulator designs using the MC68V Z328 microprocessor.
There are four interface signals that are extended to external pins.

« HIZ/P/D/IPG3—High Impedance, Program/Data, or Port G bit-3: During system reset, a logic low
of this input signal will put the MC68VZ328 into Hi-Z mode,-in 'which all MC68VZ328 pins are
three-stated after reset release. For normal operation, this pin must be pulled high during system
reset or left unconnected. This pin defaults to GPIO input-pulled high, but can be programmed as
the P/Dfunction. P/Dis a status signal that shows whether the current bus cycle is in program space
or in data space during emulation mode.

EMUIRQ/PG2—Emulator Interrupt Request or Port G bit 2. During system reset, a logic low of this
input signal will put the MC68VZ328 into emulation/mode, which is described in Chapter 16,
“In-Circuit Emulation.” For normal operation, this pin‘'must be pulled high during system reset or
left unconnected. After system reset, this pin defaults to an EMWIRQion in normal or
emulation mode. EMUIR(s an active low, level 7-interrupt input signal.

«  EMUBRK/PG5—Emulator Breakpoint or Port G-bit 5. During system reset, a logic low of this
input signal will put the MC68VZ328 into bootstrap mode, which is described in Chapter 17,
“Bootstrap Mode.” For normal operation, this-pin must be pulled high during system reset or left
unconnected. After system reset, this pin defaults to the EMUBR&ion, which is an 1/O signal
used in emulation mode for breakpoint control.

«  EMUCSPG4—Emulator Chip-Select or Port G biMUCSis an 8-bit data bus width chip-select
signal that selects the dedicated memory.space from OxFFFCO0000 to OxFFFDFFFF. It cannot be
used to select 16-bit data bus memory.devices. EMid@8t only activated in emulation mode,
but in normal and bootstrap modes as well. See Chapter 16, “In-Circuit Emulation,” for more
information about EMUC®peration.-This pin defaults to an EMUGIg§nal.
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Chapter 3
Memory Map

The memory map isaguideto al on-chip resources. When you configure your chip, refer to Figure 3-1
and either Table 3-1 on page 3-2, which is sorted by address, or Table 3-2'on page 3-8, which is sorted
aphabetically by register name.

Monitor Program
(Defined by User)

OX1FFFFFFF

OXFFFC0000
OXFFFDFFFF

OxFFFFFO00

OXFFFFFDIf
OXFFFFFFO0
OXFFFFFff

@ MOTOROLA

Supervisor Memory Map User's Memory Map

A A A

/__ ________

System Memory 512 Mbyte

Program / Data
Memory

_ 3] _ Emuator__ wonitor | %

Reserved
MC68VZ328

Register
Bootstrap

Figure 3-1. MC68VZ328 System Memory Map

Memory Map
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3.1 Programmer’s Memory Map

On reset the base address used in the table is OXFFFFFO00 (or 0xXXFFFO000, where XX is “don’t care”). If
a double-mapped bit is cleared in the system control register, then the base address is OxFFFFF0O00 only.
Unpredictable results occur if you write to any 4K register space not documented in Table 3-1 or Table 3-2

on page 3-8.
Table 3-1. Programmer’s Memory Map (Sorted by Address)

Address Name Width Description Reset Value NE;gbeer
OxFFFFF000 SCR 8 System control register 0x1C 5-2
OXFFFFF003 PCR 8 Peripheral control register 0x00 5-4
OxFFFFFO004 IDR 32 Silicon ID register 0x56000000 5-5
OXFFFFF008 IODCR 16 I/O drive control register OX1FFF 5-6
OXFFFFF100 CSGBA 16 Chip-select group A base register 0x0000 6-4
OXFFFFF102 CSGBB 16 Chip-select group B base register 0x0000 6-4
OXFFFFF104 CSGBC 16 Chip-select.group C base register 0x0000 6-4
OXFFFFF106 CSGBD 16 Chip-select'group D base register 0x0000 6-4
OxFFFFF108 CSUGBA 16 Chip-select upper group address 0x0000 6-6

register

OXFFFFF10A CSCR 16 Chip-select control register 0x0000 6-16
OXFFFFF110 CSA 16 Group A chip-select register 0x00BO 6-8
OXFFFFF112 CSB 16 Group B chip-select register 0x0000 6-8
OXFFFFF114 CsC 16 Group C chip-select register 0x0000 6-8
OXFFFFF116 CsSD 16 Group D chip-select register 0x0200 6-8
OxFFFFF118 EMUCS 16 Emulation chip-select register 0x0060 6-16
OXFFFFF200 PLLCR 16 PLL control register 0x24B3 4-8
OXFFFFF202 PLLFSR 16 PLL frequency select register 0x0347 4-10
OXFFFFF204 RES — Reserved — —

OXFFFFF207 PCTLR 8 Power control register Ox1F 4-14
OxFFFFF300 IVR 8 Interrupt vector register 0x00 9-7
OXFFFFF302 ICR 16 Interrupt control register 0x0000 9-8
OxFFFFF304 IMR 32 Interrupt mask register OX00FFFFFF 9-10
OxFFFFF308 RES 32 Reserved — —

OxFFFFF30C ISR 32 Interrupt status register 0x00000000 9-12
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Table 3-1. Programmer’s Memory Map (Sorted by Address) (Continued)
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Address Name Width Description Reset Value NE%gbeer
OXFFFFF310 IPR 32 Interrupt pending register 0x00000000 9-16
OXFFFFF314 ILCR 16 Interrupt level control register 0x6533 9-19
OXFFFFF400 PADIR 8 Port A direction register 0x00 10-6
OxFFFFF401 PADATA 8 Port A data register OxFF 10-6
OXFFFFF402 PAPUEN 8 Port A pull-up enable register. OxFF 10-6
OxFFFFF403 RES 8 Reserved — —
OXFFFFF408 PBDIR 8 Port B direction register 0x00 10-8
OXFFFFF409 PBDATA 8 Port B data register OxXFF 10-8
OXFFFFF40A PBPUEN 8 Port B pull-up enable register OxFF 10-8
OxXFFFFF40B PBSEL 8 Port B select register OxXFF 10-8
OXFFFFF410 PCDIR 8 Port C direction register 0x00 10-11
OXFFFFF411 PCDATA 8 Port C dataregister 0x00 10-11
OXFFFFF412 PCPDEN 8 Port C:pull-down enable register OxFF 10-11
OXFFFFF413 PCSEL 8 Port/C'select register OxFF 10-11
OXFFFFF418 PDDIR 8 Port D direction register 0x00 10-16
OXFFFFF419 PDDATA 8 Port D data register OxFF 10-16
OXFFFFF41A PDPUEN 8 Port D pull-up enable register OxFF 10-16
OXFFFFF41B PDSEL 8 Port D select register 0xFO 10-16
OxFFFFF41C PDPOL 8 Port D polarity register 0x00 10-16
OXFFFFF41D PDIRQEN 8 Port D interrupt request enable 0x00 10-16

register
OXFFFFF41E PDKBEN 8 Port D keyboard enable register 0x00 10-16
OXFFFFF41F PDIRQEG 8 Port D interrupt request edge register 0x00 10-16
OXFFFFF420 PEDIR 8 Port E direction register 0x00 10-21
OXFFFFF421 PEDATA 8 Port E data register OxFF 10-21
OXFFFFF422 PEPUEN 8 Port E pull-up enable register OxFF 10-21
OXFFFFF423 PESEL 8 Port E select register OxFF 10-21
OXFFFFF428 PFDIR 8 Port F direction register 0x00 10-24
OXFFFFF429 PFDATA 8 Port F data register OxFF 10-25
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Table 3-1. Programmer’s Memory Map (Sorted by Address) (Continued)

Address Name Width Description Reset Value NE%gbeer
OXFFFFF42A PFPUEN 8 Port F pull-up/pull-down enable OxFF 10-27
register
OXFFFFF42B PFSEL 8 Port F select register 0x87 10-27
OXFFFFF430 PGDIR 8 Port G direction register 0x00 10-28
OXFFFFF431 PGDATA 8 Port G data register O0x3F 10-28
OXFFFFF432 PGPUEN 8 Port G pull-up enable register 0x3D 10-30
OXFFFFF433 PGSEL 8 Port G select register 0x08 10-31
OXFFFFF438 PJDIR 8 Port J direction register 0x00 10-31
OXFFFFF439 PJDATA 8 Port J data register OxFF 10-32
OXFFFFF43A PJPUEN 8 Port J pull-up enable register OxFF 10-33
OXFFFFF43B PJSEL 8 Port J selectregister OXEF 10-33
OXFFFFF440 PKDIR 8 Port K direction register 0x00 10-34
OXFFFFF441 PKDATA 8 Port K data register OxOF 10-35
OXFFFFF442 PKPUEN 8 Port K pull-up/pull-down enable OxFF 10-36
register
OXFFFFF443 PKSEL 8 Port K select register OxFF 10-36
OXFFFFF448 PMDIR 8 Port M direction register 0x00 10-37
OXFFFFF449 PMDATA 8 Port M data register 0x20 10-38
OXFFFFF44A PMPUEN 8 Port M pull-up/pull-down enable regis- O0x3F 10-39
ter
OXFFFFF44B PMSEL 8 Port M select register O0x3F 10-40
OXFFFFF500 PWMC1 16 PWM unit 1 control register 0x0020 15-4
OXFFFFF502 PWMS1 16 PWM unit 1 sample register OXXXXX 15-6
OXFFFFF504 PWMP1 8 PWM unit 1 period register OxFE 15-7
OXFFFFF505 PWMCNTL1 8 PWM unit 1 counter register 0x00 15-7
OxFFFFF506 RES 16 Reserved — —
OXFFFFF510 PWMC2 16 PWM unit 2 control register 0x0000 15-8
OXFFFFF512 PWMP2 16 PWM unit 2 period register 0x0000 15-9
OXFFFFF514 PWMW?2 16 PWM unit 2 width register 0x0000 15-10
OxFFFFF516 PWMCNT2 16 PWM unit 2 counter register 0x0000 15-10
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Table 3-1. Programmer’s Memory Map (Sorted by Address) (Continued)

Address Name Width Description Reset Value NE;gbeer
OXFFFFF600 TCTL1 16 Timer unit 1 control register 0x0000 12-6
OXFFFFF602 TPRER1 16 Timer unit 1 prescaler register 0x0000 12-8
OXFFFFF604 TCMP1 16 Timer unit 1 compare register OXFFFF 12-9
OXFFFFF606 TCR1 16 Timer unit 1 capture register 0x0000 12-10
OXFFFFF608 TCN1 16 Timer unit 1 counter register 0x0000 12-11
OXFFFFFG60A TSTAT1 16 Timer unit 1 status register 0x0000 12-12
OXFFFFF610 TCTL2 16 Timer unit 2 control register 0x0000 12-6
OXFFFFF612 TPRER2 16 Timer unit 2 prescaler register 0x0000 12-8
OXFFFFF614 TCMP2 16 Timer unit 2 compare register OXFFFF 12-9
OXFFFFF616 TCR2 16 Timer unit 2 capture register 0x0000 12-10
OXFFFFF618 TCN2 16 Timer unit 2 counter register 0x0000 12-10
OXFFFFF61A TSTAT2 16 Timer unit 2.status register 0x0000 12-12
OXFFFFF700 SPIRXD 16 SPI unit 1 receive data register 0x0000 13-4
OXFFFFF702 SPITXD 16 SPI unit 1 transmit data register 0x0000 13-5
OXFFFFF704 SPICONT1 16 SPl'unit 1 control/status register 0x0000 13-6
OXFFFFF706 SPIINTCS 16 SPI unit 1 interrupt control/status 0x0000 13-8

register
OXFFFFF708 SPITEST 16 SPI unit 1 test register 0x0000 13-10
OXFFFFF70A SPISPC 16 SPI unit 1 sample period control 0x0000 13-11
register
OXFFFFF800 SPIDATA2 16 SPI unit 2 data register 0x0000 13-14
OXFFFFF802 SPICONT2 16 SPI unit 2 control/status register 0x0000 13-15
OXFFFFF900 USTCNT1 16 UART unit 1 status/control register 0x0000 14-10
OXFFFFF902 UBAUD1 16 UART unit 1 baud control register 0x003F 14-12
OxFFFFF904 URX1 16 UART unit 1 receiver register 0x0000 14-13
OXFFFFF906 UTXx1 16 UART unit 1 transmitter register 0x0000 14-14
OXFFFFF908 UMISC1 16 UART unit 1 miscellaneous register 0x0000 14-16
OXFFFFF90A NIPR1 16 UART unit 1 non-integer prescaler 0x0000 14-18
register
OXFFFFF910 USTCNT2 16 UART unit 2 status/control register 0x0000 14-10
@ MOTOROLA Memory Map 3-5

For More Information On This Product,
Go to: www.freescale.com



Programmer's Memory MapFreescale Semiconductor, Inc.

Table 3-1. Programmer’s Memory Map (Sorted by Address) (Continued)

Address Name Width Description Reset Value NE%gbeer
OXFFFFF912 UBAUD2 16 UART unit 2 baud control register 0x003F 14-12
OXFFFFF914 URX2 16 UART unit 2 receiver register 0x0000 14-13
OXFFFFF916 UTXx2 16 UART unit 2 transmitter register 0x0000 14-14
OxFFFFF918 UMISC2 16 UART unit 2 miscellaneous register 0x0000 14-16
OXFFFFF91A NIPR2 16 UART unit 2 non-integer prescaler 0x0000 14-18

register
OXFFFFF91C HMARK 16 UART unit 2 FIFO half mark register 0x0102 14-29
OXFFFFFAQ0 LSSA 32 LCD screen starting address register 0x00000000 8-10
OXFFFFFAQO5 LVPW 8 LCD virtual page width register OxXFF 8-11
OXFFFFFAO08 LXMAX 16 LCD screen width register 0x03F0 8-12
OxFFFFFAOA LYMAX 16 LCD screen height register Ox01FF 8-12
OXFFFFFA18 LCXP 16 LCD cursor X position register 0x0000 8-12
OXFFFFFA1A LCYP 16 LCD cursor Y position register 0x0000 8-13
OXFFFFFALC LCWCH 16 LCD cursor width and height register 0x0101 8-14
OXFFFFFA1F LBLKC 8 LCD blink control register Ox7F 8-14
OXFFFFFA20 LPICF 8 LCD. panel interface configuration 0x00 8-15

register
OXFFFFFA21 LPOLCF 8 LCD polarity configuration register 0x00 8-16
OXFFFFFA23 LACDRC 8 LACD rate control register 0x00 8-16
OXFFFFFA25 LPXCD 8 LCD pixel clock divider register 0x00 8-17
OXFFFFFA27 LCKCON 8 LCD clocking control register 0x00 8-18
OXFFFFFA29 LRRA 8 LCD refresh rate adjustment register OxFF 8-18
OXFFFFFA2B RES 8 Reserved — —
OxFFFFFA2D LPOSR 8 LCD panning offset register 0x00 8-19
OXFFFFFA31 LFRCM 8 LCD frame rate control modulation 0x00 8-19

register
OXFFFFFA33 LGPMR 8 LCD gray palette mapping register 0x84 8-20
OxFFFFFA36 PWMR 16 PWM contrast control register 0x0000 8-20
OXFFFFFA38 RMCR 8 Refresh mode control register 0x00 8-21
OXFFFFFA39 DMACR 8 DMA control register 0x62 8-22
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Table 3-1. Programmer’s Memory Map (Sorted by Address) (Continued)
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Address Name Width Description Reset Value NE;gbeer
OXFFFFFBOO RTCTIME 32 RTC time of day register OXXXXX00XX 11-3
OxFFFFFB0O4 RTCALRM 32 RTC alarm register 0x00000000 11-3
OxFFFFFBOA WATCHDOG 16 Watchdog timer register 0x0001 11-4
OxFFFFFBOC RTCCTL 8 RTC control register 0x0080 11-10
OxFFFFFBOE RTCISR 16 RTC interrupt status register 0x0000 11-10
OxFFFFFB10 RTCIENR 16 RTC interrupt enable register 0x0000 11-12
OXFFFFFB12 STPWCH 8 Stopwatch minutes register 0x003F 11-14
OxFFFFFB1A DAYR 16 RTC day count register 0x0xxx 11-6
OxFFFFFB1C DAYALARM 16 RTC day alarm register 0x0000 11-8
OxFFFFFCO00 DRAMMC 16 DRAM memory configuration register 0x0000 7-12
OXFFFFFCO02 DRAMC 16 DRAM control-register 0x0000 7-14
OxFFFFFCO04 SDCTRL 16 SDRAM control register 0x003C 7-16
OXFFFFFCO06 SDPWDN 16 SDRAM power down register 0x0000 7-18
OXFFFFFC80 RES — Reserved — —
OxFFFFFDOO ICEMACR 32 ICEM address compare register 0x00000000 16-4
OxFFFFFDO0O4 ICEMAMR 32 ICEM address mask register 0x00000000 16-4
OxFFFFFDO08 ICEMCCR 16 ICEM control compare register 0x0000 16-6
OxFFFFFDOA ICEMCMR 16 ICEM control mask register 0x0000 16-6
OxFFFFFDOC ICEMCR 16 ICEM control register 0x0000 16-8
OxFFFFFDOE ICEMSR 16 ICEM status register 0x0000 16-10
OXFFFFFEXxx Bootloader — Bootloader microcode space — —
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name)

Name Address Width Description Reset Value NE;gbeer
Bootloader OXFFFFFEXxx — Bootloader microcode space — —
CSA OXFFFFF110 16 Group A chip-select register 0x00BO 6-8
CSB OXFFFFF112 16 Group B chip-select register 0x0000 6-8
CsC OXFFFFF114 16 Group C chip-select register 0x0000 6-8
CSCR OXFFFFF10A 16 Chip-select control register 0x0000 6-16
CsD OXFFFFF116 16 Group D chip-select register 0x0200 6-8
CSGBA OxXFFFFF100 16 Chip-select group A base register 0x0000 6-4
CSGBB OXFFFFF102 16 Chip-select group B.base register 0x0000 6-4
CSGBC OXFFFFF104 16 Chip-select group C base register 0x0000 6-4
CSGBD OXFFFFF106 16 Chip-select group D base register 0x0000 6-4
CSUGBA OXFFFFF108 16 Chip-select.upper group address 0x0000 6-6
register
DAYALARM OxXFFFFFB1C 16 RTC day-alarm register 0x0000 11-8
DAYR OXFFFFFB1A 16 RTC day count register 0x0xxx 11-6
DMACR OXFFFFFA39 8 DMA control register 0x62 8-22
DRAMC OxFFFFFCO02 16 DRAM control register 0x0000 7-14
DRAMMC OXFFFFFCO00 16 DRAM memory configuration register 0x0000 7-12
EMUCS OXFFFFF118 16 Emulation chip-select register 0x0060 6-16
HMARK OxFFFFF91C 16 UART unit 2 FIFO half mark register 0x0102 14-29
ICEMACR OXFFFFFDOO 32 ICEM address compare register 0x00000000 16-4
ICEMAMR OXFFFFFDO0O4 32 ICEM address mask register 0x00000000 16-4
ICEMCCR OxFFFFFDO8 16 ICEM control compare register 0x0000 16-6
ICEMCMR OxFFFFFDOA 16 ICEM control mask register 0x0000 16-6
ICEMCR OxFFFFEDOC 16 ICEM control register 0x0000 16-8
ICEMSR OxFFFFEDOE 16 ICEM status register 0x0000 16-10
ICR OxFFFEF302 16 Interrupt control register 0x0000 9-8
IDR OXFFFFF004 32 Silicon ID register 0x56000000 5-5
ILCR OxFFFFF314 16 Interrupt level control register 0x6533 9-19
IMR OxFFFFF304 32 Interrupt mask register OXO0FFFFFF 9-10
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name) (Continued)
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Name Address Width Description Reset Value NE%gbeer
IODCR OxFFFFF008 16 I/O drive control register OX1FFF 5-6
IPR OxFFFFF310 32 Interrupt pending register 0x00000000 9-16
ISR OxFFFFF30C 32 Interrupt status register 0x00000000 9-12
IVR OxFFFFF300 8 Interrupt vector register 0x00 9-7
LACDRC OXFFFFFA23 8 LACD rate control register 0x00 8-16
LBLKC OXFFFFFA1F 8 LCD blink control register Ox7F 8-14
LCKCON OXFFFFFA27 8 LCD clocking control'register 0x00 8-18
LCWCH OxFFFFFA1C 16 LCD cursor width and height register 0x0101 8-14
LCXP OXFFFFFA18 16 LCD cursor X position register 0x0000 8-12
LCYP OXFFFFFA1A 16 LCD cursor Y+position register 0x0000 8-13
LFRCM OXFFFFFA31 8 LCD frame rate'control modulation 0x00 8-19
register
LGPMR OxFFFFFA33 8 LCD gray palette mapping register 0x84 8-20
LPICF OxFFFFFA20 8 LCD panel interface configuration 0x00 8-15
register
LPOLCF OxFFFFFA21 8 LCD polarity configuration register 0x00 8-16
LPOSR OXFFFFFA2D 8 LCD panning offset register 0x00 8-19
LPXCD OXFFFFFA25 8 LCD pixel clock divider register 0x00 8-17
LRRA OXFFFFFA29 8 LCD refresh rate adjustment register OxFF 8-18
LSSA OxFFFFFAO0 32 LCD screen starting address register 0x00000000 8-10
LVPW OXFFFFFAOQ5 8 LCD virtual page width register OxFF 8-11
LXMAX OxFFFFFAOQ8 16 LCD screen width register 0x03F0 8-12
LYMAX OxXFFFFFAOQA 16 LCD screen height register Ox01FF 8-12
NIPR1 OXFFFFF90A 16 UART unit 1 non-integer prescaler 0x0000 14-18
register
NIPR2 OXFFFFF91A 16 UART unit 2 non-integer prescaler 0x0000 14-18
register
PADATA OxFFEFF401 8 Port A data register OxFF 10-6
PADIR OXFFFFF400 8 Port A direction register 0x00 10-6
PAPUEN OXFFFFF402 8 Port A pull-up enable register OxFF 10-6
PBDATA OXFFFFF409 8 Port B data register OxXFF 10-8
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name) (Continued)

Name Address Width Description Reset Value NE;gbeer
PBDIR OXFFFFF408 8 Port B direction register 0x00 10-8
PBPUEN OXFFFFF40A 8 Port B pull-up enable register OxFF 10-8
PBSEL OXFFFFF40B 8 Port B select register OxFF 10-8
PCDATA OxFFFFF411 8 Port C data register 0x00 10-11
PCDIR OXFFFFF410 8 Port C direction register 0x00 10-11
PCPDEN OXFFFFF412 8 Port C pull-down enable register OxFF 10-11
PCR OXFFFFF003 8 Peripheral control register 0x00 5-4
PCSEL OXFFFFF413 8 Port C select register OxFF 10-11
PCTLR OXFFFFF207 8 Power control register Ox1F 4-14
PDDATA OXFFFFF419 8 Port D data register OxFF 10-16
PDDIR OXFFFFF418 8 Port D direction register 0x00 10-16
PDIRQEG OXFFFFF41F 8 Port D interrupt request edge register 0x00 10-16
PDIRQEN OXFFFFF41D 8 Port Drinterrupt request enable 0x00 10-16
register
PDKBEN OXFFFFF41E 8 Port D keyboard enable register 0x00 10-16
PDPOL OXFFFFF41C 8 Port.D polarity register 0x00 10-16
PDPUEN OXFFFFF41A 8 Port D pull-up enable register OxFF 10-16
PDSEL OXFFFFF41B 8 Port D select register 0xFO 10-16
PEDATA OXFFFFF421 8 Port E data register OxFF 10-21
PEDIR OXFFFFF420 8 Port E direction register 0x00 10-21
PEPUEN OXFFFFF422 8 Port E pull-up enable register OxFF 10-21
PESEL OxFFFFF423 8 Port E select register OxFF 10-21
PFDATA OXFFFFF429 8 Port F data register OxXFF 10-25
PFDIR OXFFFFF428 8 Port F direction register 0x00 10-24
PFPUEN OXFFFFF42A 8 Port F pull-up/pull-down enable OxFF 10-27
register
PFSEL OXFFEFF42B 8 Port F select register 0x87 10-27
PGDATA OXFFFFF431 8 Port G data register Ox3F 10-28
PGDIR OXFFFFF430 8 Port G direction register 0x00 10-28
PGPUEN OXFFFFF432 8 Port G pull-up enable register 0x3D 10-30
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name) (Continued)

Name Address Width Description Reset Value NE;gbeer
PGSEL OXFFFFF433 8 Port G select register 0x08 10-31
PJIDATA OxFFFFF439 8 Port J data register OxFF 10-32

PJDIR OxFFFFF438 8 Port J direction register 0x00 10-31
PJPUEN OxFFFFF43A 8 Port J pull-up enable register OxFF 10-33

PJSEL OxFFFFF43B 8 Port J select register OXEF 10-33
PKDATA OXFFFFF441 8 Port K data register OxOF 10-35

PKDIR OXFFFFF440 8 Port K direction register 0x00 10-34
PKPUEN OXFFFFF442 8 Port K pull-up/pull-down enable OxFF 10-36

register

PKSEL OXFFFFF443 8 Port K select register OxFF 10-36
PLLCR OxFFFFF200 16 PLL control register 0x24B3 4-8
PLLFSR OXFFFFF202 16 PLL frequency select register 0x0347 4-10
PMDATA OXFFFFF449 8 Port M data register 0x20 10-38
PMDIR OxFFFFF448 8 Port M-direction register 0x00 10-37

PMPUEN OXFFFFF44A 8 Port M pull-up/pull-down enable O0x3F 10-39
register
PMSEL OXFFFFF44B 8 Port M select register Ox3F 10-40
PWMC1 OxFFFFF500 16 PWM unit 1 control register 0x0020 15-4
PWMC2 OXFFFFF510 16 PWM unit 2 control register 0x0000 15-8
PWMCNT1 OxFFFFF505 8 PWM unit 1 counter register 0x00 15-7
PWMCNT2 OXFFFFF516 16 PWM unit 2 counter register 0x0000 15-10
PWMP1 OxFFFFF504 8 PWM unit 1 period register OxFE 15-7
PWMP2 OxFFFFF512 16 PWM unit 2 period register 0x0000 15-9

PWMR OxFFFFFA36 16 PWM contrast control register 0x0000 8-20
PWMS1 OxFFFFFE502 16 PWM unit 1 sample register OXXXXX 15-6
PWMW2 OxFEFFF514 16 PWM unit 2 width register 0x0000 15-10

RES OXFFEFF204 — Reserved — —
RES OXFFFFF308 32 Reserved — —
RES OXFFFFF403 8 Reserved — —
RES OxFFFFF506 16 Reserved — —
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name) (Continued)

Name Address Width Description Reset Value NE;gbeer
RES OxFFFFFA2B 8 Reserved — —
RES OxFFFFFC80 — Reserved — —

RMCR OXFFFFFA38 8 Refresh mode control register 0x00 8-21

RTCALRM OxFFFFFBO4 32 RTC alarm register 0x00000000 11-3
RTCCTL OxFFFFFBOC 8 RTC control register 0x0080 11-10
RTCIENR OxFFFFFB10 16 RTC interrupt enable register 0x0000 11-12
RTCISR OxFFFFFBOE 16 RTC interrupt status register 0x0000 11-10
RTCTIME OxFFFFFBOO 32 RTC time of day register OXXXXX00XX 11-3

SCR OXFFFFF000 8 System control register 0x1C 5-2

SDCTRL OxFFFFFCO04 16 SDRAM control register 0x003C 7-16

SDPWDN OXFFFFFCO06 16 SDRAM power‘down register 0x0000 7-18

SPICONT1 OxFFFFF704 16 SPI unit 1 control/status register 0x0000 13-6

SPICONT2 OxFFFFF802 16 SPI unit 2 control/status register 0x0000 13-15

SPIDATA2 OxFFFFF800 16 SPI unit 2 data register 0x0000 13-14
SPIINTCS OXFFFFF706 16 SPl/unit 1 interrupt control/status 0x0000 13-8

register
SPIRXD OXFFFFF700 16 SPI unit 1 receive data register 0x0000 13-4
SPISPC OXFFFFF70A 16 SPI unit 1 sample period control 0x0000 13-11
register
SPITEST OxFFFFF708 16 SPI unit 1 test register 0x0000 13-10
SPITXD OXFFFFF702 16 SPI unit 1 transmit data register 0x0000 13-5
STPWCH OXFFFFFB12 8 Stopwatch minutes register 0x003F 11-14
TCMP1 OXFFFFF604 16 Timer unit 1 compare register OXFFFF 12-9
TCMP2 OxFFFFF614 16 Timer unit 2 compare register OXFFFF 12-9

TCN1 OxFFFFF608 16 Timer unit 1 counter register 0x0000 12-11

TCN2 OXFFFFF618 16 Timer unit 2 counter register 0x0000 12-10

TCR1 OXFFFFF606 16 Timer unit 1 capture register 0x0000 12-10

TCR2 OXFFFFF616 16 Timer unit 2 capture register 0x0000 12-10

TCTL1 OXFFFFF600 16 Timer unit 1 control register 0x0000 12-6

TCTL2 OxFFFFF610 16 Timer unit 2 control register 0x0000 12-6
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Table 3-2. Programmer’s Memory Map (Sorted by Register Name) (Continued)

Name Address Width Description Reset Value NE%gbeer
TPRER1 OXFFFFF602 16 Timer unit 1 prescaler register 0x0000 12-8
TPRER2 OXFFFFF612 16 Timer unit 2 prescaler register 0x0000 12-8
TSTAT1 OXFFFFF60A 16 Timer unit 1 status register 0x0000 12-12
TSTAT2 OxFFFFF61A 16 Timer unit 2 status register 0x0000 12-12
UBAUD1 OXFFFFF902 16 UART unit 1 baud control register 0x003F 14-12
UBAUD2 OXFFFFF912 16 UART unit 2 baud controlregister 0x003F 14-12
UMISC1 OXFFFFF908 16 UART unit 1 miscellaneous register 0x0000 14-16
UMISC2 OxXFFFFF918 16 UART unit 2 miscellaneous register 0x0000 14-16

URX1 OXFFFFF904 16 UART unit 1 receiver register 0x0000 14-13

URX2 OXFFFFF914 16 UART unit 2 receiver register 0x0000 14-13

USTCNT1 OXFFFFF900 16 UART unit 1 status/control register 0x0000 14-10
USTCNT2 OXFFFFF910 16 UART unit 2 status/control register 0x0000 14-10
UTX1 OXFFFFF906 16 UART wnit-1 transmitter register 0x0000 14-14
UTXx2 OXFFFFF916 16 UART unit 2 transmitter register 0x0000 14-14
WATCHDOG OxFFFFFBOA 16 Watchdog timer register 0x0001 11-4
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Chapter 4
Clock Generation Module-and Power
Control Module

This chapter describes the clock generation module (CGM) and power control module (PCM). The
description of both modules comprises a single chapter because their operation is so closely integrated.
The programmability of theindividua clock signals makesthe CGM a flexible clock source for the
MC68VZ328 and its associated peripherals.

The CGM uses alow-frequency oscillator in conjunction with a multiplier/divider chain to produce the
clock signal's used throughout the MC68V 2328 integrated processor. The frequency of al clock signals
(except the low-frequency reference) are individually selectable through software control. The

MC68V 2328 has four different power modes to provide optimum power efficiency.

The PCM controls the power consumption of the CPU. by applying clock signals to the CPU at reduced
burst widths. For maximum power savings, the MC68V 2328 can be placed in sleep mode in which all
clocks (except for the low-frequency clock) are disabled.

NOTE:

The CGM module is designated as the PLL module in earlier versions of
the DragonBall family. The nomenclature changed from PLL to CGM to
be consistent with Motoralanaming and standards conventions. The term
PLL isused only to describe the actual PLL circuit within the CGM.
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4.1 Introduction to the Clock Generation Module

The CGM produces four clock signals:

e CLK32—A low-frequency reference clock used by almost every module

- DMACLK—Used to create the remaining two clocks, and serves as DMA clock for the LCD
controller

e« SYSCLK—Used by most modules, including the CPU
e LCDCLK—Used as reference by the LCD

The distribution of the clock signals generated by the CGM is shown in Table 4-1. With the exception of
the CLK32 signal, the frequency of the clock signals can be.individually programmed.

Table 4-1. CGM Clock Signal Distribution

Used by or Available To CLK32 | SYSCLK"| DMACLK | LCDCLK
CLKO/PF2 pin X
DRAM controller X X X
LCD controller X X
PCM X
PWM X X
RTC X
SPIs X
Timers X X
UARTs X
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4.2 CGM Operational Overview

The CGM consists of six mgjor parts, as shown in the simplified block diagram in Figure 4-1. The clock
source for the CGM is acrystal oscillator that is comprised of an external crystal connected to the internal
XTAL oscillator circuit. The output of the X TAL oscillator isthe CLK 32 signal, whose frequency is
determined by the frequency of the external crystal. The CLK 32 clock signal serves as a source for the
PLL and many other modules within the MC68V Z328.

The output frequency of the PLL (PLLCLK) is determined by the frequency of CLK 32 and by the values
of the PC and QC fields of the PLL frequency select register (PLLFSR)-The output of the PLL is applied
to adivider chain composed of two prescalers. The PLLCLK clock isfirst input into prescaler 1. Its output
frequency is selected by the prescaler select 1 (PRESCL1) bit in the PLLCR. The output of the prescaler 1
(PR1CLK) isapplied to prescaler 2, whose output frequency (DMACLK) is controlled by the prescaler
select 2 (PRESC2) bit in the PLLCR. The DMACLK signal is applied to the LCD controller in the
MC68V 2328 and also serves as the clock source for the LCD clock divider and the SY SCLK divider.

The output of the LCD clock divider is LCDCLK, whose frequency is controlled by the LCD clock
selection (LCDCLK) field in the PLLCR. The LCDCLK signal is only used by the LCD controller. The
SYSCLK divider producesa SY SCLK clock signal that isused throughout the MC68VZ328. SYSCLK is
also used asthe CPU clock signal (CPUCLK) by the internal FLX68000 CPU. SY SCLK isthe only
CGM-generated clock signal that can be made available to.external devices viathe buffered output of the
clock out/Port F bit 2 pin (CLKO/PF2). See Section.10:4.7.3, “Port F Dedicated I/O Functions,” on
page 10-26 for more information. The output is available when the clock enable bit of the PLLCR is
enabled and bit 2 in the Port F select register (PFSEL) is cleared.

PLLCR
| DSPL PRESC1 ‘ PRESC?2 ‘LCDCLK SEL‘SYSCLK SEL| CLKEN |
\i
> PLLCLK
PLL )
A L(:D?Vi((:j'gfk » LCDCLK
pC \ Y ]
PLLFSR -
Prescaler 1 » Prescaler 2 » DMACLK
Y
PR1CLK
| syscLk -
CLK32 ™ “Divider » SYSCLK
EXTAL
XTAL .
Oscillator > CLK32
XTAL
Figure 4-1. "Clock Generation Module (CGM) Simplified Block Diagram
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4.3 Detailed CGM Clock Descriptions

Section 4.3.1, “CLK32 Clock Signal,” and Section 4.3.2, “PLLCLK Clock Signal,” describe in detail the
operation of each clock signal produced by the CGM.

4.3.1 CLK32 Clock Signal

The low-frequency output of the XTAL oscillator (CLK32) is available within a few hundred milliseconds
after initial power is applied to the circuit. The frequency of the CLK32 signal is determined by the
frequency of the external crystal. The CGM supports either a:32.768 kHz or a 38.4 kHz crystal.

NOTE:

Regardless of the crystal frequency used, the output is always labeled
CLK32.

Figure 4-2 represents a suggestion of how a crystal may be connected to the MC68VZ328. The values of
C1l and C2in Figure 4-2 are determined by using the crystal load capacitance (CL), PCB stray capacitance,
Cstray (measured or approximated), and DragonBall-input capacitance (Cdbvz << 1.0 pf) according to the
following formula:

CL = Cstray + Cdbvz + (C1 *C2) / (C1 + C2) Eqgn. 4-1

Typical design values are C1 = C2 = 20 pf. The user should consult the crystal manufacturer for
appropriate circuit layout and circuit values.

The CLK32 clock signal is unique in that while'the other clock sources are disabled when the MC68VZ328
is placed in sleep mode, the CLK32 clock is'available as long as power is applied. See Section 4.5.1.4,
“Sleep Mode,” for detailed information on sleep mode.

MC68VZ328

» EXTAL

Crystal
32.768 kHz or
38.4 kHz

XTAL

—_—.C1* c2*

*See Equation 4-1 for design values.

IR

Figure 4-2. Example of External Crystal Connection

4.3.2 PLLCLK Clock Signal

The PLL output frequency, PLL clock (PLLCLK), is determined by a combination of the CLK32 signal’s
input frequency and'the values in the PC and QC fields of the PLLFSR. Section 4.3.2.2, “PLL Frequency
Selection,” describes the procedure for frequency selection.
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4.3.2.1 PLLCLK Initial Power-up Sequence

Refer to Figure 4-3 for agraphical representation of the following power-up sequence description. When
power isinitially applied to the MC68V 2328, the X TAL oscillator beginstoroscillate. Due to the
low-power design on the oscillator pads, the RESET signal must be asserted-(low) for at least 1.2 sto
ensure that the crystal oscillator starts and stabilizes. Thisisasignificant change from the 250 ms required
with the previous DragonBall and DragonBall EZ processors. The length-of the delay (1.2 s) isan
approximate value and should only be used as a starting point. The RESET pin (input) is a Schmitt trigger
device with athreshold of 1.4 V highand 1.0V low.

NOTE:

On power up, the RESET signal should be deasserted after the crystal has
energized and its output has stabilized, as shown inFigure 4-3. While most
crystal oscillators typically operate with a value of 1.2 seconds, the
optimum value will be determined experimentaly. Due to the inherent
nature of crystals, refer to manufacturers documentation for optimum
circuit design information.

After RESET is deasserted, the PLLCLK signal is availableto the divider chain, resulting in the
availability of DMACLK from prescaler 2.

12s ————»
VDD
RESET e

S T

Figure 4-3. Initial Power-up Sequence Timing
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4.3.2.2 PLL Frequency Selection

Using the default settings for the PC and QC fields of the PLLFSR and a CLK 32 input frequency of
32.768 kHz produces a PLLCLK output of 66.322 MHz. For a 38.400 kHz crystal, the same defaullt
settings produce a 77.722 MHz PLLCLK. The PLLCLK clock is phase locked to the CLK 32 clock input
signal.

WARNING:

The value of prescaler 1 must always be set to divide-by-two to prevent
DMACLK and SY SCLK from operating beyond their design limits.

The PLL uses a dual-modulus counter to multiply the CLK 32 frequency before it isinput to the prescaler
and therest of the divider chain. Dual-modulus counters operate differently from other countersin that the
overall multiplication ratio depends on two separate values, PC and.QC.

In the following equation, the value of Q isdefined as 1 < Q <14, and the value of Pis defined as
P>Q+1.

Multiplier = 2(14(P+1)+Q+ 1) Eqgn. 4-2
For example, if Q = 3 and P = 71, then the following equations obtain:
Multiplier=2* (14 (71+ 1) + 3+ 1) = 2* (1008 + 4) = 2024
2024 * 32.768 kHz = 66.322432 MHz

The default multiplier value is 2024. Using any multiplier equal to or greater than 794 (decimal) allows
changing the PLLCLK in 32.768 kHz or 38.4 kHz:steps. The minimum PC and QC vaues are P = 0x1B
and Q = 0x04 (which produce amultiplier of 794'decimal).

4.3.2.3 PLLCLK Frequency Selection Programming Example

Example 4-1 on page 4-7 demonstrates the recommended sequence of events to change the PLLCLK
frequency. The assumptions are:

« All peripherals have been disabled using chip-select. See Chapter 6, “Chip-Select Logic,” for
details.

e SYSCLK is operating at the highest possible frequency (SYSCLK SEL = 100).

In Example 4-1, the variable NEWFREQ is the new frequency value (P and Q values) to be programmed.
The MC68VZ328 is placed in sleep mode before the stop command. See Section 4.5.1.4, “Sleep Mode,”
for detailed information about/sleep modes. This routine enables the timer to wake up the PLL after 96
CLK32 periods. When the PLL wakes up, it will be at the new frequency. The interrupt service routine for
the temporary timer interrupt should clear the timer interrupt and then return. In addition, the PLLCLK
should only be changed during an early phase of the boot-up sequence.

NOTE:
Example 4-1 is designed for clarity, and is not necessarily efficient.
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Example 4-1. Configuring the PLLCLK Frequency

NEWFREQ equ soneval ue ; P and Q val ue of new frequency
PLLOONTRCL equ $FFFFF200 ; PLL Control Register
PLLFREQ equ $FFFFF202 ; PLL Frequency Control/ Regi ster
TOOMPARE equ $FFFFF604 ; Timer Conpare Val ue Regi ster
TOONTRCL equ $FFFFF600 ; Timer Control Register
I MR equ $FFFFF304 ;Interrupt Mask Regi'ster
move.l IMR -(SP) ;save the Interrupt Mask register
nove. | #$fffffffd, I MR ;enabl e ONLY Ti ner interrupt
nove. w #$0001, TOOWARE ; set conpare val ue.to 2
nove. w #$0119, TOONTRCL ;enable Timer 2 with QK32 source
SYNC1 btst.b #$7, PLLFREQ ; synchroni ze t0.CtK32 high |evel
beq. s SYNCL ; ALK32 is still not high, go back
SYNCR2 btst.b #$7, PLLFREQ ; synchroni ze to.CLK32 | ow | evel
bne.s SYNC2 ; ALK32 is still. not | ow, go back
nove. w #NEWFREQ PLLFREQ ;| oad the new frequency
ori.b #$8, PLLOONTROL+1 ;disable the PLL (in 30 cl ocks)-sl eep node
stop #%$2000 ;stop, enable all interrupts

; the PLL shuts down here and waits for the Tinmer interrupt

; interrupt service for Tiner occurs here
nmove. w (SP) +, | MR ;restorethe Interrupt Mask Register
rts ;PLL i s now at the new frequency

; The PLL has reacquired | ock and SYSCLK i s stabl e

4.3.2.4 Programming Considerations When Changing Frequencies

The following information is provided to assist the user in programming the MC68V Z328.

* When programming the SYSCLK frequency, ensure that it does not exceed 33.161216 MHz at any
time.

* Since the PRESC1 and PRESC2;hits are set to %1 by default, the DMACLK output is
approximately 16 MHz.

e Because most of the modules—such as the UART, SPI, general-purpose timers, and PWM—use the
SYSCLK for bit-rate generation, changing the PLLCLK frequency will also change SYSCLK and
overall system timing (except for CLK32). Therefore, once a PLLCLK frequency is selected, it
should not be changed during system operation.

» To reduce power consumption, the output of the PLL can be disabled using the DISPLL bit in the
PLL control register, which places the chip in sleep mode. See Section 4.5.1.4, “Sleep Mode,” for
more details. When the MC68VZ328 is awakened from sleep mode by a wake-up event, the PLL
output (PLLCLK) is available after a delay determined by the setting in the WKSEL field of
PLLCR. Unlike the initial' power-up sequence, the crystal oscillator is already on, so the crystal
startup time is not a-factor.
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4.4 CGM Programming Model

This section describes the two registers that enable and control the frequency of the CGM clocks.

4.4.1 PLL Control Register

The PLL control register (PLLCR) controls the frequency selection of the LCDCLK, SYSCLK, and
DMACLK. It also enables the output of the PLL and clock out/Port F pin 2 (CLKO/PF2). The settings for
each bit and field in the register are described in Table 4-2.

PLLCR PLL Control Register OxFFFFF200
BIT BIT

s 14 13 12 11 10 9 8 7 6 5 4 3 2 1 5
\ LCDCLK SEL \ SYSCLK SEL \ PRESC1 \ } PRESC2 \ CLKEN \ DISPLL \ \ WKSEL \

TYPE w rw rw w - rw w rw w rw w rw

o 1 0 0 1 0 o0 1 0 1 1 0 o 1 1

RESET
0x24B3

Table 4-2. PLL Control Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15-14 0.
LCDCLK SEL LCD Clock Select—This field controls the 000 = DMACLK =+ 2.
Bits 13-11 divide ratio used by the LCD clock divider to 001 = DMACLK =+ 4.
convert DMACLK to LCDCLK. This field can 010 = DMACLK = 8.
be changed at any time. 011 = DMACLK =+ 16.

1xx = DMACLK + 1 (%100 after reset).

SYSCLK SEL System Clock Select—This field controls the | 000 = DMACLK =+ 2.

Bits 10-8 divide ratio used by the SYSCLK divider to 001 = DMACLK = 4.

convert DMACLK to SYSCLK. This field can 010 = DMACLK = 8.

be changed at any time. 011 = DMACLK =+ 16.

1xx = DMACLK + 1 (%100 after reset).

PRESC1 Prescaler 1 Select—This bit selects the divide | 0 = PLLCLK =+ 1.
Bit 7 ratio of the prescaler 1. 1 =PLLCLK + 2 (default).
Reserved Reserved This bit is reserved and should be set to 0.
Bit 6
PRESC2 Prescaler 2'Select—This bit selects the divide | 0 = PR1ICLK + 1.
Bit 5 ratio used.by the prescaler 2 to divide the out- | 1 =PR1CLK + 2 (default).

put of prescaler 1, producing DMACLK. This
field.can be changed at any time.

CLKEN Clock Enable—This bit enables the buffered 0 = CLKO enabled.
Bit 4 output of the SYSCLK at the CLKO/PF2 pin 1 = CLKO disabled (default).
when bit 2 of the PFSEL register is also
cleared.
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Table 4-2. PLL Control Register Description (Continued)

Name Description Setting
DISPLL Disable PLL—This bit, when set, disables the | 0 = PLL enabled (default).
Bit 3 output of the PLL, placing the chip in sleep 1 =PLL disabled.

mode, its lowest power state.

Reserved Reserved This bit is reserved and should be set to 0.
Bit 2
WKSEL Wake-up Clock Select—This field selects the | See Table 4-3 for delay settings.
Bits 1-0 delay of the PLL output from the initiation of

the wake up until an output is available. Since
the delay time is calculated by counting CLK32
cycles, the frequency of the crystal oscillator
will determine the amount of delay that each
setting produces.

Table 4-3. WKSEL Field (PLLCR) Delay Settings

Bits 1-0 | CLK32 Periods Dem}{;;g’ggske;:)”ds Delay 228'\_’2”5:;)0”"5
00 32 0.976 0.833
01 48 1.465 1.250
10 64 1.953 1.667
11 96 2.93 (default) 2.500 (default)
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4.4.2 PLL Frequency Select Register

The PLL frequency select register (PLLFSR) controls the two dividers of the dual-modulus counter. It also

contains the write-protect bit for the QC and PC counters and the CLK 32 status bit. Although PLLFSR

register can be accessed in bytes, it should always be written as a 16-bit word:The settings for each bit and

field in theregister is described in Table 4-4.

PLLFSR PLL Frequency Select Register Ox(FF)FFF202
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
\ CLK32 \ PROT \ \ Qc \ PC
TYPE rw* rw rw rw rw w _rw rw rw rwrwrw w
0 0 0 0 0 1 1 0 1 0 0 0 1 1 1
RESET
0x0347
*This bit can be set by software but is cleared only by reset.
Table 4-4. PLL Frequency Select Register Settings
Name Description Setting

CLK32 Clock32 Status—This read-only bit indicates 0 = CLK32 low.
Bit 15 the status of the CLK32 clock signal. The bit 1 = CLK32 high.

switches with each cycle of the CLK32 clock.
PROT Protect Bit—This bit write protects'the QC 0 = PLLFSR is not protected.
Bit 14 and PC fields of the PLLFSR. After this bit is 1 = PLLFSR is write protected.

set by software, the register is write protected

until a reset clears this bit.
Reserved Reserved These bits are reserved and must remain at
Bits 13-12 their default value.
QC Q Counter—This field contains the Q value Field value range is 1 < Q < 14.
Bits 11-8 that is used by the PLL to.produce the

PLLCLK.
PC P Counter—This field contains the P value Field value rangeis P > Q + 1.
Bits 7-0 that is used by the PLL to produce the

PLLCLK.

4.5 Introduction to the Power Control Module

The purpose of the power control module (PCM) is to optimize the power consumption of the FL X68000

CPU by turning the CPU off for a programmed number of clock pulses. The CPU consumes more power
than any component inthe MC68V Z328, so to conserve power while the CPU isrelatively idle, the PCM
can disable the CPU clock or apply the clock in bursts. When the MC68V 2328 isin one of these

reduced-power modes, it is restored to normal operation by awake-up event. When this occurs, the clock is
immediately enabled;.allowing the CPU to service the request. The DMA controller is not affected by the

PCM having full access to the bus while the CPU isidle, keeping the LCD screen refreshed.
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4.5.1 Operating the PCM

The power control module has four modes of operation: normal, burst, doze and sleep. In normal mode, the
PCM is off. The MC68V Z328 enters burst mode when the PCM is enabled. In-burst mode, the PCM
controls the burst width of the CPUCLK signal to the CPU. If the burst width-of the CPU clock is reduced

to zero, CPUCLK isdisabled and the MC68V 2328 isin doze mode. The lowest power mode setting is

sleep mode. It is entered by setting the disable PLL (DISPLL) bit in the PLLCR, which disables the PLL
and thus disables every clock signa inthe CGM except CLK32. Section 4.5.1.1, “Normal Mode,” through
Section 4.5.1.4, “Sleep Mode,” give detailed information about each of the four power modes.

45.1.1 Normal Mode

After reset, the PCM is disabled, the CPU clock runs continuously, and the MC68VZ328 consumes
maximum power. This is normal mode.

45.1.2 Burst Mode

Setting the PCEN bit in the power control register (PCTRL) enables the PCM, causing the clock burst
width of the CPU clock to be under the control of the PCTLR WIDTH settings in increments of 3 percent
(one thirty-first of a cycle). Initially, the burst width is.set to 100 percent. Software can then change the
burst width to a lower value, and the clock is applied to the CPU in bursts. The burst-width register can be
programmed for burst widths of any value between zero thirty-firsts and thirty-one thirty-firsts. This
effectively produces a system clock with a variable burst width (and power dissipation) between 3 percent
and 100 percent in incremental steps of 3 percent.

When the PCM is enabled, if a wake-up event is received, the PCM is immediately disabled, restoring the
continuous CPU clock. It is the responsibility of the wake-up service routine to reenable the PCM.

45.1.3 Doze Mode

Setting the width field of PCTLR to %00000 reduces the burst width of the CPU clock to zero, causing the
MC68VZ328 to enter doze mode. As with burst mode, the CPUCLK is immediately enabled when it
receives a wake-up event. At the end of the service routine, the PCM can be reenabled with a width of
%00000, putting the CPU back intordoze mode. Once the CPU is placed in doze mode, only a wake-up
event or hardware reset will reenable it.

NOTE:

The most effective power-control strategy is to run the CPU in normal
mode until CPU action is not needed and then to enter doze mode by
writing 0x80.into the PCTLR. This disables the CPU clock at the earliest
possible moment, but allows the CPU to immediately respond to wake-up
events. The peripheral devices, including the LCD controller, are not
affected/by the PCM.
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4.5.1.4 Sleep Mode

Unlike burst or doze mode, sleep mode disables al of the clocks in the MC68V Z328 with the exception of
the CLK32. The output of the PLL in the CGM is disabled in sleep mode through setting the DISPLL bitin
the PLLCR register. Only the 32 kHz clock worksto keep the real-time clock-operational. Wake-up events
activate the PLL, and the system clock starts operating after a delay determined by the WK SEL setting in
the PLLCR.

Other events that occur during sleep mode include:
< All Address Bus signals are in the active state of the last bus cycle.
e All data bus pins (D15-D0) are individually pulled up with' 1-megaohm resistors.

« If CLK32 is selected as the clock source, the general-purpose timer operates even while the PLL is
in sleep mode.

e The RTC interrupt status register can post interruptswhile the system clock is in doze or sleep mode.

4.5.2 CGM Operation During Sleep.Mode

Shutting down the PLL to place the system in sleep.mode is similar to the process used to change the
frequency. The difference is that the system can be-awakened only by a wake-up event or reset. Before
shutting the PLL down, make sure that all peripheral devices are prepared for shutdown. The PLL shuts
down 30 clock cycles of SYSCLK after the DISPLL bit is set in the PLLCR, allowing sufficient time to
execute the stop instruction. When a wake-up_event occurs, the PLL is enabled, and after a delay
determined by the WKSEL setting in the PLLCR, the PLLCLK begins, as do as the rest of the clocks in the
divider chain of the CGM. The CPU executes;an interrupt service routine for the level of the wake-up
event.

After the rte instruction in the wake-up service routine, the CPU returns and starts execution on the
instruction following the stop instruction.'Example 4-2 illustrates a typical shutdown sequence. It assumes
that all peripherals have been shut down before the PLL is stopped.

Example 4-2. Shutdown Example

| RQVASK equ wake- up_nask_| evel

ori.b #$8, PLLOONTROL+1 ;disable the PLL (in 30 cl ocks)
stop #l RQVASK ; stop, enabl e wake-up events

;the PLL shuts down here
; The PLL has reacquired | ock and SYSCLK i s stabl e
;interrupt service occurs here

rts ;the systemis operating

4.5.3 Burst Mode Operation

Figure 4-4 on page 4-13 shows a simplified block diagram of the PCM. When operating at 100 percent, the
SYSCLK input is unaffected by burst-width control appearing as CPUCLK from the clock control. When a
value has been placed in the width field of the PCTLR, the burst-width control allows the SYSCLK signal
through to the clock.control until the CPU clock’s time slot has expired and is to be disabled. At that time
the clock control requests the bus from the CPU. After the bus is granted, the CPUCLK stops. A bus grant
to the DMA controller is asserted, allowing the DMA controller complete access to the bus.
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CPU Bus CPU Bus
Request Grant CPU Bus

bt

CPU Interface

A
A

A
A

CLK32 —> -Wi
Burst-Width - Clock L » CPUCLK
SYSCLK » Control Control
\ ¢
PCTLR Grant
Wake-up DMA Bus
Request

Figure 4-4. Power Control Module Block Diagram

If awake-up event occurs while CPUCLK is disabled, thePCM is disabled and CPUCLK isimmediately
restored, allowing the CPU to process the event. The DMA controller always has priority, so if aDMA
accessisin progress, the CPU will wait until the DM A controller has completed its access before servicing
the wake-up routine. Note that the LCD DMA controller has accessto the bus at all times and the SY SCLK
(master clock to al peripherals) is continuously active.

Figure 4-5 illustrates how the PCM operates. Asdescribed previously, awidth setting of %11111
represents 31 periods of CLK 32, or approximately-1 ms. In this example, thewidth settinginthe PCTLR is
00011. The clock bursts are applied at a burst width of three thirty-firsts, or approximately at 10 percent on
time, making the CPU active about 10 percent.of the time. The remainder of the time, the CPU isin doze
mode. When awake-up event occurs, CPUCLK immediately returnsto 100 percent so the CPU can service
the wake-up event interrupt.

31 cycles
1ms

CLK32
PCEN Enabled | Disabled
SYSCLK

Clock Burst Width = %00011
-

crveu ] i W
¢ i ¢ ¢ f

CPU Active CPU Inactive CPU Active CPU Inactive CPU Active Wake-up Event

Figure 4-5. Power Control Operation in Burst Mode
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4.5.4 Power Control Register

The power control register (PCTLR) enables the power control module and determines when the CPUCLK
signal is applied to the CPU. The settings for each bit and field in the register are described in Table 4-5.

PCTLR Power Control Register Ox(FF)FFF207
BIT 7 6 5 4 3 2 1 BITO
PCEN | | WIDTH
TYPE rw rw w w rw rw
0 0 0 1 1 1 1 1
RESET
Ox1F
Table 4-5. Power Control Register-Description
Name Description Setting

PCEN Power Control Enable—This bit controls the 0 = Power control is disabled (default).

Bit 7 operation of the power control module. While 1 = Power control is enabled.
this bit is low, the CPU clock is on continu-
ously. When this bit is high, the pulse-width
comparator presents the clock to the CPU.in
bursts or disables it. When this bit is high, a
masked interrupt can disable the power.control
module.

Reserved Reserved These bits are reserved and should remain set

Bits 6-5 to 0.

WIDTH Width—This field controls the width of the 00000 = 0/31 clock burst width.

Bits 4-0 CPU clock bursts in increments of one 00001 = 1/31 clock burst width.
thirty-first. While this bit is set to 1 and the 00010 = 2/31 clock burst width.
PCM is enabled, the clock is‘applied to the
CPU in burst widths of one thirty-first (3 per-
cent). When the width field.is Ox1F, the clockis | .
always on, and when it is 0, the clock is always | 11111 = 31/31 clock burst width.
off. You can immediately wake it up again with-
out waiting for the PLL to reacquire lock. The
contents of this field are not affected by the
PCEN bit. When an interrupt disables the
power control module, these bits are not
changed.
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Chapter 5
System Control

This chapter describes the system control register of the MC68V Z328 microprocessor. The system control
register enables system software to control and customize the following functions:

e Access permission from the internal peripheral registers
« Address space of the internal peripheral registers
« Bus time-out control and status (bus error generator)

5.1 System Control Operation

The on-chip resources use a reserved 4,096-byte block of address space for their registers. This block is
mapped beginning at location OxXFFFFFO00 (32-bit) or OXXXFFFO00O0 (24-bit, where XX is “don’t care”) on
reset. The DMAP bit in the system control register disables double mapping in a 32-bit system. If this bit is
cleared, the on-chip peripheral registers appear only at the top of the 4 Gbyte address range starting at
OxFFFFF000.

The system control register provides control of system operation functions such as bus interface and
watchdog protection. The system control.register contains status bits that allow exception handler code to
interrogate the cause of both exceptions and resets. The bus time-out monitor and the watchdog timer
provide system protection. The bus time-out monitor generates a bus error when a bus cycle is not
terminated by the DTACIsignal after128 clock cycles have elapsed.

5.1.1 Bus Monitors and Watchdog Timers

The bus error time-out logic consists of a bus time-out monitor that, when enabled, begins to count clock
cycles as the internal Agin is asserted for internal or external bus accesses. The deassertion of AS
normally terminates the count, but if the count reaches terminal count befiselé&sserted, BERR

asserted until A$ deasserted. The bus error time-out logic consists of 1 control bit and 1 status bit in the
system control register. The BETO bit in the system control register is set after a bus time out, which may
indicate a write-protectviolation or privilege.

The watchdog timer resets the MC68VZ328 if it is enabled and not cleared or disabled before reaching
terminal count. The watchdog timer is enabled at reset.

(M) moToroLa System Control 51

For More Information On This Product,
Go to: www.freescale.com



Programming Model Freescale Semiconductor, Inc.

5.2 Programming Model

The following sections provide detailed programming information about the system control register and
the other registers associated with its operation.

5.2.1 System Control Register

The 8-bit read/write system control register (SCR) resides at the address OXFFFFFO00 or OxX X FFF000

(where XX is“don’t care”) after reset. The SCR and all other internal registers cannot be accessed in the
68000’'s user mode if the SO bit is set to 1. The bit assignments for the register are shown in the following
register display. The settings for the bits in the register are listed in Table 5-1.

SCR System Control Register Ox(FF)FFFO000
BIT7 6 5 4 3 2 1 BITO
BETO ‘ WPV ‘ PRV ‘ BETEN ‘ SO DMAP ‘ ‘ WDTHS8 ‘
TYPE w w rw rw w rw rw
0 0 0 1 1 1 0 0
RESET
0x1C

Table 5-1. System Control Register Description

Name Description Setting

BETO Bus Error Time Out—This status bit indicates 0 = A bus-error-timer time out did not occur.

Bit 7 whether or not a bus-error-timer time out has 1 = A bus-error-timer time out has occurred
occurred. When a bus cycle is not'terminated by because an undecoded address space has
the DTACK signal after 128 clock cycles have been accessed or because a write-protect or
elapsed, the BETO bit is set. However, the privilege violation has occurred.

BETEN bit must be set for a bus'error time out to
occur. This bit is cleared by writing a 1 (writing a
0 has no effect).

WPV Write-Protect Violation—=This status bit indi- 0 = A write-protect violation did not occur.
Bit 6 cates that a write-protect violation has occurred. 1 = A write-protect violation has occurred.
If a write-protect violation occurs and the BETEN
bit is not set, the current bus cycle will not termi-
nate. The BETEN bit must be set for a bus error
exception to occur during a write-protect viola-
tion. This bit is cleared by writing a 1 (writing a 0
has no effect).

PRV Privilege Violation—This status bit indicates 0 = A privilege violation did not occur.
Bit 5 that if a privilege violation occurs and the BETEN | 1 = A privilege violation has occurred.
bit is not set, the cycle will not terminate. The
BETEN bit.must be set for a bus error exception
to occur during a privilege violation. This bit is
cleared by writing a 1 (writing a 0 has no effect).

BETEN Bus Error Time-Out Enable—This control bit 0 = Disable the bus error timer.
Bit 4 enables the bus error timer. 1 = Enable the bus error timer.
SO Supervisor Only—This control bit limits on-chip | 0 = User and supervisor mode.
Bit 3 registers to supervisor accesses only. 1 = Supervisor-only mode.
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Table 5-1. System Control Register Description (Continued)

Programming Model

Name Description Setting
DMAP Double Map—This control bit controls the 0 = The on-chip registers are mapped at
Bit 2 double-mapping function. OXFFFFFO00-0xFFFFFFFF.
1 = The on-chip-registers are mapped at

OXFFFFFO00—-OXFFFFFFFF and
OXXXFFFO00—0xXXFFFFF (XX = “don’t
care”).

Reserved | Reserved This bit is reserved and reads 0.

Bit 1

WDTHS8 8-Bit Width Select—This control bit allows the 0 = Not an 8-bit system.

Bit 0 D[7:0] pins to be used for Port A input/output. 1 ='8-hit system.
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5.2.2 Peripheral Control Register

This register controls the PWM logical block operation, timer TIN/TOUT signal, and UART UCLK
signal. The bit assignments for the register are shown in the following register.display. The settings for the
bitsin the register are listed in Table 5-2.

Freescale Semiconductor, Inc.

PCR Peripheral Control Register Ox(FF)FFF003
BIT 7 6 5 4 3 2 1 BIT O
| UCLK | P[L:0] | T[1:0] |
TYPE rw rw rw rw rw
0 0 0 0 0 0 0 0
RESET
0x00
Table 5-2. Peripheral Control Register Description
Name Description Setting
Reserved | Reserved Do not use these bits.
Bits 7-5
UCLK UART Clock Pin Configuration—When UCLK 0 = UCLK pin is connected to UART 1.
Bit 4 of UART 1 and UART 2 is configured to output 1 = UCLK pin is connected to UART 2.
signal, this bit selects UART 1's or UART2’s
UCLK for UCLK pin output. When UCLK of
UART 1 and UART 2 is configured as input, this
bit is “don’t care,” and UCLK pin is an/input signal.
P[1:0] PWM Outputs Logic Operation—These bits 00 = 8-bit PWM out only (default).
Bits 3—-2 select the logical combination for final PWM pin 01 = 16-bit PWM out only.
output. 10 = Logic OR of both PWM outputs.
11 = Logic AND of both PWM outputs.
T[1:0] TIN/TOUT Signal Configuration—These 2 bits 00 = TIN/TOUT is connected to Timer 1.
Bits 1-0 are used to configure the external TIN/TOUT sig- | 01 = TIN/TOUT is connected to Timer 2.
nal when pin PB6/TIN/TOUT is selected as 10 = Timer 2 OUT -> Timer 1 IN; TIN -> Timer 2
TIN/TOUT function. For detailed information on (DIR6 = 0), or TOUT -> Timer 1 (DIR6 = 1).
using this function, see Section 12.1.4, 11 = Timer 1 OUT -> Timer 2 IN; TIN -> Timer 1
“TOUT/TIN/PB6 Pin,” on'page 12-3. (DIR6 = 0), or TOUT -> Timer 2 (DIR6 = 1).
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5.2.3 ID Register

This 32-bit read-only register shows the chip identification. The bit assignments for the register are shown
in the following register display. The settings for the bitsin the register are listed in Table 5-3.

IDR ID Register Ox(FF)FFF004
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT 16
‘ CHIPID ‘ MASKID ‘
TYPE r r r r r r r r r r r r r r r r
0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0
RESET
0x5600
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
SWID
TYPE r r r r r r r r r r r r r r r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 5-3. ID Register Description

Name Description Setting
CHIPID Chip ID Field—This field contains the chip identification number for the See description
Bits 31-24 DragonBall series MPU.

MASKID Maskset ID Field—This field contains the maskset number for the silicon. See description
Bits 23-16

SWID Software ID—This field contains the custom software ID. It is normally “0000.” | See description
Bits 15-0
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5.2.4 1/O Drive Control Register

This register controls the driving strength of all 1/0 signals. By default, all pins are defaulted to 4 mA
driving current. After reset, system software should select 2 mA driving for those signals that do not need
high-current driving for power saving. The bit assignments for the register are shown in the following
display. The settings for the bits in the register are listed in Table 5-4.

IODCR I/O Drive Control Register Ox(FF)FFF008

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

‘ ‘AB‘DB‘CB‘PM‘PK‘PJ'PG‘PF‘PE‘PD‘PC‘PB‘PA‘

TYPE rw rw rw rw rw rw rw w w w rw rw rw
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
RESET
Ox1FFF

Table 5-4. 1/O Drive Control Register Description

Name Description Setting

Reserved Reserved Do not use these bits.

Bits 15-13

AB Address Bus Signals I/O Drive Control—It should be | 0 = 1/O drive current for each pinis 2 mA.
Bit 12 noted that A[23:20] are controlled by the PF bit. 1 = 1/O drive current for each pin is 4 mA.
DB Upper Data Bus Signals I/O Drive Control—The 0 = I/O drive current for each pin is 2 mA.
Bit 11 lower data bus is controlled by the PA bit. 1 = 1/O drive current for each pin is 4 mA.
CB Control Bus Signals—Only those signals or functions | 0 = I/O drive current for each pinis 2 mA.
Bit 10 not multiplexed with GPIO are controlled by this bit. 1 = I/O drive current for each pin is 4 mA.
PM-PA Port M to Port A Group I/O'Drive Control—Each bit 0 = I/O drive current for each pinis 2 mA.
Bits 9-0 controls the drive current for the lines in the respective 1 = 1/O drive current for each pin is 4 mA.

port.
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Chapter 6
Chip-Select Logic

This chapter describes the chip-select logic’s function and operation and provides programming
information for controlling its operation.

6.1 Overview of the CSL

The MC68VZ328 microprocessor contains eight general-purpose, programmable chip-select signals,
which are used to select external devices on the address and data bus. The signals are arranged in four
groups of two—GA[1:0], CSB[1:0], CS(1:0], and GD[1:0].

CSAOQis a special-purpose chip-select signal, which is the boot device chip-select. After reset, in normal
mode all the addresses are mapped to Q8AiDsuch time that the group base address A is programmed
and the chip-select enable (EN) bit is set in the appropriate chip-select register. From that point forward,
CSAOdoes not decode globally and is only.-asserted when decoded from the programming information in
the chip-select register.

Group C (CSCCSC) and Group D (CSDESDJ) chip-selects are unique in that they can also be
programmed as row address strobe (RIR&®1) and column address strobe (CASASY) for the
DRAM interface. For details, refer to Section 7.3.2, “DRAM Control Register,” on page 7-14 and
Section 6.3.3, “Chip-Select Registers,” in this chapter.

Each memory area can be defined as an internally generated cycle-termination signal, called RTACK

a programmable number of wait states. This feature $zas space that would otherwise be used for
cycle-termination logic. Using CDL, the system designer can adopt a flexible memory configuration based
on cost and availability. Up to four different classes of devices and memory can be used in a system
without the need for external decode or wait-state generation logic. Specifically, 8- or 16-bit combinations
of ROM, SRAM, flash memory‘and DRAM (EDO RAM, Fast Page Mode, or synchronous) are supported,
as shown in Table 6-1 on page 6-2.
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Table 6-1. Chip-Select and Memory Types

Chip-Select Signal Memory Supported
CSAO ROM, SRAM, flash memory-chip
CSAl ROM, SRAM, flash memory-chip
CSBO ROM, SRAM, flash memory chip
CSB1 ROM, SRAM, flash memory chip
CSCO/RASO DRAM, ROM, SRAM, flash memory chip-select
CSC1/RAS1 DRAM, ROM, SRAM, flash memory chip-select
CSDO/CASO DRAM, ROM, SRAM, flash memory chip-select
CSD1/CAS1 DRAM, ROM, SRAM; flash memory chip-select

The basic chip-select model alows the chip-select output.signal to assert in response to an address match.
The signals are asserted externally shortly after the internal Address Strobe (AS) signal goeslow. The
address match is described in terms of a group base address register and a chip-select register. The memory
size of the chip-select can be selected from a set of predefined ranges (32K, 64K, 128K, 256K, 512K,

1 Mbyte, 2 Mbyte, 4 Mbyte, 8 Mbyte, or 16 Mbyte), These memory ranges represent the most popular
memory sizes available on the market and apply totheregisters CSB, CSC, and CSD. The CSA register
primarily supports ROM, which is usually 128K to 16 Mbyte. Using this scheme, it is easy to design
software without the necessity of programming a chip-select mask register.

The chip-select can be programmed to allow read-only or read/write accesses. Other parametersthat can be
programmed include the number of wait states (from 0 to 13), data bus size selection, and whether a
DTACK signal is automatically generated for-the chip-select logic.

6.2 Chip-Select Operation

A chip-select output signal is asserted when an address is matched and after the AS signal goes low. The
base address and address mask registers are used in the compare logic to generate an address match. The
byte size of the matching block must be a power of two and the base address must be an integer multiple of
thissize. Therefore, an 8K block size must begin on an 8K boundary, and a 64K block size can only begin
on a 64K boundary. Each chip-select is programmable, and the registers have read/write capability so that
the programmed values can be read back.

NOTE:

The chip-select logic does not allow an address match during interrupt
acknowledge (Function Code 7) cycles.

6.2.1 Memory. Protection

The chip-select range of the four chip-selects can be programmed as read-only or read/write. Chip-selects
that control the crucial system data are usually programmed as supervisor-only and read-only so they can
be protected from system misuse (for example, alow battery). However, a certain area of this
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chip-select—controlled area can be programmed as read/write, which provides optimal memory use, as
shown in Figure 6-1. This area can be defined by programming the UPSIZ bits in the CSB, CSC, and CSD
registers to between 32K and the entire chip-select area.

Unprotected Memory (Read/Write)

~
~
~ Y
A Up to 4 Mbyte
Memory RAM CSBO A
Map Up to 16 Mbyte
\ JA .
A\ CSB1
\ Up to 16 Mbyte
N\
. LA B
/\/\ Protected Memory

(Supervisor-Only, Read-Only)

Figure 6-1. Size Selection and Memory.Protection for CSB0 and CSB1

6.2.2 Programmable Data Bus.Size

Each chip-select can be configured to address-an 8- or 16-bit space. Both 16- and 8-bit contiguous address
memory devices can be mixed on a 16-bit data bus system. If the CPU performs a 16-bit data transfer in an
8-bit memory space, then two 8-bit cycles will occur. However, the address and data strobes remain
asserted until the end of the second 8-bit ¢ycle. In this case, only the external CPU data bus upper byte
(D[15:8)) is used, and the least significant bit of the address (A0) increments automatically from one to the
next. AO should be ignored in 16-bit databus cycles even if only the upper or lower byte is being read or
written. For an external peripheral that only needs an 8-bit data bus interface and does not require
contiguous address locations (unused bytes on empty addresses), use a chip-select configured to a 16-bit
data bus width and connect to the D[7:0] pins. This balances the load of the two data bus halves in an 8-bit
system. The internal data bus is 16.bits wide. All internal registers can be read or written in a zero
wait-state cycle.

Except for CSAand BMUCS, all chip-select signals are disabled by default. The data bus width (BSW)
field of the chip-select option register enables 16- and 8-bit data bus widths for each of the 16 chip-select
ranges. The initial bus width forthe boot chip-select can be selected by placing a logic 0 or 1 on the BUSW
pin at reset to specify the width'of the data bus. This allows a boot EPROM of the data bus width to be used
in any given system. All external accesses that do not match one of the chip-select address ranges are
assumed to be a 16-bit device. This results in a single access performed for a 16-bit transfer. If it is applied
to an 8-bit port, the port is accessed every other byte.

The boot chip-select is initialized from reset to assert in response to any address except the on-chip register
space (OxFFFFFOO0O0 to OxFFFFFFFF). This ensures that a chip-select to the boot ROM or EPROM will
fetch the reset vector and execute the initialization code, which should set up the chip-select ranges.

A logic 0 on the BUSW: pin sets the boot device’s data bus to be 8 bits wide, and a logic 1 sets it to be 16
bits wide. At reset, the data bus port size for C3A@ the data width of the boot ROM device are
determined by the state of BUSW. The other chip-selects are initialized to be nonvalid, so they will not
assert until theyare programmed and the EN bit is set in the chip-select registers.
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6.2.3 Overlapping Chip-Select Registers

Do not program group address and chip-select registersto overlap, or the chip-select signals will overlap.
Unused chip-selects must be disabled. Map them to an unused space, if possible.

When the CPU triesto write to aread-only location that has already been programmed, the chip-select and
DTACK signalswill not be generated internally. BERR will be asserted internally if the bus error time-out
function is enabled.

NOTE:

The chip-select logic does not allow an address match during interrupt
acknowledge cycles.

6.3 Programming Model

The chip-select module contains registers that are programmed to control external devices, such as
memory. Chip-selects do not operate until the register in aparticular group of devicesisinitialized and the
EN bit is set in the corresponding chip-select register. Theonly exception isthe CSAOQ signal, which isthe
boot device chip-select.

6.3.1 Chip-Select Group Base Address Registers

The upper 15 bits of each base address register selects the starting address for the chip-select address
range. The GBAX field is compared to the address.on the address bus to determine if the group is decoded.
The chip-sdlect base address must be set according to the size of the corresponding chip-select signals of
the group. For example, if CSA1 and CSAOQ are each assigned a 2 Mbyte memory space, the CSGBA
register must be set in a4 Mbyte space boundary, such as system address 0 X 0, 0 X 4 Mbyte, 0 X 8 Mbyte,
and so on. It cannot be set at 0 x 1 Mbyte, 0% 2 Mbyte, 0 X 3 Mbyte, 0 X 5 Mbyte, and so on.

CSGBA Chip-Select Group A Base Address Register Ox(FF)FFF100

BIT
15

GB GB GB GB GB GB GB GB GB GB GB GB GB GB GB
A28 | A27 | A26 | A25 | /A24.| A23 | A22 | A21 | A20 | A19 | A18 | Al7 | Al6 | Al5 | Al4

TYPE rw w w rw rw rw rw w w rw rw rw w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0x0000

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

RESET

Table 6-2. Chip-Select Group A Base Address Register Description

Name Description Setting
GBAX Group A Base Address—These bits select The chip-select base address must be set
Bits 15-1 the high-order bits (28—14) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved This bit is reserved and should be set to 0.
Bit O
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CSGBB Chip-Select Group B Base Address Register Ox(FF)FFF102
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GB GB GB GB GB GB GB GB GB GB GB GB GB GB GB
B28 | B27 | B26 | B25 | B24 | B23 | B22 | B21 | B20 | B19 | B18 | B17 | B16 | B15 | B14
TYPE rw rw rw w w w w w rw rw w. w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 6-3. Chip-Select Group B Base Address Register Description
Name Description Setting
GBBx Group B Base Address—These bits select The chip-select base address must be set
Bits 15—-1 the high-order bits (28—14) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved This bit is reserved and should be set to 0.
Bit O
CSGBC Chip-Select Group C Base Address Register Ox(FF)FFF104
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GB | GB | GB | GB | GB | GB |/GB | GB | GB | GB | GB | GB | GB | GB | GB
c2 c2 c2 c2 c2 c2 c2 c2 c2 C1 C1 C1 C1 C1 C1l
8 7 6 5 4 3 2 1 0 9 8 7 6 5 4
TYPE rw rw rw rw w w w w rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 6-4. Chip-Select Group C Base Address Register Description
Name Description Setting
GBCx Group C Base Address—These bits select The chip-select base address must be set
Bits 15-1 the high-order bits(28—14) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved This bit is reserved and should be set to 0.
Bit O
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CSGBD Chip-Select Group D Base Address Register Ox(FF)FFF106
° 14 13 12 1 110 9 8 7 6 5 4 3 2 1 °F

GB GB GB GB GB GB GB GB GB GB GB GB GB GB GB
D2 D2 D2 D2 D2 D2 D2 D2 D2 D1 D1 D1 D1 D1 D1
8 7 6 5 4 3 2 1 0 9 8 7 6 5 4

TYPE rw rw rw rw w w w rw rw rw rw rw rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 6-5. Chip-Select Group D Base Address Register Description

Name Description Setting
GBDx Group D Base Address—These bits select The chip-select base address must be set
Bits 15—-1 the high-order bits (28—14) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved This bit is reserved and should be set to 0.
Bit O

6.3.2 Chip-Select Upper Group Base Address Register

The default setting for chip-select decoding limits.addressing to A28. When the full address decode enable
(UGEN) bit isset, it allows full address decoding.Full address decoding is enabled for all four of the
chip-select registers by the UGEN bit in the chip-select upper group base address register (CSUGBA). The
bit value of the MSB for each of the four chip-select registers can be written into each of the four MSB
fieldsin thisregister. The settings for this register are shown in Table 6-6.

CSUGBA Chip-Select Upper Group Base Address Register Ox(FF)FFF108

BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘éﬁ AGBA[31:29] BGBA[31:29] CGBA[31:29] DGBA[31:29]
TYPE w w w w rw rw w rw w w w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 6-6. Chip-Select Upper Group Base Address Register Description
Name Description Setting
UGEN Full Address Decode Enable—This bit 0 = Ignores A31, A30, and A29.
Bit 15 enables full address range decoding for all 1 = Decoding includes A31, A30, and A29.

chip-select registers.

AGBAJ[31:29] MSB for Chip-Select A—The upper most sig- | Enter value for bits 31-29 of chip-select regis-

Bits 14-12 nificant bits for chip-select group A base ter A.
address. The value will be ignored if UGEN is
disabled.
6-6 MC68VZ328 User's Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.

Programming Model

Table 6-6. Chip-Select Upper Group Base Address Register Description (Continued)

Name Description Setting
Reserved Reserved This bit is reserved and should be set to 0.
Bit 11

BGBA[31:29]

MSB for Chip-Select B—The upper most sig-

Enter value for bits 31-29 of chip-select regis-

Bits 10-8 nificant bits for chip-select group B base ter B.

address. The value will be ignored if UGEN is

disabled.
Reserved Reserved This bit'is reserved and should be set to 0.
Bit 7

CGBA[31:29]

MSB for Chip-Select C—The upper most sig-

Enter value for bits 31-29 of chip-select regis-

Bits 6—4 nificant bits for chip-select group C base terC.

address. The value will be ignored if UGEN is

disabled.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 3

DGBA[31:29]
Bits 2-0

MSB for Chip-Select D—The upper most sig-
nificant bits for chip-select group D base
address. The value will be ignored if UGEN is
disabled.

Enter value for bits 31-29 of chip-select regis-
ter D.
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6.3.3 Chip-Select Registers

There are four 16-bit chip-select (CSA, CSB, CSC, and CSD) registers for each corresponding chip-select
base address register. Each register controls two chip-select signals and can be-configured to select the

memory type and size of the memory range supported as well asto programthe required wait states or use
the external DTACK signal. The settings for the registers are described in Table 6-7 through Table 6-10 on

Freescale Semiconductor, Inc.

page 6-14.
CSA Chip-Select Register A Ox(FF)FFF110
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RO | | FLasH | Bsw |  wsz-1 | siz | EN |
TYPE rw rw w o w rw w w o rw w
0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0
RESET
0x00B0
Table 6-7. Chip-Select Register A Description
Name Description Setting
RO Read-Only—This bit sets the chip-select to 0 = Read/write.
Bit 15 read-only. Otherwise, read and write accesses | 1 = Read-only.
are allowed. A write to a read-only area will
generate a bus error if the BETEN bit of the
SCRis set. See Section 5.2.1, “System/Control
Register,” on page 5-2 for more information.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 14-9
FLASH Flash Memory Support—When.enabled, this | 0 = The chip-select and LWE/UWE signals go active
Bit 8 bit provides support for flash memory by forc- at the same clock edge.
ing the LWE/UWE signal to go.active after 1 = The chip-select signal goes low 1 clock before
chip-select. LWE/UWE.
Note: This bit is used for'expanded memory
size for CSD when the DRAM bit in the CSD
register is enabled.
BSwW Data Bus Width—This, bit sets the data bus 0 = 8 bit.
Bit 7 width for this chip-selectarea. 1 =16 hit.
WS3-1 Wait State—This field determines the number | 000 = 0 + WSO wait states.
Bits 6—4 of wait states added before an internal DTACK | 001 =2 + WSO wait states.
signal is returned. for this chip-select. 010 =4 + WSO wait states.
Note: When using the external DTACK 011 =6 + WSO wait states.
signal, you must configure the 100 = 8 + WSO walit states.
BUSW/DTACK/PGO pin. 101 = 10 + WSO wait states.
110 = 12 + WSO wait states.
111 = External DTACK.
When using the external DTACK signal, you must
select DTACK function in Port G.
WSO is the DWS0, CWS0, BWSO0, or AWSO bit in
the CSCTRL1 register.
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Table 6-7. Chip-Select Register A Description (Continued)

Name Description Setting
Siz Chip-Select Size—This field determines the 000 = 128K (32K or.8 Mbyte* for CSCx and CSDx).
Bits 3—-1 memory range of the chip-select. For CSAx 001 = 256K (64K or 16 Mbyte* for CSCx and CSDx).
and CSB¥, the chip-select size is between 010 = 512K (128K-for CSCx and CSDx).
128K and 16 Mbyte. For CSCx and CSDx, the | 011 = 1 Mbyte (256K for CSCx and CSDXx).
chip-select size is between 32K and 16 Mbyte. | 100 = 2 Mbyte (512K for CSCx and CSDx).
101 = 4 Mbyte (1 Mbyte for CSCx and CSDx).
110 = 8 Mbyte (2 Mbyte for CSCx and CSDx).
111 = 16 Mbyte (4 Mbyte for CSCx and CSDx).
* Note: Large DRAM size selection requires the
DSIZ3 bitin-the chip-select control register to be set.
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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CSB Chip-Select Register B Ox(FF)FFF112
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RO | sop | ROP | UPsIZ | | FLasH | Bsw | ws31 | siz | EN |
TYPE rw w rw rw rw rw w w rw rw rw w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 6-8. Chip-Select Register B Description
Name Description Setting
RO Read-Only—This bit sets the chip-select 0 = Read/write.
Bit 15 to read-only. Otherwise, read and write 1 = Read-only.
accesses are allowed. A write to a
read-only area will generate a bus error if
the BETEN bit of the SCR is set. See
Section 5.2.1, “System Control Register,”
on page 5-2 for more information.
SOP Supervisor-Use-Only Protected Mem- 0= Supervisor/user.
Bit 14 ory Block—This bit sets the protected 1= Supervisor-only.
memory block to supervisor-only; other-
wise, both supervisor and user accesses
are allowed. Attempts to access the super-
visor-only area result in a bus error if the
BETEN bit of the SCR is set. See
Section 5.2.1, “System Control Register,”
on page 5-2 for more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected.mem- 1 = Read-only.
ory block to read-only. Otherwise, read
and write accesses are allowed: If you
write to a read-only area, you will get a bus
error.
UPSIZ Unprotected Memory Block Size—This 00 = 32K.
Bits 12-11 | field determines the unprotected memory 01 = 64K.
range of the chip-select. 10 = 128K.
11 = 256K.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 10-9
FLASH Flash Memory-Support—When enabled, | 0 = The chip-select and LWE/UWE signals go active at
Bit 8 this bit provides.support for flash memory the same clock edge.
by forcing the LWE/UWE signal to go 1 = The chip-select signal goes low 1 clock before
active after chip-select. LWE/UWE.
Note: This bit is used for expanded
memory.size for CSD when the DRAM bit
in the CSD register is enabled.
BSW Data Bus Width—This bit sets the data 0 = 8 hit.
Bit 7 bus-width for this chip-select area. 1 =16 bit.
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Table 6-8. Chip-Select Register B Description (Continued)

Name Description Setting
WS3-1 Wait State—This field determines the 000 = 0 + WSO wait states.
Bits 6-4 number of wait states added before an 001 = 2 + WSO wait states.
internal DTACK signal is returned for this 010 = 4 + WSO wait states.
chip-select. 011 = 6 + WSO walt states.
Note: When using the external DTACK | 100 =8 + WS0 wait states.
signal, you must configure the 101 =10 + WSO wait states.
BUSW/DTACK/PGO pin. 110 = 12 + WSO.wait states.
111 = External DTACK.
When using the external DTACK signal, you must
select DTACK function in Port G.
WSO is'the DWS0, CWS0, BWSO0, or AWSO bit in the
CSCTRLI register.
SIZ Chip-Select Size—This field determines 000 =128K (32K or 8 Mbyte* for CSCx and CSDx).
Bits 3-1 the memory range of the chip-select. For 001.=256K (64K or 16 Mbyte* for CSCx and CSDx).
CSAx and CSBYx, the chip-select size is 010.= 512K (128K for CSCx and CSDx).
between 128K and 16 Mbyte. For CSCx 011= 1 Mbyte (256K for CSCx and CSDx).
and CSDx, the chip-select size is between |+100 = 2 Mbyte (512K for CSCx and CSDx).
32K and 16 Mbyte. 101 = 4 Mbyte (1 Mbyte for CSCx and CSDx).
110 = 8 Mbyte (2 Mbyte for CSCx and CSDx).
111 = 16 Mbyte (4 Mbyte for CSCx and CSDx).
* Note: Large DRAM size selection requires the DSIZ3
bit in the chip-select control register to be set.
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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CSC Chip-Select Register C Ox(FF)FFF114
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RO | sop | RoP | upsiz | | FLASH [ Bsw | ws31 | siz | ENn |
TYPE rw w rw rw rw rw wW_rw rw rw rw rw w
0 0 0 0 0 0 0 0 0.0 © 0 0 0 0
RESET
0x0000
Table 6-9. Chip-Select Register C Description
Name Description Setting
RO Read-Only—This bit sets the chip-select 0 = Read/write.
Bit 15 to read-only. Otherwise, read and write 1 = Read-only.
accesses are allowed. A write to a
read-only area will generate a bus error if
the BETEN bit of the SCR is set. See
Section 5.2.1, “System Control Register,”
on page 5-2 for more information.
SOP Supervisor-Use-Only Protected Mem- 0= Supervisor/user.
Bit 14 ory Block—This bit sets the protected 1= Supervisor-only.
memory block to supervisor-only; other-
wise, both supervisor and user accesses
are allowed. Attempts to access the super-
visor-only area result in a bus error if the
BETEN bit of the SCR is set. See
Section 5.2.1, “System Control Register,”
on page 5-2 for more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected.mem- 1 = Read-only.
ory block to read-only. Otherwise, read
and write accesses are allowed: If you
write to a read-only area, you will get a bus
error.
UPSIZ Unprotected Memory Block Size—This 00 = 32K.
Bits 12-11 | field determines the unprotected memory 01 = 64K.
range of the chip-select. 10 = 128K.
11 = 256K.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 10-9
FLASH Flash Memory-Support—When enabled, | 0 = The chip-select and LWE/UWE signals go active at
Bit 8 this bit provides.support for flash memory the same clock edge.
by forcing the LWE/UWE signal to go 1 = The chip-select signal goes low 1 clock before
active after chip-select. LWE/UWE.
Note: This bit is used for expanded
memory.size for CSD when the DRAM bit
in the CSD register is enabled.
BSW Data Bus Width—This bit sets the data 0 = 8 hit.
Bit 7 bus-width for this chip-select area. 1 =16 bit.
6-12 MC68VZ328 User's Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Programming Model

Table 6-9. Chip-Select Register C Description (Continued)

Name Description Setting
WS3-1 Wait State—This field determines the 000 = 0 + WSO wait states.
Bits 6-4 number of wait states added before an 001 = 2 + WSO wait states.
internal DTACK signal is returned for this 010 = 4 + WSO wait states.
chip-select. 011 = 6 + WSO walt states.
Note: When using the external DTACK | 100 =8 + WS0 wait states.
signal, you must configure the 101 =10 + WSO wait states.
BUSW/DTACK/PGO pin. 110 = 12 + WSO.wait states.
111 = External DTACK.
When using the external DTACK signal, you must
select DTACK function in Port G.
WSO is'the DWS0, CWS0, BWSO0, or AWSO bit in the
CSCTRLI register.
SIZ Chip-Select Size—This field determines 000 =128K (32K or 8 Mbyte* for CSCx and CSDx).
Bits 3-1 the memory range of the chip-select. For 001.=256K (64K or 16 Mbyte* for CSCx and CSDx).
CSAx and CSBYx, the chip-select size is 010.= 512K (128K for CSCx and CSDx).
between 128K and 16 Mbyte. For CSCx 011= 1 Mbyte (256K for CSCx and CSDx).
and CSDx, the chip-select size is between |+100 = 2 Mbyte (512K for CSCx and CSDx).
32K and 16 Mbyte. 101 = 4 Mbyte (1 Mbyte for CSCx and CSDx).
110 = 8 Mbyte (2 Mbyte for CSCx and CSDx).
111 = 16 Mbyte (4 Mbyte for CSCx and CSDx).
* Note: Large DRAM size selection requires the DSIZ3
bit in the chip-select control register to be set.
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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CSD Chip-Select Register D Ox(FF)FFF116
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RO | soP | ROP | UPSIZ | coMB | DRAM | FLASH | Bsw | ‘wss-1 | siz | EN |
TYPE w w w rw w w rw w TWoesrw  rw rw rwrw w
0 0 0 0 o0 0 1 0 0 o0~ 0o 0 © 0 0 0
RESET
0x0200
Table 6-10. Chip-Select Register D Description
Name Description Setting
RO Read-Only—This bit sets the chip-select to 0 = Read/write.
Bit 15 read-only. Otherwise, read and write 1 = Read-only.
accesses are allowed. A write to a read-only
area will generate a bus error if the BETEN bit
of the SCR is set. See Section 5.2.1, “System
Control Register,” on page 5-2 for more infor-
mation.
SOP Supervisor-Use-Only Protected Memory 0 = Supervisor/user.
Bit 14 Block—This bit sets the protected memory 1 = Supervisor-only.
block to supervisor-only; otherwise, both
supervisor and user accesses are allowed.
Attempts to access the supervisor-only area
result in a bus error if the BETEN bit of the
SCR is set. See Section 5.2.1, “System Con-
trol Register,” on page 5-2 for more informa-
tion.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected-memory 1 = Read-only.
block to read-only. Otherwise, read and write
accesses are allowed. If youwrite to a
read-only area, you will get a bus error.
UPSIZ Unprotected Memory Block:Size—This field | 00 = 32K.
Bits 12-11 determines the unprotected memory range of | 01 = 64K.
the chip-select. 10 = 128K.
11 = 256K.
COMB Combining—This bit controls combining 0 = RASO to RASO memory space.
Bit 10 RASO and RAS1 memory space to generate 1 = RASO covers both RASO and RAS1 memory
RASO. When this bit is set to 1, RAS1 can be space B.
used as a general-purpose 1/O signal.
DRAM DRAM Selection—This bit is used to enable 0 = Select CSCJ[1:0] and CSD[1:0].
Bit 9 RAS and CAS signals. Configuring the CSC 1 = Select CAS and RAS.
register as a.non-DRAM memory type
requires clearing the DRAM bit of the CSD
register.
Note: / The DRAM bit overrides the flash bit.
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Table 6-10. Chip-Select Register D Description (Continued)

Name Description Setting
FLASH Flash Memory Support—When enabled, 0 = The chip-selectand LWE/UWE signals go active
Bit 8 this bit provides support for flash memory by at the same clock edge.
forcing the LWE/UWE signal to go active after | 1 = The chip-select.signal goes low 1 clock before
chip-select. LWE/UWE.
Note: This bitis used for expanded memory
size for CSD when the DRAM bit is enabled.
BSW Data Bus Width—This bit sets the data bus 0 = 8 bhit.
Bit 7 width for this chip-select area. 1 =16 bit.
WS3-1 Wait State—This field contains the 3 most 000 = 0 +WSO0 wait states.
Bits 64 significant bits of the 4-bit wait-state value. 001 =2 + WSO wait states.
The least significant bit is located in the 010/=4 + WSO wait states.
chip-select control register 1. The value of 011 =6 + WSO wait states.
these 4 bits determines the number of wait 100.= 8 + WSO wait states.
states added to a bus cycle before an internal | 101 = 10 + WSO wait states.
DTACK is asserted to terminate the 110 = 12 + WSO wait states.
chip-select cycle. 111 = External DTACK.
When using the external DTACK signal, you must
select DTACK function in Port G.
WSO is the DWS0, CWS0, BWSO0, or AWSO bit in
the CSCTRLL1 register.
SIz Chip-Select Size—This field determines'the 000 = 128K (32K or 8 Mbyte* for CSCx and CSDx).
Bits 3—-1 memory range of the chip-select. For CSAx 001 = 256K (64K or 16 Mbyte* for CSCx and CSDx).
and CSBY, the chip-select size is between 010 = 512K (128K for CSCx and CSDx).
128K and 16 Mbyte. For CSCx and.CSDx, the | 011 =1 Mbyte (256K for CSCx and CSDXx).
chip-select size is between 32K.and 100 = 2 Mbyte (512K for CSCx and CSDXx).
16 Mbyte. 101 = 4 Mbyte (1 Mbyte for CSCx and CSDx).
110 = 8 Mbyte (2 Mbyte for CSCx and CSDx).
111 = 16 Mbyte (4 Mbyte for CSCx and CSDx).
* Note: Large DRAM size selection requires the
DSIZ3 bit in the chip-select control register to be set.
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit O enables each chip-select. 1 = Enabled.
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6.3.4 Emulation Chip-Select Register

In addition to the eight general-purpose chip-select signals, the MC68V Z328 has an emulation chip-select
register (EMUCS) that is specifically designed for the in-circuit emulation module. Thisregister provides
wait states 12-0, depending on the type of chip used. External logic (DTAGHY also be used to have
longer wait states. EMUCS is only valid for the OxFFFC0000—-0xFFFDFFFF memory location.

EMUCS Emulation Chip-Select Register Ox(FF)FFF118
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ WS3-1 ‘ |
TYPE rw w w
0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
RESET
0x0060

Table 6-11. Emulation Chip-Select'Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15—7
WS3-1 Wait State—This field contains the 3'most 000 = 0 + WSO wait states.
Bits 6-4 significant bits of the 4-bit wait-state value. 001 = 2 + WSO wait states.

The least significant bit is located in the 010 = 4 + WSO wait states.
chip-select control register 1. The value of 011 = 6 + WSO wait states.
these 4 bits determines the number of wait 100 = 8 + WSO wait states.
states added to a bus cycle before an internal | 101 = 10 + WSO wait states.
DTACK is asserted to terminate the 110 = 12 + WSO wait states.
chip-select cycle. 111 = External DTACK.

When using the external DTACK signal, you
must select DTACK function in Port G.

WSO is the EWSO bit in the CSCTRL1 register.

Reserved Reserved These hits are reserved and should be set to 0.
Bits 3-0

6.3.5 Chip-Select-Control Register 1

The chip-select control register 1 (CSCTRL1) is one of three registers that provide features to control a
wide variety of different: memory types. The CSCTRL1 register provides supplemental memory-control
features for chip-select logic. Control features include 16-bit SRAM support, extended size for unprotected
memory space, and extended size for DRAM. See the following register display and Table 6-12 on

page 6-17.
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CSCTRL1 Chip-Select Control Register 1 Ox(FF)FFF10A
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
EUP | SR | EW | DW | CW | BW | AW DSl DUP cup BUP
EN 16 SO SO SO SO SO Z3 S2 S2 S2
TYPE rw rw rw rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 6-12. Chip-Select Control Register.1.Description
Name Description Setting
Reserved Reserved This bit is reserved and should be set to 0.
Bit 15
EUPEN Extra UPSIZ Bit Enable—This bit enables the (| 0 = EUPEN bit not set.
Bit 14 BUPS2, CUPS2, and DUPS2 bits to work with+| 1 = EUPEN bit set.
the corresponding UPSIZ configuration bits.
Hence, it provides a larger dynamic range with
smaller granularity for the unprotected memory
sizing.
SR16 16-Bit SRAM Enable—This bit enables the 0 = UWE and LWE are selected for all CSB
Bit 13 use of 16-bit SRAM in chip-select group-B _read/write cycles.
memory space. It determines the functions of | 1 =UB and LB are selected for all CSB
the UWE/UB and LWE/LB pins in CSB read/write cycles.
read/write cycles.
EWSO Emulation Chip-Select Wait State Refer to Table 6-11 on page 6-16 on the emu-
Bit 12 Bit 0—This bit is the lowest significant bit of lation chip-select register for the wait state set-
the EMU wait state register. ting.
DWSO CSD Wait State Bit 0—This bit is the lowest Refer to Table 6-10 on page 6-14 on the
Bit 11 significant bit of the CSD-walt state register. chip-select register D for the wait state setting.
CWSO CSC Wait State Bit 0—This bit is the lowest Refer to Table 6-9 on page 6-12 on the
Bit 10 significant bit of the CSC.wait state register. chip-select register C for the wait state setting.
BWSO CSB Wait State Bit:0—This bit is the lowest Refer to Table 6-8 on page 6-10 on the
Bit 9 significant bit of the CSB wait state register. chip-select register B for the wait state setting.
AWSO0 CSA Wait State Bit 0—This bit is the lowest Refer to Table 6-7 on page 6-8 on the
Bit 8 significant bit of the CSA wait state register. chip-select register A for the wait state setting.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 7
DSIZ3 Size Bit 3for DRAM Chip-Select Address- If S1Z[2:0] = 000, the CSDO and CSD1 spaces
Bit 6 ing Space—When set, this bit extends the are each 8 Mbyte. For 001, each space is
DRAM'size. 16 Mbyte. Only valid when the DRAM bit of the
CSD register is set.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 5
DUPS2 UPSIZ Bit 2 for CSD Register—This is the For information on calculating unprotected
Bit 4 most significant bit for UPSIZ[2:0] when the memory size, see Example 6-1 on page 6-18.
EUPEN bit is set.
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Table 6-12. Chip-Select Control Register 1 Description (Continued)

Name Description Setting

Reserved Reserved This bit is reserved and should be set to 0.
Bit 3
CUPS2 UPSIZ Bit 2 CSC Register—This is the most For information on calculating unprotected
Bit 2 significant bit for UPSIZ[2:0] when the EUPEN | memory size, see Example 6-1.

bit is set.
Reserved Reserved This bitis reserved and should be set to 0.
Bit 1
BUPS2 UPSIZ Bit 2 CSB Register—This is the most For.information on calculating unprotected
Bit 0 significant bit for UPSIZ[2:0] when the EUPEN | memory size, see Example 6-1.

bit is set.

The unprotected memory sizeis calculated according to the chip-select addressing space and the UPSIZ
value.

Example 6-1. Unprotected Memory Size Calculation

Chip-Select Size

Unprotected Size = 2(7—UPSIZ)

For example, if SIZ[2:0] in CSD = 111 and UPSIZ[2:0] = 011, the unprotected size is calculated as
follows:

4 Mbyte/ 2(7-3) = 256K

6.3.6 Chip-Select Control'Register 2

This register controls early cycle detectionfor both static and dynamic types of memory. It improves CPU
access performance by generally removing one CPU wait state or by relaxing the timing requirement for
the memory.

CSCTRL2 Chip-Select Control Register 2 Ox(FF)FFF10C
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
] ECDD‘ ECDS ‘ECDT )EASP\ ‘EASDLYH@]‘ \
TYPE w w w rw rw rw
0 0 1 0 0 0 0 0O 0 0 0O 0 0 O 0
RESET
0x1000

Table 6-13. Chip-Select Control Register 2 Description

Name Description Setting
ECDD Early Cycle Detection for Dynamic 0 = Disabled.
Bit 15 Memory—This bit advances the timing, allow- | 1 = Enabled.

ing the CPU to be used with dynamic memory
access. It reduces wait states by one.
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Programming Model

Table 6-13. Chip-Select Control Register 2 Description (Continued)

Name Description Setting
ECDS Early Cycle Detection for Static 0 = Disabled.
Bit 14 Memory—This bhit advances the chip-select 1 = Enabled.
signals for SRAM, ROM, or flash memory. It
allows more setup time for slow memory with-
out adding CPU wait states.
ECDT Early Cycle Detection Type—When the mas- | 0 = Use.the early ASB from the CPU as the
Bit 13 ter enable for early cycle detection is on (that triggering signal for early cycle detection.
is, ECDD = 1), this bit selects what signal from | 1 = Usethe TSCAE from the CPU as the
the CPU is used to trigger the bus cycle. triggering signal for early cycle detection.
EASP Early ASB Delay Processing for Static 0 = Use selectable delay chain as the delay
Bit 12 Memory Early Cycle Detection—To prevent processing method.
the early ASB signal from the CPU from being | 1 =Use negative CPU edge synchronization as
asserted before a valid address is present the delay processing method (default
from the CPU, the early ASB can be pro- setting).
grammed so it is delayed before going to the
chip-select generator. This bit must be pro-
grammed appropriately when early ASB is
chosen as the early cycle detection signal.
Reserved Reserved These bits are reserved and should be set to
Bits 11-10 0.
EASDLY[1:0] Early ASB Delay Value—When delay chainis | 00 = No delay.
Bits 9-8 chosen as the delay processing method for 01 =1 level.
early ASB (that is, the EASP bitisclear), these | 10 =2 levels.
bits select the level of the delay element forthe | 11 =3 levels.
early ASB to get through.
Reserved Reserved These bits are reserved and should be set to
Bits 7-0 0.
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6.3.7 Chip-Select Control Register 3

This register controls minor timing trims for static memory access.

Freescale Semiconductor, Inc.

CSCTRL3 Chip-Select Control Register 3 Ox(FF)FFF150
BIT 15 14 13 12 11 10 9 8 7 6 4 3 2 1 BITO
| Ewe | wpexT | Lcws | AsT [ psT | csT |
TYPE w w rw rw w w
1 0 0 1 1 1 0 0 0 0 0 0 0 0 0
RESET
0x9C00
Table 6-14. Chip-Select Control Register 3 Description
Name Description Setting
EWE End Write Early—When this bit is set, the 0 = Disabled.
Bit 15 RAM write-enable signal negates before the 1 = Enabled.
CS signal is negated.
WPEXT Write Pulse to CS Negation Margin 0 = Disabled.
Bit 14 Extension—When EWE is set, WPEXT is set 1 = Enabled.
to extend the WE negation to CS negation by
one more clock.
LCWS Wait State Trim for LCD-SRAM 0 = No additional wait state added.
Bit 13 Access—When this bit is set, one additional 1 = One additional wait state added.
wait state is added to the LCD-SRAM access
cycle. For example, if the wait state is set to
zero, all CPU accesses require'4.cycles to
complete, the chip-select signal to SRAM lasts
2.5 CPU clock cycles, and 2 cycles are used
for LCD access. When LCWS is enabled, the
LCD access is delayed; thesaccess is
increased from 2 to 3 clock cycles.
AST AS Toggle Enable—=Enables AS toggling 0 = Disable AS toggling between two 8-bit
Bit 12 between two 8-bit transfers. transfers.
1 = Enable AS toggling between two 8-bit
transfers.
DST DS Toggle Enable—Enables DS toggling 0 = Disable DS toggling between two 8-bit
Bit 11 between two 8-bit transfers. transfers.
1 = Enable DS toggling between two 8-bit
transfers.
CST CS Toggle'Enable—Enables CS toggling 0 = Disable CS toggling between two 8-bit
Bit 10 between.two 8-bit transfers. transfers.
1 = Enable CS toggling between two 8-bit
transfers.
Reserved Reserved These bits are reserved and should be set to
Bits 9-0 0.

Example 6-2 on page 6-21 demonstrates how to initialize the chip-select with a particular memory

configuration.
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Example 6-2. Programming Example

Programming Model

R R R R RS SR SRR SRR RS EEEEEEEEREEEEEEEEEREREEEE

*  Chip-Select registers

khkkhkkhkkhkhkhkhkkhhkkhhkhhhhhhhkdhhkdhhhkhhhkkkdhkkhhkrkkhkkdkkx*x*x

REGSBASE equ OxFFFFFO00i nt ernal regi sters base address

BASEA equ REGSBASE+0x100 group A base register
BASEB equ REGSBASE+0x102 group B base register
BASEC equ REGSBASE+0x104 group C base register
BASED equ REGSBASE+0x106 group D base regi ster
CSA equ REGSBASE+0x110 group A chip-sel ect register
CsB equ REGSBASE+0x112 group B chip-sel ect register
CsC equ REGSBASE+0x114  group C chi p-sel ect register
CsD equ REGSBASE+0x116  group D chi p-sel ect regi ster

R R R R R R SRR E RS EEEEEE R EEEEEEEEREEREEEE

* PCRT control registers
khkhkhkkhkkhhkhkhkhdhhkhkdhhhhhhdhhxdhhhdxhkddhxxrdhhxxhdhxx%x

PCORTBASE equ REGSBASE+0x400 port B regi sters/ base address

PBD r equ PCRTBASE+0x08 port B direction/register

PBDat a equ PCRTBASE+0x09 port B data register

PBPU equ PCRTBASE+0x0A port B pul | up enabl e regi ster

PBSel equ PCORTBASE+0x0B port B sel ect regi ster

RS SRS S S S S EEEEEEEEEEEEEEEEEEEEEEEEEEE SRR SR RS

* Initialization

R R EEEEE S S S S SRS S EEE S S S EE SRS EEEEEEEEEEEEEEEE RS TS

START nove. b  #0x00, PBSel di sabl'e PortB, select chip-selects
nmove. w  #0x0000, BASEA set ‘base address 0x0000000
nove.w  #0x8081, CSA read-only, 16-bit,0 wait state, 128K
nmove. w  #0x2000, BASEB  set-.base address 0x4000000
nove.w  #0x0093, CSB read/ wite, 16-bit,1 wait state, 256K
nmove.w  #0x2040, BASEC set base addrs 0x4080000
nove.w  #0x0191, CSC read/ wite, flash, 16-bit, 1 ws, 32K
nmove. w  #0x0000, CSD config CSC CSD as non- DRAM nenory type

* The preceding initialization will configure the CSA and CSB chi p-sel ects as
* foll ows :

*  CSAD 0x0000000- 0x001ffff, read-only, 16-bit,0 wait state, 128K

*  CSAl 0x0020000- Ox003ffff /read-only, 16-bit,0 wait state, 128K

* CSBO 0x4000000- 0x403ffff,read/wite, 16-bit,1 wait state, 256K

*  CSB1 0x4040000- 0x407ffff,read/wite, 16-bit,1 wait state, 256K

* CSQD 0x4080000- 0x4087fff,read/wite, flash, 16-bit,1 wait state, 32K

* CSCl 0x4088000- 0x408ffff,read/wite, flash, 16-bit,1 wait state, 32K

* CSDO di sabl ed

* CsDL di sabl ed
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Chapter 7
DRAM Controller

This chapter describes the DRAM controller for the MC68V Z2328. The operation of the DRAM controller
is closely linked to the chip-select logic. Please refer to Chapter 6, “Chip-Select Logic,” for more details.

7.1 Introduction to the DRAM Controller

The DRAM controller provides a glueless interface for either 8-bit or 16-bit DRAM. It supports EDO
RAM, Fast Page Mode, and synchronous DRAM: The DRAM controller provides Row Address Strobe
(RAS) and Column Address Strobe (CAsSignals forup to a maximum of two banks of DRAM. In
addition to controlling DRAM, the DRAM controller provides support for LCD controller burst accesses.

The DRAM controller has the following features:
e 68000 CPU zero wait-state operation support
+ CAS-before-RASrefresh cycles and self-refresh mode DRAM support
e 8- and 16-bit port DRAM support
« Fast Page Mode and EDO RAM=modes or synchronous burst for LCD DMA access cycles
e Programmable refresh rate
e Support for a maximum of two-banks of DRAM
e Programmable row and column address size with symmetrical or asymmetrical addressing
e Support for up to 16 Mbyt& 16 or 32 Mbyte X 8 DRAM or SDRAM

A block diagram of the DRAM controller appearsin Figure 7-1 on page 7-2.
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7.2 DRAM Controller Operation

This section describes the DRAM controller's operation.

7.2.1 Address Multiplexing

The address multiplexer can support a wide variety of memory devices in either 8- or 16-bit mode. The
upper internal address lines from the CPU or LCD controller provide the row address, and the lower
internal address lines are used as the column address. This scheme enables the use of Fast Page Mode or
EDO RAM mode read accesses to the DRAM during LCD DMA cycles. The DRAM multiplexer also
supports different row and column configurations, depending on the arrangement of the DRAM rows and
columns and the data port size (8 or 16 bit) of the DRAM.

For 4 Mbyte (512Kx 8) DRAM, there are usually only 10 row addresses and 9 column addresses. For this
configuration in 8-bit mode, the internal address bus PA[8:0] isused for column addresses, and PA[18:9] is
used for row addresses. Similarly, if we use 16-bit DRAM with the same number of row and column
addresses, the column addresses require PA[9:1], and PA[19:10] is used for the row addresses.

The address multiplexing options are provided in Table 7-1 on page 7-4. The MC68VZ328’'s DRAM
controller uses PA[8:1] as the column addresses for-MD[7:0] and then allows software to select either PAO
or PA9 for column address MD8. Similar address selection options are provided for MD9 and MD10
column addresses, the MDO row address, and the row addresses MD8 through MD12 .

The MD[12:0] signals share the same address.pins that output as nonmultiplexed addresses A[13:1] for
non-DRAM external accesses. Since the internal addresses (PA[13:1]) are present as the column address
selection from the DRAM address multiplexer, these addresses may be used as the nonmultiplexed
addresses A[13:1] for non-DRAM external accesses. This simplifies the overall multiplexing scheme for
the MC68VZ328.

NOTE:
The A0 signal is not used-as a DRAM address pin connection.

Table 7-1 on page 7-4 contains the address multiplexing options for the VZ pins listed. All the options are
programmed in the DRAM memory_configuration (DRAMMC) register except as noted in the table. The
row labeled “Column Address Options” is used for Fast Page Mode and EDO RAM and is enabled when
the SDEN bit (bit 15) in the SDRAM control register (OxFFFFFCO04) is 0. The row labeled “Column
Address Options Specific for SDRAM” is used for SDRAM and is enabled when the SDEN bit in the
SDRAM control register is 1.
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Table 7-1. DRAM Address Multiplexing Options

A1/MDO | A2/MD1 A3/MD2 A4/MD3 A5/MD4 A6/MD5 A7/MD6 A8/MD7
Row PA23 PA12 PA13 PA14 PA15 PA16 PA17 PA18
Address PA22
Options PAll
Column PAl PA2 PA3 PA4 PA5 PA6 PA7 PA8
Address
Options
Column pA1l PA2 PA3 PA4 PA5 PA6 PA7 PA8
Address PAO
Options
for
SDRAM
MD MDO MD1 MD2 MD3 MD4 MD5 MD6 MD7
Address

A9/MD8 | A10/MD9 | A11/MD10 | A12/MD11 | A13/MD12 | A14/MD13 | A15/MD14 | A16/MD15
Row PA10 PA9 PA19 PA20 PA10 PA22 PA23 PA24
Address PA20 PA19 PA21 PA22 PA21
Options PA23
Column PAO PAO PAO PA12 PA13 PA22 PA23 PA24
Address (PA1) PA10 PA11
Options PA9
Column PA1? PAL 0 PA20° PA10% PA22 PA23 PA24
Address PA9 PA22 PA21
Options PA23
for
SDRAM
MD MD8 MD9 MD10 MD11 MD12 MD13 MD14 MD15
Address

1.Pin A1/MDO has column address.options of PAO and PA1 for SDRAM. The SCOL bit (bit 6) of the SDRAM control
register (OXFFFFFCO04) determines the selection. When SCOL = 0, PA1 is selected. When SCOL =1, PAO is se-
lected.

2.Pin A9/MD8 has column address options of PA1 and PA9 for SDRAM. The COLS bit (bit 5) of the DRAM memory
configuration register (OXFFFFFCO00) determines the selection. When COL8 = 0, PA9 is selected. When COL8 = 1,
PALl is selected.

3.Pin A12/MD11 has column address options of PA20 and PA22 for SDRAM. The ROW11 bit (bit 11) of the DRAM
memory configuration register (OXFFFFFCO00) determines the selection. When ROW11 =0, PA20 is selected.
When ROW11 =1, PA22 is selected.

4.Pin A13/MD12 has column address options of PA10, PA21, and PA23 for SDRAM. The ROW12 field (bits 15-14)
of the DRAM memory configuration register (OXFFFFFCO00) determines the selection. When ROW12 = 00, PA10 is
selected. When ROW12 = 01, PA21 is selected. When ROW12 = 10, PA23 is selected.
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Table 7-2 through Table 7-5 on page 7-6 provide recommendations for MC68VZ328-t0o—SDRAM
connections and for selecting multiplexing options for different types of SDRAM.

Table 7-2. 16 Mbit SDRAM—256 (16-Bit) and 512 (8-Bit).Page Size

Sl;ﬁéM A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 BS
. Al/ A2/ A3/ A4/ A5/ A6/ A7/ A8/ A9/ Al10/ | Al1/ A12/
VZ Pins

MDO | MmD1 | MD2 | MD3 | MD4 | MD5 | MD6 | MD7 | MD8 | MD9 | MD10 | MD11

Row PAl1l | PA12 | PA13 | PA14 | PA15 | PA16 | PA17 | PA18 | PA10 | PA9 PA19 | PA20

Address
Options

Column PA1l PA2 PA3 PA4 PA5 PAG6 PA7 PA8 X X 0 PA20
Address
Options
(16-Bit)

Column PAO PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA1l X 0 PA20

Address

Options
(8-Bit)

Note: X =*“don’t care”

Table 7-3. 64 Mbit SDRAM—-256 (16-Bit) and 512 (8-Bit) Page Size

SDRAM

Pins A0 Al A2 A3 A4 A5 A6 A7 A8 A9 | A10 | A11 | BSO BS1

Al/ | A2/ | A3/ | A4l | A5/ |- A6/ | A7/ | A8/ | A9/ | A10 | A1l | A12 | A13/ | Al4/
VZ Pins MD | MD | MD | MD | MD."| MD | MD | MD | MD | /MD | /MD | /MD MD MD
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Row PA | PA | PA | PA/'PA | PA| PA| PA | PA | PA | PA | PA | PA21 | PA22
Address || 11 | 12 | 13 | 14 |“15 | 16 | 17 | 18 | 10 | 9 | 19 | 20

Options

Column PA PA PA PA PA PA PA PA X X 0 X PA21 | PA22
Address 1 2 3 4 5 6 7 8
Options
(16-Bit)

Column PA PA PA PA PA PA PA PA PA X 0 X PA21 | PA22

Address 0 2 3 4 5 6 7 8 1

Options
(8-Bit)

Note: X =*“don’t care”
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Table 7-4. 128 Mbit SDRAM—512 (16-Bit) and 1024 (8-Bit) Page Size

SDRAM

Pins A0 Al A2 A3 A4 A5 A6 A7 A8 A9 | A10 | BSO | A11 | BS1

Al/ | A2/ | A3/ | A4l | A5/ | A6/ | A7/ | A8/ | A9/ | A10.| A1l | Al2/ | A13 | Al5/
VZ Pins MD | MD | MD | MD | MD | MD | MD | MD | MD | /MD | /MD MD | /MD MD
0 1 2 3 4 5 6 7 8 9 10 11 12 14

Row PA | PA | PA | PA | PA | PA | PA | PA | PA |.PA | PA | PA22 | PA | PA23
Address 11 12 13 14 15 16 17 18 20 19 21 10
Options

Column PA PA PA PA PA PA PA PA PA X 0 PA22 X PA23
Address 1 2 3 4 5 6 7 8 9
Options
(16-Bit)

Column PA PA PA PA PA PA PA PA PA PA 0 PA22 X PA23

Address 0 2 3 4 5 6 7 8 9 1

Options
(8-Bit)

Note: X =*“don’t care”

Table 7-5. 256 Mbit SDRAM—512 (16-Bit) and 1024 (8-Bit) Page Size

SgﬁéM A0 Al A2 A3 A4 A5 A6 A7 A8 A9 | A10 | A1l | Al12 BOS Bls

All | A2/ | A3/ | A4l | A5/ | A6/IT| A7/ | A8/ | A9/ | A10 | A1l | A12 | A13 | Al5 | Al6
VZ Pins || MD | MD | MD | MD | MD ("MD | MD | MD | MD | /MD | /MD | /MD | /MD | /MD | /MD
0 1 2 3 4 5 6 7 8 9 10 11 12 14 15

Row PA | PA| PA| PA| PA{PA| PA|PA|PA|PA|PA|PA|PA|PA|PA
Address || 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 20 | 19 | 21 | 22 | 10 | 23 | 24

Options

Column PA | PA PA | PA7| PA | PA | PA | PA | PA X 0 X X PA | PA
Address 1 2 3 4 5 6 7 8 9 23 24
Options
(16-Bit)

Column PA | PA PA 4/ PA | PA | PA | PA | PA | PA | PA 0 X X PA | PA

Address 0 2 3 4 5 6 7 8 9 1 23 24

Options
(8-Bit)

Note: X =*“don’t care”
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7.2.2 DTACK Generation

In a16 MHz system frequency, 60 ns DRAM can support a zero wait state (4 clocks per access) for CPU
bus cycles. Therefore, DTACK isonly delayed for refresh operations that occur. before a read/write access
cycle. Thevalue of N clocks (N isthe number of system clock cycles required for refresh) will be inserted
into aread or write cycle when the CPU cycle collides with arefresh cycle:Refresh, in this case, hasa
higher priority.

NOTE:

The value of N can be 1-4 clocks, depending on. the collision overlap of
the refresh cycle and CPU bus cycle.

7.2.3 Refresh Control

During normal operation, the MC68VZ328 DRAM cycles are distributed evenly over the refresh period.
The DRAM refresh rate requirement may vary between different DRAM chips. Users can program the
REF field in the DRAM configuration register (DRAMMC) to select the required refresh frequency.

The following examples demonstrate refresh values using two different settings and clock sources:
¢ When CLK32 =32.768 kHz:
— CLK=0
— DRAMMC register value (REF) =0
— refresh period = 15.4s
+ If SYSCLK =16.58 MHz:
— CLK=1
— DRAMMC register value (REF) =7
— refresh period = 15.4ds
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7.2.4 LCD Interface

Figure 7-2 illustrates the LCD controller and DRAM controller interface. The DRAM controller supports
page bursting accesses. When the PAGE_ACCESS signal is active and CSD[1:0] is active, Fast Page
Mode or EDO RAM mode will be initiated.

In Fast Page Mode mode, the first access will always be 4 clocks. Additional clocks may be added to the
access cycle for the second and subsequent access cycles using the BCO and BC1 bits of the DRAMC
register. One, two, three, and four additional clocks are supported by the DRAM controller. The notation
for the additional clock cyclesisto display the first three numbers, separated by hyphens, followed by an
dlipsis and the final number: first clock-second clock-third clock-...-last clock. For example, the notation
4-2-2-...-2 represents 4 clocks for the first transfer and 2 clocks for the second and subsequent transfers.
The first accessis aways 4 clocks.

Single clocks and transfers are only supported in EDO RAM made, alowing the fastest LCD DMA
transfers. However, in EDO RAM mode, the BCO and BC1 bitsare ignored by the DRAM controller. For
additional information about operation using an LCD display, see Chapter 8, “LCD Controller.”

When an LCD controller cycle and a refresh request collide before the LCD controller cycle starts, refresh
will go first, and N more clocks will be added to the first-access (N is the number of system clock cycles
required for refresh). Therefore, in EDO RAM mode, for a 4-1-1-...-1 cycle, the access will become
(4+N)-1-1-...-1.

When consecutive LCD controller burst accesses cross a memory page boundary, the DRAM controller
will hold the LCD controller that is negating the internal DTASIgnal to change the row address and

wait for a precharge time. When a refresh request occurs in the middle of an LCD controller cycle transfer,
refresh will be deferred until the end of the LCD_controller cycle. Since the LCD controller cycle only lasts
for 8 cycles, the deferred refresh cycle will not overlap with the next refresh request.

The DTACK signal is used to hold the LCD controller after the address changes on each word of an LCD
transfer. If DTACKis asserted, the LCD controller will assume a fixed wait-state transfer per the setup
within the LCD controller. The LCD controller will hold as long as DTABKot asserted.

The PAGE_ACCESS signal from the LCD controller indicates to the DRAM controller and system
integration module that an LCD DMA burst transfer is about to begin. The associated chip-select signal
will hold active throughout the LCD controller’s access cycle. In this mode, the DRAM controller supports
page accesses.

PAGE_ACCESS
'
STACK —» MD[12:0]
DTACK
< DRAM External
Controller
LCD Address Address
Controller '
P — External
Data
Data
)

Figure 7-2. LCD Controller and DRAM Controller Interface
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7.2.5 8-Bit Mode

From the system integration module (SIM), 8-bit operation on the fly can be selected using the signal 8-bit
port. If one of the CSDx signalsis programmed as 8-bit mode, the 8-bit mode signal will be active at the
sametime that CSDx isactive. In 8-bit mode, the DRAM address multiplexerwill use PAO instead of PA1
asthe least significant multiplexed address, and the remainder of the multiplexed address lines will be
adjusted to fit the 8-bit operation of the selected DRAM device. RAS, CAS, and refresh signal functions
will remain the same. Depending on the DRAM type used, the system software may need to adjust the
address multiplexer options in the DRAMMC register.

7.2.6 Low-Power Standby Mode

If DRAM that supports self-refresh mode is being used, the RM-bit'in the DRAMC register can be
programmed to self-refresh mode before entering sleep mode. The DRAM controller will generate one
CAS-before-RAS cycle, negate RAS and CAS for the required precharge time, then assert
CAS-before-RAS, and continue to assert them until the mode.is changed in the RM bit. DRAMs that
support self-refresh mode will enter self-refresh typically 100us after RAS and CAS are held in the
asserted state. After awake up, one CAS-before-RAS refresh cycle will occur, and then normal-mode
operation will continue.

For DRAMs without self-refresh mode, ensure that the'.PR bit in the DRAMC register is set for
CAS-before-RAS refresh mode to continue while the processor is shut down and all other modules are
disabled.
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7.2.7 Data Retention During Reset

DRAM needs to retain data during reset, whether it is an external reset or an internal watchdog reset. The
DRAM controller itself has a specia design to support this feature. Figure 7-3-illustrates the timing for

dataretention.

32 kHz

External

RESET
(Hardware reset)

Internal

|
|
I
|
|
RESET |
|
DRAM | |
Refresh ‘J U . e . . H
15.6 ps |
|
CPCRESET | I
DRAM Reset

Port (CSCx, CSDx) Reset

Sleep with No SYSCLK

DRAM Sync. with
System Clock

*

Reprogram <>
DRAM Controller,

Chip-Selects (CSCx,CSDx), /O Port

Figure 7-3: .Data Retention for the Reset Cycle
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Clock m_ﬂ_ﬂ_ﬂ
-
7-10

MC68VZ328 User's Manual

@ MOTOROLA

For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Ingav controller Operation

7.2.8 Data Retention Sequence

Dataisretained in the following sequence:

1
2.

© N o g A~

10.

The external RESET signal is sent to the MC68V Z2328.

Theinternal RESET signal is generated by synchronizing the externa'RESET signal with
the CLK32 signal.

When the internal RESET is asserted, the DRAM controller will stop the current refresh
operation and enter burst refresh mode, which is a consecutive CAS-before-RAS refresh

cycle.
The external RESET signal continues asserting.

The external RESET signal is negated.
Theinternal RESET signal is negated.
The DRAM controller terminates the burst CAS-before-RAS refresh cycle.

Theinternal CPCRESET signal is generated for 16.clocks to reset the DRAM controller
and the CSCx and CSDx port signals.

The chip is now reset.

The core processor programs the DRAM controller and the port pins after this reset to
resume DRAM controller operation.

NOTE:

The initialization code should program or initialize the DRAM controller
and the general-purpose /O port signals within the DRAM'’s specified
refresh time.
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7.3 Programming Model

This section describes the programming model for the DRAM controller.

7.3.1 DRAM Memory Configuration Register

The DRAM memory configuration register (DRAMMUC) is used to set the DRAM refresh interval and
configure the address multiplexer for the specific memory device being used. The bit position and values
are shown in the following register display. The details about the register settings are described in

Table 7-6.
DRAMMC DRAM Memory Configuration Register Ox(FF)FFFCO0O0
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ROW ROW ROW ROW COL | COL | coL
ROW12 ROWO 11 10 9 8 10 9 8 REF
TYPE w w rw rw rw rw rw rw rw w w w rw rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-6. DRAM Memory Configuration Register Description
Name Description Setting
ROW12 Row Address MD12—This field selects the row address bit | 00 = PA10
Bits 15-14 for multiplexed address MD12. 01 =PA21
10 = PA23
11 = Not valid
ROWO Row Address MDO—This field selects the row address bit 00 = PAl11
Bits 13-12 for multiplexed address MDO. 01 = PA22
10 = PA23
11 = Not valid
ROW11 Row Address MD11—This bit selects the row address bit 0 =PA20
Bit 11 for multiplexed.address MD11. 1=PA22
ROW10 Row Address MD10—This bit selects the row address bit 0=PA19
Bit 10 for multiplexed address MD10. 1=PA21
ROW9 Row Address MD9—This bit selects the row address bit for | 0 = PA9
Bit 9 multiplexed address MD9. 1=PA19
ROWS Row Address MD8—This bit selects the row address bit for | 0 = PA10
Bit 8 multiplexed address MD8. 1=PA20
CoL10 Column Address MD10—This bit selects the column 0=PAl11
Bit 7 address bit for multiplexed address MD10. 1=PAO
CoL9 Column Address MD9—This bit selects the column 0 =PA10
Bit 6 address bit for multiplexed address MD9. 1=PA0
CcOoLs8 Column Address MD8—This bit selects the column 0 =PA9
Bit 5 address bit for multiplexed address MD8. 1=PAO
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Table 7-6. DRAM Memory Configuration Register Description (Continued)

Name Description Setting
REF Refresh Cycle—This value determines the refresh rate for See description
Bits 4-0 the DRAM controller. The refresh rate can be calculated

using the equation shown in Example 7-1.

The REF value isthe time of 1 refresh cycle.
Example 7-1. Calculating REF Field Values for Refresh Times

When CLK =0, 32 kHz (or 34.8 kHZz) is used for refresh control.

* If REF =0, the refresh rate =232 kHz.

« |f REF =1, the refresh rate = 32 kHz.

« If REF = (2 to 15), the refresh rate = 32 kHz / (REF + 1).
When CLK =1, the system clock is used for refresh control.

e The refresh rate = SYSCLK / (32 (REF + 1)).
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7.3.2 DRAM Control Register

The DRAM control (DRAMC) register is used to control the operation of the DRAM controller. The bit
position and values are shown in the following register display. The details about the register settings are
described in Table 7-7.

Freescale Semiconductor, Inc.

DRAMC DRAM Control Register Ox(FF)FFFCO02
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
| EN [ RrRv | Bc10o |ck | EDO | PGSZ | | Mmsw. | LsP | stw | LPR | RST | DWE |

TYPE w w w w w w w rw w w w w rw rw

0 0 0 0 0 0 0 0 0 O 0 0 0 0 1 0

RESET

0x0000
Table 7-7. DRAM Control Register Description
Name Description Setting

EN Master DRAM Controller Enable—This bit 0 = Disable the DRAM controller.

Bit 15 enables and disables the DRAM controller. 1 = Enable the DRAM controller.

RM Refresh Mode—This bit sets the refresh mode. 0 = CAS-before-RAS refresh mode.

Bit 14 1 = Self-refresh mode.

BC1-0 Page Access Clock Cycle (Fast Page 00 = 1 additional clock (2 clocks/transfer).

Bit 13-12 | Mode)—These bits determine the number-of 01 = 2 additional clocks (3 clocks/transfer).
additional clocks for the second and subsequent | 10 = 3 additional clocks (4 clocks/transfer).
accesses within a Fast Page Mode read cycle 11 = 4 additional clocks (5 clocks/transfer).
after the first data word.

CLK Clock—This bit selects the clock that is provided | 0 = CLK32 (Period A) is selected.

Bit 11 to the refresh timer. 1 = System clock (Period B) is selected.

EDO Extended Data Out—This bit selects the page 0 = Fast Page Mode mode is selected.

Bit 10 access mode for LCD DMA DRAM accesses. 1 = EDO enables 1 clock for each LCD DMA data
This bit should only be set if the DRAM supports word transfer after the first word transfer.
EDO RAM transfers. When'the EDO bit is set, Bits BC1-0 are ignored.

BCO and BC1 do not affect the number of clocks
for LCD DMA DRAM accesses. EDO RAM mode
is the fastest LCD DMA transfer mode.

PGSz Page Size—This field determines the page size 00 = 256

Bits 9-8 in the word for Fast Page Mode mode access. 01=512

10=1,024
11 =2,048

Reserved | Reserved These bits are reserved and should be set to 0.

Bits 7-6

MSW Slow Multiplexing—Setting this bit adds a sys- 0 = Normal address multiplexing.

Bit 5 tem clock for DRAM address multiplexing, which | 1 = Slower address multiplexing.
allows for a heavily loaded A/DMA bus. Setting
this bit.causes an additional wait state for all core
accesses and the first LCD DMA word access.
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Programming Model

Table 7-7. DRAM Control Register Description (Continued)

Name Description Setting
LSP Light Sleep—Setting this bit enables the core or | 0 = Self-refresh is.interrupted only by clearing the
Bit 4 LCD controller to access the DRAM when the RM RM bit.
bit is set (DRAM is in self-refresh mode). 1 = Self-refreshiis temporarily interrupted by core
Self-refresh mode is temporarily interrupted for or LCD controller accesses to DRAM.
the DRAM access and automatically returns to
self-refresh mode once the transfer is complete.
Transfers in this mode are much slower than nor-
mal. Therefore, it is best to clear the RM bit if the
DRAM is to be awake for extended periods of
time. If this bit is clear, DRAM accesses will not
occur when RM is set, and attempts will cause
the bus to time out.
SLW Slow RAM—Setting this bit extends the RAS 0 = Normal RAS precharge (2 system clocks).
Bit 3 precharge period for slower DRAM devices. This | ‘1 = Extended RAS precharge for slower DRAM
bit should be set if the RAS precharge time devices (4 system clocks).
requirement for the device being used is greater
than 60 ns (33 MHz system clock) or 120 ns
(16.58 MHz system clock).
LPR Low-Power Refresh Enable—This bitis used.to | 0 = Disable low-power refresh mode.
Bit 2 control the refresh during low-power modes. 1 = Enable low-power refresh mode.
RST Reset Burst Refresh Enable—This bit controls 0 = Normal distributed refresh operation during
Bit 1 the refresh type during RESET assertion. DRAM reset function.
1 = Continuous burst refresh operation during
DRAM reset function.
DWE DRAM Write-Enable—This bit is uséd to enable | 0 = Disable DWE.
Bit 0 the DWE signal, which can be employed whena | 1 = Enable DWE.

DRAM is being used that needs an‘independent
write-enable signal, rather than sharing one with
the UWE signal.

1.The first Fast Page Mode access will always be 4 clocks. When an LCD controller cycle and a refresh request
collide before the LCD controller cycle starts, refresh will go first, and N more clocks will be added to the first
access (N is the number of system/clock cycles required for refresh).
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7.3.3 SDRAM Control Register

This register controls operation when SDRAM is being used. The bit position and values are shown in the
following register display. The details about the register settings are described-in Table 7-8.

SDCTRL SDRAM Control Register Ox(FF)FFFCO04
BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
|sben [cem | [ RE | P [ MR | | scoL.| BNKkaDDH | BNKADDL | cL | RACL |
TYPE rw rw rw w w rw, w w rw w rw rw
0 0 0 0 0 0 0O 0 oO 0 1 1 1 1 0 0
RESET
0x003C
Table 7-8. SDRAM Control Register Description
Name Description Setting
SDEN SDRAM Enable—When this bit is set, together‘with 0 = SDRAM disable.
Bit 15 the DRAM enable bit (bit 9 of the CSD register) being 1 = SDRAM enable (see description for
set and the EDO bit (DRAMC register bit 10).being other bits that must be set).
cleared, the SDRAM operation is enabled.
CPM Continuous Page Mode—This bit enables the DRAM | 0 = SDRAM not in continuous page mode.
Bit 14 to operate in continuous page mode. DRAM will only 1 = SDRAM in continuous page mode.
be precharged during a page-miss condition.
Reserved Reserved This bit is reserved and must be set to 0.
Bit 13
RE Refresh Enable—This bit enables the refresh cycle for | 0 = SDRAM Refresh cycle not enabled.
Bit 12 SDRAM. 1 = SDRAM refresh cycle enabled.
IP Initiate All Bank Precharge:.Command—Setting this 0 = IP command to SDRAM disabled.
Bit 11 bit triggers the precharge command for all banks of 1 =IP command to SDRAM enabled.
SDRAM.
MR Initiate Mode Register Set Command—Setting this 0 = MR command to SDRAM disabled.
Bit 10 bit triggers the load mode register command to 1 = MR command to SDRAM enabled.
SDRAM.
Reserved Reserved These bits are reserved and should be set
Bits 9—-7 to 0.
SCOL SDRAM Column:Option—This bit selects the SDRAM | 0 = PA1 (normally for 16-bit SDRAM).
Bit 6 column address.MDO. 1 = PAO (normally for 8-bit SDRAM).
BNKADDH | SDRAM High Order Bank Address Line 00 = PA20.
Bits 5-4 Selection—A 2-bit bank register selection address is 01 = PA22.
generated by selecting the appropriate CPU address 10 = PA24.
line. This register bit allows selection of the high order 11 = Force this bank address line to 0.
bit.
See Table 7-9 on page 7-17 for program-
ming examples.
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Table 7-8. SDRAM Control Register Description (Continued)

Name Description Setting
BNKADDL | SDRAM Low Order Bank Address Line 00 = PA19.
Bits 3-2 Selection—A 2-bit bank register selection address is 01 = PA21.

generated by selecting the appropriate CPU address 10 = PA23.
line. This register bit allows selection of the low order 11 = Force this bank address line to 0.

bit.
See Table 7-9 for programming examples.
CL CAS Latency—This bit selects the CAS latency for the | 0'=CAS latency is 1 clock count.
Bit 1 SDRAM cycle. The bit must be programmed before the | 1 = CAS latency is 2 clock counts.

initialization sequence.

RACL Refresh to Active Command Latency—This bit 0 = 3 Clock counts.
Bit 0 selects the latency for SDRAM from refresh to active 1 =6 Clock counts.
cycle.
Table 7-9. SDRAM Bank Address‘Programming Examples
Application BNKADDH | BNKADDL Remarks

Make all SDRAM appear as one 11 11 None
single bank
Two banks of SDRAM—for exam- 00 11 Choose PA20 as bank selection address
ple, 16 Mbyte
Four banks of SDRAM—for 01 10 Choose PA22 and PA21 as bank selection
example, 64 Mbyte address
Four banks of SDRAM—for 01 10 Choose PA22 and PA23 as bank selection
example, 128 Mbyte address
Four banks of SDRAM—for 10 10 Choose PA24 and PA23 as bank selection
example, 256 Mbyte address

Note: These bits are all setin EDO RAM or Fast Page Mode, allowing the use of only one page register.
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7.3.4 SDRAM Power-down Register

Thisregister controls how the SDRAM and the MC68V Z328 operate during a power-down operation. The
bit position and values are shown in the following register display. The details-about the register settings
are described in Table 7-10.

Freescale Semiconductor, Inc.

SDPWDN SDRAM Power-down Register Ox(FF)FFFCO06
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| APEN [ PDEN | ‘ PDTOUT[3:0] ‘
TYPE w w rw w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-10. SDRAM Power-down Register Description
Name Description Settings
APEN SDRAM Active Power-down Enable—Therbit is set to 0 = APEN disabled.
Bit 15 make the SDRAM Chip Enable signal go.low immediately 1 = APEN enabled.
when the DRAM controller is not sending-a command, writ-
ing data, or reading data with the SDRAM.
PDEN SDRAM Precharged Power-down Enable—The bitis set | 0 = PDEN disabled.
Bit 14 to make the SDRAM Chip Enable signal go low when the 1 = PDEN enabled.
DRAM controller is not sending‘a'command after the
SDRAM is precharged for a certain time. The time depends
on the value in PDTOUT(3:0].
Reserved Reserved These bits are reserved and
Bits 13-12 should be set to 0.
PDTOUT [3:0] SDRAM Precharged Power-down Time Out—The bit is See the description.
Bits 11-8 set to make the SDRAM Chip Enable signal go low when a
time out occurs when the PDEN bit is set. Each binary unit
represents a maximum of 128 clocks. When in power-down
mode, SDRAM can be woken by a CPU or LCD access.
Reserved Reserved These bits are reserved and
Bits 7-0 should be set to 0.
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Chapter 8
LCD Controller

This chapter describes the operation of the liquid crystal display (LCD) controller and supplies the

programming information necessary to implement it in design projects. The LCD controller provides

display datafor external LCD driversor for an LCD panel. The LCD controller fetches display data

directly from system memory through periodic DMA transfer cycles. For this reason, an understanding of

the DRAM controller is recommended. For more information;-please refer to Chapter 7, “DRAM

Controller.” The LCD controller uses very little bus bandwidth, giving the core sufficient processing time.

8.1 LCD Controller Features

The following list describes the features of the LCD controller.

Both system and display memory that.is'shared, so that dedicated video memory is not required
Standard panel interface for industry-standard LCD drivers

Support for single (nonsplit) monochrome screen and color STN LCD panels through preprocessing
of image data with software

Fast fly-by-type, 16-bit-wide, burst DMA screen-refresh transfers from system memory
Maximum display size of 648512 pixels

Panel interface for 8-, 4-, 2-, . and 1-bit-wide LCD data bus

16 simultaneous grayscale.levels from a palette of 16 density levels

Hardware blinking cursor that is programmable to a maximum of 3L pixels

Hardware panning (soft horizontal and vertical scrolling)

8-bit PWM for software contrast control

New FRC algorithm-that improves the flickering effect found in 4- and 16-grayscale LCD panels
Support for self-refresh-type LCD panels
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Figure 8-1. LCD Controller Block Diagram

8.2 LCD Controller Operation

The LCD controller consists of CPU interface registers, control logic, a screen DMA controller, aline
buffer, cursor logic, framerate control, andan LCD panel interface. Figure 8-1 illustrates how these blocks
are organized.

The CPU interface registers provide control of different features of the LCD controller. Connected to the
CPU bus, the control logic provides theinternal control and counting signals for other blocksin the LCD
controller. The DMA generates a bus request (BR) signal to the core, and when the busiis granted, it
performs afew memory bursts to fill-up the line buffer. The number of DMA clock cyclesin each burst is
the programmable number of clocks per transfer, which makes it easier to support a system with memory
with different speed grades.

The line buffer collects display data from system memory during DMA cycles and outputs it to the cursor
logic block. The input is synchronized with the fast DMA clock, while the output is synchronized to the
relatively slow LCD pixel clock. The cursor contral logic, when enabled, is used to generate a
block-shaped cursor on the display screen. The height and width of the cursor can be changed, aslong asa
number between 1 and 31isused. The cursor may also be completely black or reversed video, and the
blinking rate is adjustable when the BKEN bit in the LCD blink control (LBLKC) register is set.

Frame rate control ismainly used for grayscale displays and generates a maximum of 16 grayscale levels
out of 16 density levels, as shown in Table 8-1 on page 8-7. The density level corresponds to the number of
times that a pixel isturned on when the display is refreshing. Since crystal formulations and driving
voltage may vary, the quality of the grayscale can be fine-tuned by programming the LCD gray palette
mapping register (LGPMR).
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The LCD interface logic is used to pack the display datainto the correct size and output it to the LCD
panel's data bus. The polarity of the LFLM, LP, and LClighals and pixel data can all be programmed
to suit different LCD panel requirements.

8.2.1 Connecting the LCD Controller to an LCD Panel

The following signals are used to connect the LCD controller to an LCD panel:

e LD[7:0]—The LCD Data bus lines transfer pixel data to the LCD panel so that it can be displayed.
Data is arranged differently on the bus, depending on which LCD panel mode is selected. The
output pixel data can be negated through programming..See Section 8.3.10, “LCD Polarity
Configuration Register,” for more information. The LCD.controller is initially configured to drive
single-screen monochrome LCD panels. The data bus size for an LCD panel can be configured to
1, 2, 4, or 8 bits by programming the LPICF register.

e LFLM—The LCD Frame Marker signal indicates the.start of a new display frame. LFLM becomes
active after the last line pulse of the frame and remains active until the next line pulse, at which point
it deasserts and remains inactive until the next frame. The LFLM can be programmed to be an active
high or active low signal in software. See Section 8.3.10, “LCD Polarity Configuration Register,”
for more information.

e LLP—The LCD Line Pulse signal is used to latch a line of shifted data onto an LCD panel. The LLP
can be programmed to be an active high or active low signal in software. See Section 8.3.10, “LCD
Polarity Configuration Register,” for more information.

e LCLK—The LCD Shift Clock signal is the clock output to which the output data to the LCD panel
is synchronized. The LCLK can be programmed to be an active high or active low signal in
software. See Section 8.3.10, “LCD Polarity Configuration Register,” for more information.

e LACD—The LCD Alternate Crystal Direction output signal is toggled to alternate the crystal
polarization on the panel. This signal can be programmed to toggle for a period of 1 to 16 frames.
The LACD signal will toggle after a preprogrammed number of FLM or LP pulses. It can be
programmed so that the LACD _will toggle once every 1 to N frames or LLP pulse. The targeted
number N is equal to the alternation code’s 7-bit value plus one. The default value for LACDRC is
0, which enables the LACD signal to toggle on every frame. See Section 8.3.11, “LACD Rate
Control Register,” for more information.

8.2.1.1 Panel Interface Timing

The LCD controller continuously passes the pixel data into the LCD panel via the LCD data bus. The bus
is timed by the LCLK, LLP, and'LFLM signals. The LCLK signal clocks the pixel data into the display
drivers’ internal shift register. The LLP signal latches the shifted pixel data into a wide latch at the end of a
line, while the LFLM signal marks the first line of the displayed page.

The LCD controller is designed to support most monochrome LCD panels. Figure 8-2 on page 8-4
illustrates the LCD interface timing for 1-, 2-, and 4-bit LCD data bus operation. The LLP signal signifies
the end of the current line of serial data. The LLP signal enclosed by the LFLM signal marks the end of the
first line of the current-frame.

Some LCD panels canruse an active low LFLM, LLP, or LCLK signal and reversed pixel data. To change
the polarity of these signals, set the FLMPOL, LPPOL, LCKPOL, and PIXPOL bits in the LCD polarity
configuration (LPOLCF) register to 1. In addition to the interface timing pins, the LACD pin will toggle
after a preprogrammed number of LFLM pulses. The purpose of this pin is to prevent the crystal in the
LCD panel from degrading.
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LFLM
LINE1l ~LINE2 ~LINE3 —LINE4 LINEn ~LINE 1
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4-bit LCD data bus (PBSIZ = 10)

LD3 SXOOXKX 100 X 140 X (801 X {1760 X [80.0] ) XIm-8,0] X [m-4,0 X XXX
LD2 YXOXOXXX 1w X 150 X 190 X 1m0 X 819 X K m7,0 X m-30 XOXXX
LD1 XXXXX 1201 X 160 X 1100 X X 1780 X 1820 X XIm-6.01 X[m-2.00 X XXX
LDO XXX 130 X170 X (110] X, Kimo0 X 1830 Y, X1m5.00 X [m-1,.0] XOOKK

2-bit LCD data bu$ (PBSIZ = 01)
LD1 XOXXXX 100 X_[200 X_[40] X X 1380 X [400] X XIm-4.0] X Im-2,0 X XXX
LDO XXX 1 X 180 X 1501 X £039.01 X (410 X XIm-3.00 X m-1.0] XXX

1- bit LGD/data bus (PBSIZ = 00)
LDO XOXXXX_ 100 X_[1.0] X_[20 X X 1100 X [200 X Xim-201 X [m-1,0 )XOXXX

Figure 8-2. LCD Interface Timing for 4-, 2-, and 1-Bit Data Widths

8.2.2 Controlling the Display

The LCD controller isdesigned todrive single-screen monochrome STN LCD panelswith up to 640 x 512
pixelsin black-and-white display and 320 x 240 pixelsin gray level display. A screen size larger than
320 x 240 for gray level display may cause flickering due to a slow refresh rate. The best efficiency is
achieved when the screen width is a multiple of the DMA controller’'s 16-bit bus width.

8.2.2.1 Format of the LCD Screen

The screen width and height of the LCD panel are programmable through software. Figure 8-3 on page 8-5
illustrates the relationship between the portion of a large graphics file displayed on the screen and the
actual page. The units in the figure are measured in pixel counts.
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Figure 8-3. LCD Screen Format

The LCD screen width (LXMAX) and LCD screen height-(LY MAX) registers are where the size of the
LCD pandl is specified. The LCD controller will start scanning the display memory at the location pointed
to by the LCD screen starting address (LSSA) register. Therefore, the shaded areain Figure 8-3 will be
displayed on the LCD panel.

The maximum page width and page height are specified by the LCD virtual page width (LVPW) and LCD

virtual page height parameters. By changing the LSSA register, a screen-sized window can be vertically or
horizontally scrolled (panned) anywhere insidethe virtual page boundaries. However, it is up to the

programmer, through software, to position the starting address so that the scanning logic’s system memory
pointer does not stretch beyond the virtual-page width or height. Otherwise, strange objects will appear on
the screen. The LVPH parameter shows the bottom of the page, but it is not used by the LCD controller.

8.2.2.2 Format of the Cursor

To define the position of the hardware cursor, the LCD controller maintains a vertical line counter (YCNT)
to keep track of the current pixel’s'vertical position. YCNT, in conjunction with XCNT (the horizontal

pixel counter), specifies the screen position of the pixel data being processed. When the pixel falls within a
window specified by the cursor’s reference position, cursor width, and cursor height, the original pixel bits
can be shown with different properties. These properties can be transparent (cursor is disabled), full (black
cursor), reversed video, full (white cursor), or blinking. The hardware cursor blink can be made to blink by
setting the BKEN bit in the’'LBLKC register to 1, which alternates the original signal and cursor
periodically. The speed at which the cursor blinks may be controlled by selecting the BDx bit in the
LBLKC register. The half-period may be as long as 2 seconds.
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8.2.2.3 Mapping the Display Data

The LCD controller supports 1 or 2 bits per pixel graphics mode. In the 1-bit mode, each bit in the display
memory corresponds to apixel in the LCD panel. The corresponding pixel on.the screen is either fully on
or fully off. In 2-bit mode, each pixel is represented by two bits of display memory. To map the data to the
L CD panel, program the appropriate bit in the corresponding address of the display memory. Figure 8-4
illustrates how the system memory datain both modes are mapped.

LCD Drivers
©.0) || @0 [| 2.0 (X-1,0)
&
2
A
(@)
S
©OY-1| |(1.Y-1) |2Y-1) (X-1,Y-1
1-bit-per-pixel mode
7 6 5 4 3 2 1 0
. (0,0) (1,0) (2,0) (3,0) (4,0) (5,0) (6,0) (7,0)
Display
Mapping
(X-8,Y-1) (X-7,Y-1) (X-6,Y-1) (X-5,Y-1) (X-4,Y-1) (X-3,Y-1) (X-2,Y-1) (X-1,Y-1)
2-bits-per-pixel mode
7 6 5 4 3 2 1 0
(0,0) (1,0 (2,0) (3,0
Display (X-4,Y-1) (X-3,Y-1) (X-2,Y-1) (X-1,Y-1)
Mapping | | | |

Figure 8-4. Mapping Memory Data on the Screen

8.2.2.4 Generating Grayscale Tones

In 2-bits-per-pixel mode, circuitry inside the LCD controller generates intermediate grayscal e tones on the
L CD panel by adjusting-the density of ones and zeroes that appear over the frames. The LCD controller
can generate 16 simultaneous grayscale levels out of a palette consisting of 16 shades. The two levels
between black and white can be selected using the information in Table 8-1 on page 8-7. Use the LGPMR

registersto program the grayscale level.
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Table 8-1. Grey Palette Density

Gray Code (Hex) | Density Density (in Decimal)
0 0 0
1 1/8 0.125
2 1/5 0.2
3 1/4 0.25
4 1/3 0.333
5 2/5 0.4
6 4/9 0.444
7 1/2 0.5
8 5/9 0.555
9 3/5 0.6
A 2/3 0.666
B 3/4 0.75
C 4/5 0.8
D 718 0.875
E 14/15 0.933
F 1 1

Since crystal formulations and driving voltages vary, the visual grayscale effect may or may not be linearly
related to the frame rate. For certain typesof graphics, alogarithmic scale like zero, one-fourth, one-half,
and one might be more visually pleasing.than alinearly spaced scale like zero, five-sixteenths,
eleven-sixteenths, and one. This flexible mapping scheme allows optimizing the visual effect for the
specific panel or application during afour-level grayscale display mode.

NOTE:

The Controlling Frame Rate Modulation function available in previous
versions of the DragonBall integrated processor is not available in the
MC68VZ328.
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8.2.3 Using Low-Power Mode

Some panels may have aPANEL _OFF signal, which is used to turn off the panel for low-power mode. In
an MC68V Z328 system, this signal is not supported, but can be easily implemented using a parallel 1/0
pin. The software can be programmed to achieve PANEL _OFF by using parallel 1/0 in the following
sequence:

1. Drivethe LCD biasvoltageto 0 V.
2. Setthe LCDON bit to 0 in the LCD clocking control (LCKCON) register, turning off the
LCD controller.
To turn the LCD controller back on, follow the following steps:
1. Setthe LCDON hitto 1inthe LCKCON register, which-turns on the LCD controller.
2. Pauseforlor2ms.
3. Drivethe LCD biasvoltageto +15V or -15 V.

When setting the LCDON bit inthe CLKCON register to 0,,the LCD controller will enter low-power mode
by stopping its own pixel clock prior to the next line buffer fill DMA. Further screen DMA and display
refresh operations will then be halted in this mode. Whenthe LCD controller isturned back on, DMA and
screen refresh activities will resume synchronously.

8.2.4 Using the DMA Controller

The LCD DMA controller isafly-by-type, 16-bit-wide, fast data transfer device. Sincethe LCD screen has
to be continuously refreshed at arate of 50 Hz to 70 Hz, the pixel bitsin the memory will be read and
transferred to the corresponding pixels on the screen. To minimize bus obstruction, a burst type and fly-by
transfer isrequired. Each cycle is evenly distributed across the time frame. Every time the internal line
buffer needs data, it asserts the BR signal to request the bus from the core. Once the core grants the bus
(BG is asserted), the DMA controller gets control of the bus signal and issues anumber of words read from
memory. The read dataisthen internally passed to theinternal pixel buffer. During the LCD access cycles,
output enable and chip-select signas for the corresponding system memory chip are asserted by the
chip-select logic inside the system integration module. It is possible to minimize bus bandwidth
obstruction by using zero LCD access wait-states (one clock per access).

8.2.4.1 Bus Bandwidth Calculation Example

Since LCD screen refresh occurs periodically, the load that the LCD controller puts on the host data bus
becomes an important consideration to the high-performance handheld system designer. There are many
issues involved in estimatingbandwidth overhead to the data bus. Consider atypical scenario:

e Screen size: 328 240 pixels
» Bits per pixel: 2/bits per pixel
» Screen refresh.rate: 60 Hz
e System clock: 16.58 MHz
e Host bus size: 16 bit
« DMA accesscycle: 2 cycles per 16-bit word
The following T, period is used by the LCD controller to update one line of the screen:
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~ 80 Hz 240 lines
= 694 us

During the same period, the line buffer must befilled. The following Tpy 4 duration is how long the DMA
cyclewill hold up the bus:

T _ 320 pixels x 2 bits per pixel x 2 clocks
DMA 16.67 MHz x 16-bit bus

= 4.8 us

Thus, the percentage of host bus time taken up by the LCD controller’s DMA is Ryya:
P _ 48" us
DMA ™ 69.4° s
= 6.92'%

8.2.5 Self-Refresh Mode

The LCD driver from Epson was used as a reference for the design of the refresh mode. In self-refresh
mode, the LCD module will update the screen periodically from internal RAM using the LP and FRM
pulse.

8.2.5.1 Entering Self-Refresh Mode

Setting the self-refresh register bit 7 to 1 means that the LSCLK and LD will remain 0 when the end of the
frame is reached. The LP and FRM pulse continue as in normal mode, but there are no pulses on either the
LSCLK or LD.

8.2.5.2 Canceling Self-Refresh Mode

Setting the self-refresh register bit 7 to-0 means that the normal mode is entered when the end of the frame
is reached. On entering normal mode, data is sent out from the beginning of the page.

(M) moToroLa LCD Controller 8-9

For More Information On This Product,
Go to: www.freescale.com



Programming Model

Freescale Semiconductor, Inc.

8.3 Programming Model

The remaining sections of this chapter provide detailed descriptions of the registers, their settings, and
sample programming exampl es.

8.3.1 LCD Screen Starting Address Register

The LCD screen starting address (LSSA) register is used to inform the LCD panel where to fetch the data
to be displayed. The bit assignments for the register are shown in the following register display. The
settings for the bitsin the register are listed in Table 8-2.

LSSA LCD Screen Starting Address Register Ox(FF)FFFAOO
% 30 20 28 27 2 25 24 2.2 2 20 19 18 17 57
SSA SS SS SS SS SS SS SS SS SS SS SS SS SS SS SSA
31 | A30 | A29 | A28 | A27 | A26 | A25 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 16
TYPE w w w rw w w w w w w w rw w w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSA | SS | SS | SS | SS | SS | SS/|.SS | SS | SS | SS | SS | SS | SS | SS
15 | Al4 | A13 | A12 | A11 | A10 | A9-( A8 | A7T | A6 | A5 | A4 | A3 | A2 | AL
TYPE w rw w rw rw w w. rw w w rw rw w rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 8-2. LCD Screen Starting Address Register Description
Name Description Setting
SSAX Screen Starting Address 31-1—This field is the screen starting address See description.
Bits 31-1 of the LCD panel. The LCD controller will start fetching pixel data from sys-
tem memory at this address. This field must start at a location that will
enable a complete pictureto be stored in 1 Mbyte memory boundary
(A[19:00]). In other words, A[31:20] has a fixed value for a picture’s image.
Reserved Reserved This bit is reserved
Bit 0 and should be set to 0.
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8.3.2 LCD Virtual Page Width Register

The LCD virtual page width (LVPW) register contains the width of the displayed image. The bit
assignments for the register are shown in the following register display. Thesettings for the bitsin the
register are listed in Table 8-3.

LVPW LCD Virtual Page Width Register Ox(FF)FFFAQ5
BIT 7 6 5 4 3 2 1 BITO
| VP8 | VP7 | VP6 | VP5 | VP4 [ VP3 | VP2 | VP1 |
TYPE rw w w w rw w rw w
1 1 1 1 1 1 1 1
RESET
OxFF

Table 8-3. LCD Virtual Page Width Register Description

Name Description Setting

VPx Virtual Page Width 8-1—These bits specify the virtual page width of the LCD panel | See descrip-
Bits 7-0 | in terms of word count. The virtual page width is:the virtual width in pixels divided by | tion

16 for a black-and-white display, by 8 for a 4-grayscale display, and by 4 for a
16-grayscale display.

8.3.3 LCD Screen Width Register

The LCD screen width register (LXMAX) isused to specify the width of the LCD panel’'s screen in pixels.
This register must be a multiple of 16. The bit assignments for the register are shown in the following
register display. The settings for the bits in.the register are listed in Table 8-4.

LXMAX LCD _Screen Width Register Ox(FF)FFFA08
BIT15 14 13 12 1110 9 8 7 6 5 4 3 2 1 BITO
‘ ‘ xmg‘ xms‘ XM7‘ XMG‘ XMS‘ XM4‘ ‘
TYPE rw rw rw w w w
0 o0 0 0 0 1 1 1 1 1 1 0o 0 O 0
RESET
0x03F0

Table 8-4. LCD Screen Width Register Description

Name Description Setting
Reserved Reserved These bits are reserved and
Bits 15-10 should be set to 0.
XMx Maximum Width 9—4—These bits represent the width of the LCD | See description.
Bits 9-4 panelin the number of pixels.
Reserved Reserved These bits are reserved and
Bits 3-0 should be set to 0.
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8.3.4 LCD Screen Height Register

The LCD screen height register (LYMAX) is used to define the height of the LCD panel’s screen in pixels.
The bit assignments for the register are shown in the following register.display. The settings for the bits in
the register are listed in Table 8-5.

LYMAX LCD Screen Height Register Ox(FF)FFFAOA
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
| | YM8| YM7| YM6| YM5| YM4| YM3| YM2| YM1| YMO
TYPE rw rw w w w rw rw w w
0 0 0 o0 O 0 0 1 1 1 1 1 1 1 1 1
RESET
OX01FF

Table 8-5. LCD Screen Height Register Description

Name Description Setting
Reserved Reserved These bits are reserved and
Bits 15-9 should be set to 0.

YMx Maximum Height 8-0—These bits represent.the height of the See description.
Bits 8-0 LCD panel in the number of pixels, which is equal to YMAX + 1.

8.3.5 LCD Cursor X Position'Register

The LCD cursor X position (LCXP) register is used to determine the horizontal pixel position of the cursor
on the LCD panel. The bit assignments for the register are shown in the following register display. The
settings for the bits in the register are listed in Table 8-6.

LCXP LCD Cursor X Position Register Ox(FF)FFFA18
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
CX | CX | CX | CX|CX|CX|CX]|CX|CX
cel cco Po | P8 | P7 | P6 | P5 | P4 | P3| P2 | p1 | CXPO
TYPE rw rw rw w w rw rw w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 8<6. LCD Cursor X Position Register Description
Name Description Setting
CCx Cursor Control 1 and 0—These bits are used to control 00 = Transparent, cursor is disabled.
Bits 15-14 the format of the cursor. 01 = Full (black) cursor.
10 = Reversed video.
11 = Full (white) cursor.
Reserved Reserved These bits are reserved and should
Bits 13-10 be set to 0.
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Table 8-6. LCD Cursor X Position Register Description (Continued)

Programming Model

Name Description Setting
CXPx Cursor X Position 9-0 —These bits represent the cursor's | See.description.
Bits 9-0 horizontal starting position, X, in terms of pixel count (from O

to XMAX).

8.3.6 LCD Cursor Y Position Register

TheLCD cursor Y position (LCY P) register is used to determine the vertical pixel position of the cursor on

the LCD panel. The bit assignments for the register are shown in the following register display. The

settings for the bitsin the register are listed in Table 8-7.

LCYP LCD Cursor Y Position-Register Ox(FF)FFFA1A
BIT5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
CYP | CYP«| CYP | CYP | CYP | CYP | CYP | CYP
8 7 6 5 4 3 2 1 CYPo
TYPE rw rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 8-7. LCD Cursor Y Position Register Description
Name Description Setting
Reserved Reserved These bits are reserved
Bits 15-9 and should be setto 0.
CYPx Cursor Vertical Y Pixel 8-0 —These bits represent the cursor’s vertical | See description.
Bits 8-0 starting position, Y, in terms of pixel count (from 0 to YMAX).
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8.3.7 LCD Cursor Width and Height Register

The LCD cursor width and height (LCWCH) register is used to determine the width and height of the
cursor, in screen pixels. The bit assignments for the register are shown in thefollowing register display.
The settings for the bitsin the register are listed in Table 8-8.

LCWCH LCD Cursor Width and Height Register Ox(FF)FFFA1C
BIT BIT
s 14 13 12 11 10 9 8 7 6 |5 4 3 2 1 0
‘ ‘cmm ‘CMB ‘cm& ‘cmu ‘cmm ‘ ‘ CH4‘ CHS‘ CHZ‘ CHl‘ CHO‘
TYPE w rw rw w rw rw rw rw rw w
0 O 0 0 0 0 1 0/0" 0 0 0 o o 1
RESET
0x0101

Table 8-8. LCD Cursor Width and Height Register Description

Name Description Setting
Reserved Reserved These bits are reserved
Bits 15-13 and should be set to 0.
CWx Cursor Width 4-0 —These bits specify the width of the See description.

Bits 12-8 hardware cursor in pixel count (from 1 to 31).

Reserved Reserved These bits are reserved
Bits 7-5 and should be set to 0.
CHXx Cursor Height 4-0 —These bits specify the height of the See description.

Bits 4-0 hardware cursor in pixel.count (from 1 to 31).

Note: The cursor is disabled if the CWx or CHx bits are set to 0.

8.3.8 LCD Blink Control Register

The LCD blink control register (LBLKC) is used to control how the cursor blinks. The bit assignments for
the register are shown in the following register display. The settings for the bitsin the register arelisted in
Table 8-9 on page 8-15.
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LBLKC LCD Blink Control Register Ox(FF)FFFA1F
BIT 7 6 5 4 3 2 1 BIT O
| Bken | Bp6 | BDs | Bp4 | BD3 | BD2 | BDL | BDO |
TYPE w rw rw w rw w rw rw
0 1 1 1 1 1 1 1
RESET
Ox7F
Table 8-9. LCD Blink Control Register Description
Name Description Setting
BKEN Blink Enable—This bit determines if the cursor will blink‘er remain 1 = Blink is enabled
Bit 7 steady. 0 = Blink is disabled (default)
BDx Blink Divisor 6-0 —These bits determine if the cursor will toggle See description
Bits 6-0 once per a specified number of internal frame pulses plus one. The
half-period may be as long as 2 seconds.

8.3.9 LCD Panel Interface Configuration Register

The LCD panel interface configuration (LPICF) register is used to determine the data bus width of the
LCD panel and to determineif it is a black-and-white or grayscale display. The bit assignments for the
register are shown in the following register display. The settings for the bitsin the register arelisted in

Table 8-10.
LPICF LCD Panel Interface Configuration Register Ox(FF)FFFA20
BIT7 6 5 4 3 2 1 BITO
\ \ PBSIZ1-0 \ GS1-0 |
TYPE w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00
Table 8-10. LCD-Panel Interface Configuration Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-4
PBSIZ1-0 Panel Bus Width 1-0 —These bits specify 00 =1 bit.
Bits 3-2 the bus width.of the LCD panel. 01 =2 bit.
10 = 4 bit.
11 = 8 hit.
GS1-0 Grayscale Mode Selection 1-0 —These 00 = Black-and-white mode.
Bits 1-0 bits determine the mode of operation of the | 01 = Four-level grayscale mode.

grayscale display device.
11 = Reserved.

10 = Sixteen-level grayscale mode.

@ MOTOROLA

LCD Controller

For More Information On This Product,

Go to: www.freescale.com

8-15



Programming Model Freescale Semiconductor, Inc.

8.3.10 LCD Polarity Configuration Register

The LCD polarity configuration (LPOL CF) register controls the polarity of the interface signal that goesto
the LCD pandl. The bit assignments for the register are shown in the followingregister display. The
settings for the bitsin the register are listed in Table 8-11.

LPOLCF LCD Polarity Configuration Register Ox(FF)FFFA21
BIT 7 6 5 4 3 2 1 BIT O
| | LCKPOL | FLMPOL | LPPOL | PIXPOL |
TYPE w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 8-11. LCD Polarity Configuration Register Description

Name Description Setting
Reserved | Reserved These bits are reserved and should
Bits 7-4 be set to 0.

LCKPOL | LCD Shift Clock Polarity—This bit controls the polarity of the | 0 = Active negative edge of LCLK.

Bit 3 active edge of the LCD shift clock. 1 = Active positive edge of LCLK.
FLMPOL | Frame Marker Polarity—This bit controls the polarity of the 0 = Frame marker is active high.
Bit 2 frame marker. 1 = Frame marker is active low.

LPPOL Line Pulse Polarity—This bit controls the polarity of the line 0 = Line pulse is active high.

Bit 1 pulse. 1 = Line pulse is active low.
PIXPOL 0 = Pixel polarity is active high.
Bit 0 Pixel Polarity—This bit controls the polarity of the pixels. 1 = Pixel polarity is active low.

8.3.11 LACD Rate Control Register

The LCD dternate crystal directionrate control (LACDRC) register is used to control the aternate rates of
theliquid crystal direction. The bit-assignments for the register are shown in the following register display.
The settings for the bitsin the register are listed in Table 8-12 on page 8-17.
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LACDRC LACD Rate Control Register Ox(FF)FFFA23
BIT7 6 5 4 3 2 1 BITO
‘ ACDSLT ‘ ACD6 ‘ ACD5 ‘ ACD4 ‘ ACD3 ‘ ACD2 ‘ ACD1 ‘ ACDO
TYPE w w rw w w w w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 8-12. LACD Rate Control Register Description

Name Description Setting
ACDSLT Clock Source Select—This bit selects the clock source for the 0 = Select frame pulse as input
Bit 7 internal counter that generates an LACD signal. clock
1 = Select line pulse as input
clock
ACDx Alternate Crystal Direction Control 6-0 —These bhits represent See description

Bits 6-0 the ACD toggle rate control code. The LACD signal'will toggle
once every 1 to 128 FLM/LP cycles based on the value specified
in this register. The actual number of FLM cyclesiis the value pro-
grammed plus one. Shorter cycles tend to give better results.

8.3.12 LCD Pixel Clock Divider Register

The LCD pixel clock divider (LPXCD) registeris used to program the divider, which generates the pixel
clock. The bit assignments for the register are shown in the following register display. The settings for the
bitsin the register are listed in Table 8-13.

LPXCD LCD Pixel Clock Divider Register Ox(FF)FFFA25
BIT7 6 5 4 3 2 1 BITO
‘ ‘ PCD5 ‘ PCD4 ‘ PCD3 ‘ PCD2 ‘ PCD1 ‘ PCDO
TYPE w rw w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 8-13. "LCD Pixel Clock Divider Register Description

Name Description Setting
Reserved | Reserved These bits are reserved
Bits 7-6 and should be set to 0.
PCDx Pixel Clock.Divider 5-0 —These bits represent the pixel clock divisor. See description.

Bits 5-0 The LCDCLK: signal from the PLL is divided by N (PCD5-0 + 1) to yield
the actual pixel clock. Values of 1-63 will yield N = 2 to N = 64. If these
bits are'set to 0 (N = 1), the PIX clock will be used directly, bypassing
the divider circuit. Refer to Chapter 4, “Clock Generation Module and
Power Control Module,” for more information.
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8.3.13 LCD Clocking Control Register

The LCD clocking control (LCKCON) register is used to enable the LCD controller and control the LCD
memory cycle. The bit assignments for the register are shown in the followingregister display. The
settings for the bitsin the register are listed in Table 8-14.

LCKCON LCD Clocking Control Register Ox(FF)FFFA27
BIT 7 6 5 4 3 2 1 BIT O
| LCDON | Unused |
TYPE rw rw rw rw rw rw w rw
RESET 0 0 0 0 0 0 0 0
0x00

Table 8-14. LCD Clocking Control Register Description

Name Description Setting

LCDON LCD Control—This bit enables the LCD controller..Default is 0 = Disable the LCD controller
Bit 7 off. 1 = Enable the LCD controller

Unused These bits are not used by the chip and may be-used for tem- See description
Bits 6-0 porary storage. At reset these bits are cleared.

8.3.14 LCD Refresh Rate Adjustment Register

The LCD refresh rate adjustment (LRRA) register is used to fine-tune the display refresh rate by
introducing an idle interval between alternate LCD DMA and display cycles. The bit assignments for the
register are shown in the following register-display. The settings for the bitsin the register arelisted in
Table 8-15.

LRRA LCD Refresh Rate Adjustment Register Ox(FF)FFFA28
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
| | RRA[9:0] |
TYPE rw rw rw rw rw w w w rw rw
0 0 0 0 0 o o 1 1 1 1 1 1 1 1
RESET
OXOOFF

Table 8-15. LCD Refresh Rate Adjustment Register Description

Name Description Setting
Reserved Reserved These bits
Bits 15-10 arereserved

and should
be set to 0.
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Table 8-15. LCD Refresh Rate Adjustment Register Description (Continued)

Name Description Setting
RRAX Refresh Rate 9—0 —These bits contain the frame period, which can be calculated as | See descrip-
Bits 9-0 follows: tion.

FRAME PERIOD = (12 + XMAX + RRA) x YMAX x (PXCD + 1) x LCDCLK_PERIOD
where:

Frame period = time for each screen update

XMAX = screen width in number of pixels

RRA = hexadecimal value stored in the LRRA register

YMAX = screen height in number of pixels

PXCD = hexadecimal value stored in the LPXCD register

LCDCLK_PERIOD: refer to Section 4.4.1, “PLL Control Register,” on page 4-8 for
setting LCDCLK period

8.3.15 LCD Panning Offset Register

The LCD panning offset register (LPOSR) is used to control how many pixels the picture is shifted to the
left. The bit assignments for the register are shown in the following register display. The settings for the
bitsin the register are listed in Table 8-16.

LPOSR LCD Panning Offset Register Ox(FF)FFFA2D
BIT 7 6 5 4 3 2 1 BIT O
‘ ‘ POS3 ‘ POS2 ‘ POS1 ‘ POSO ‘
TYPE w rw w rw
0 0 0 0 o 0 0 0
RESET
0x00

Table 8-16. LCDPanning Offset Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 7—4 0.
POSx Pixel Offset Code—These bits specify the number 0001 = Picture is shifted 1 pixel to the left.

Bits 3—-0 of pixels being shifted:to the left of the display panel. | 0010 = Picture is shifted 2 pixels to the left.
This is independent of the black-and-white or gray
mode.

1111 = Picture is shifted 15 pixels to the left.

Note: When the LOPSR register is being modified, the software must adjust the cursor’s reference position.

8.3.16 LCD Frame Rate Control Modulation Register

This register of address space Ox(FF)FFFA 31 is used for frame rate modulation control in the
MCB68EZ328, but it is unused in the MC68V Z328. Thisregister is removed and not available for the
temporary storage of data.
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8.3.17 LCD Gray Palette Mapping Register

For four-level grayscale displays, full black and full white are the two predefined display levels. The other
two intermediate grayscale shading densities can be adjusted in the LCD gray-pal ette mapping register
(LGPMR). Thebit assignmentsfor the register are shown in the following register display. The settingsfor
the bits in the register are listed in Table 8-17.

LGPMR LCD Gray Palette Mapping Register Ox(FF)FFFA33
BIT 7 6 5 4 3 2 1 BIT 0
\ G23 \ G22 \ G21 \ G20 \ G13 \ G12 \ G11 \ G10 \
TYPE w w w w w w rw w
1 0 0 0 0 1 0 0
RESET
0x84

Table 8-17. LCD Gray Palette Mapping Register Description

Name Description Setting

G23-G20 Grayscale 23-20—These bits represent one‘of the two gray- | See description
Bits 7-4 scale shading densities.

G13-G10 Grayscale 13-10—These bits represent the other grayscale See description
Bits 3-0 shading density.

8.3.18 PWM Contrast Control Register

The pulse-width modulator contrast control register (PWMR) is used to control the PWMO signal, which
adjusts the contrast of the LCD panel. Thehit assignments for the register are shown in the following
register display. The settings for the bits inthe register are listed in Table 8-18.

PWMR PWM Contrast Control Register Ox(FF)FFFA36
BIT BIT
15 14 13 12 11, 710 9 8 7 6 5 4 3 2 1 0
CCPE | PW | PW | PW | PW | PW | PW | PW | PW
SRC1-0 N 7 6 5 4 3 2 1 0
TYPE rw w rw w w rw w w rw w w
0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table8-18. PWM Contrast Control Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 15-11 be set to 0.
SRC1-0 Source 1-0—These bits select the input clock source for the 00 = Line pulse.
Bits 10-9 PWM: counter. The PWM output frequency is equal to the fre- 01 = Pixel clock.
quency of the input clock divided by 256. 10 = LCD clock.
11 = Reserved.
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Table 8-18. PWM Contrast Control Register Description (Continued)

Name Description Setting
CCPEN Contrast Control Enable—This bit is used to enable or dis- 0 = Contrast control is off.
Bit 8 able the contrast control function. 1 =Contrast control is on.
PWx Pulse Width 7-0—This bit controls the pulse-width of the See description.

Bits 7-0 built-in pulse-width modulator, which controls the contrast of
the LCD screen. See Chapter 15, “Pulse-Width Modulator 1
and 2,” for more information.

8.3.19 Refresh Mode Control Register

Only asingle bit in thisregister is used to enable or disable LCD self-refresh mode. The remaining bits are
reserved. The bit assignment for the register is shown in the following register display. The settings for the
bit in theregister islisted in Table 8-19.

RMCR Refresh Mode Control Register Ox(FF)FFFA38
BIT7 6 5 4 3 2 1 BITO
‘ REF_ON ‘ ‘
TYPE w
0 0 0 0 0 0 0 0
RESET
0x00
Table 8-19. Refresh Mode Control Register Description
Name Description Setting
REF_ON | Self-Refresh On—Setting this bit enables the self-refresh 0 = Disable self-refresh mode.
Bit 7 mode of operation with the LCD panel. 1 = Enter self-refresh mode.
Reserved | Reserved These bits are reserved and should
Bits 6—0 be set to 0.

Note: On entering self-refresh mode, the LSCLK and LD[7:0] signals stay low. FRM and LP work as normal.

@ MOTOROLA LCD Controller
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8.3.20 DMA Control Register

The LCD controller containsan 8 x 16 pixel buffer, which stores DMA-in datafrom system memory. This
dataisthen passed to the LCD for display. When enough data has been remaved from the buffer that it
needsto be refilled, anew DMA transfer must be initiated. The DMA control-register controls when the
buffer should be refilled and the DMA burst length used when refilling. The bit assignments for the
register are shown in the following register display. The settings for the bitsare listed in Table 8-20.

DMACR DMA Control Register Ox(FF)FFFA39
BIT7 6 5 4 3 2 1 BITO
\ DMABL[3:0] \ \ DMATMI[2:0] \
TYPE w rw rw w w rw rw
0 1 1 0 0 0 1 0
RESET
0x62

Table 8-20. DMA Control Register Description

Name Description Setting
DMABL[3:0] DMA Burst Length—This field sets the' number of words to be See description and table
Bits 7—4 loaded to the pixel buffer in each DMA cycle. footnote.

Reserved Reserved This bit is reserved and
Bit 3 should be set to 0.

DMATM[2:0] DMA Trigger Mark—This field sets'the low-level mark in the pixel | See description and table
Bits 2—0 buffer to trigger a DMA request. The low-level mark equals to the footnote.
number of words left in the pixel buffer.

Note: Since the FIFO size is 8 X 16, DMABL.and DMATM must be programmed based on the following criteria:
F HI+F LO<=8

1<=F HlI<=8

1<=F LO<=6

8.4 Programming Example

The following is an example of how to program the related registers to properly configure an LCD pand
with aresolution of 240 x 160 pixels, 4 levels of grayscale, and a 4-bit LCD datainterface. The virtual
image is 320 pixels wide and-panned by 3 pixels.

Example 8-1. Programming Example

LCDI NT nmove. | ‘#$A80000, #3FFFAO0 ; di spl ay data address starts at $A80000
nove. w #240, #$FFFAO8 ; LCD horizontal size is 240
nove. w.#159, #$FFFAOA ; LCD vertical size is 160
nove. b-#40, #3FFFA05 ;4 level gray and 320 pixel s w de i mage
nove. b: #$09, #$FFFA20 ; LCD panel data bus is 4 bits,4 |evel gray
nove. b #3, #$FFFA25 ; pi xel clock rate equal 1/4 of LCDCLK from PLL
nove. b #10, #$FFFA29 ;refresh rate adjust ment
nove. b #$03, #3FFFA2D ;shift picture by 3 pixels
nove. b #$82, #$FFFA27 ;switch on LCDC, 2 wait state for nenory cycle
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Chapter 9
Interrupt Controller

This chapter describes the interrupt controller and all of the signals associated with it. The interrupt
controller of the MC68V 2328 supports all internal interrupts aswell as external edge- and level-sensitive
interrupts. There are seven interrupt levels. Level 7 has the highest priority and level 1 has the lowest.
Interrupts can originate from the following sources.

EMUIRQ or hardware breakpoint interrupt (level.7)

IRQ6 external interrupt (level 6)

Timer unit 1 (level 6)

Timer unit 2 (configurable from level 1 to 6)

Pulse-width modulator unit 1 (level 6)

Pulse-width modulator unit 2 (configurable from level 1 to 6)
IRQ5 external interrupt—pen (level 5)

Serial peripheral interface unit 1 (configurable from level 1 to 6)
Serial peripheral interface unit 2 (level 4)

UART unit 1 (level 4)

UART unit 2 (configurable from level 1 to 6)

Software watchdog timer interrupt (level 4)

Real-time clock (level 4)

Real-time interrupt (level 4)

Keyboard interrupt (level4)

General-purpose interrupt IN3:0] (level 4)—these pins can be used as keyboard interrupts
IRQ3 external interrupt (level 3)

IRQ2 external interrupt (level 2)

IRQ1 external interrupt (level 1)

(M) moTroroLa Interrupt Controller 9-1
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9.1 Interrupt Processing

Interrupts on the MC68V 2328 are processed asillustrated in the flowchart shown in Figure 9-1. Details on
each stage of the flow diagram are as follows:

1. Theinterrupt controller collects interrupt events from both on- and off-chip peripherals.
Next, it prioritizes them and presents the highest priority request tothe CPU if there are no
higher interrupts pending; otherwise, the highest priority interrupt is served first.

2. TheCPU respondsto theinterrupt request by executing an interrupt acknowledge buscycle
after the completion of the current instruction.

3. Theinterrupt controller recognizestheinterrupt acknowledge (IACK) cycle and placesthe
interrupt vector for that interrupt request onto the CPU bus.

4. The CPU readsthe vector and address of the interrupt handler in the exception vector table
and begins execution at that address.

External or Internal
Interrupt
! ®

Interrupt Controller

A

Y

Prioritizes Interrupt @

Y

Higher Interrupt
?

FLX68000 CPU

@ OXFFF...

Y

Process Interrupt Interrupt Handler

Figure 9-1. Interrupt Processing Flowchart

Steps 2 and 4 are the responsibility-of the CPU, whereas steps 1 and 3 are the responsibility of the interrupt
controller. External devices must-not respond to IACK cycles with avector because the response is solely
the responsibility of the interrupt controller.

On the MC68V 2328, steps 2 and 4 operate exactly as they would on other M68000 devices, which are

described in the M68000 User’'s Manualln step 2, the CPU’s status register (SR) is available to mask
interrupts globally to determine which priority levels can currently generate interrupts. Also in step 2, the
interrupt acknowledge cycle is executed.

In step 4, the CPU reads the vector number, multiplies it by four to get the vector address, fetches a 4-byte
program address from that vector address, and then jumps to that 4-byte address. This 4-byte address is the
location of the firstinstruction in the interrupt handler.

The interrupt priority is based on the interrupt level. The interrupts with the same interrupt level are
prioritized by the software during the execution of the interrupt service routine. The MC68VZ328 provides
one interrupt vector for each interrupt level. The most significant 5 bits of the interrupt vector are
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programmable, but the lower 3 bits reflect the interrupt level that is being serviced. All interrupts are
maskable. Writing a 1 to a bit in the interrupt mask register disables that interrupt. If an interrupt is
masked, you can find out its status in the interrupt pending register.

9.2 EXxception Vectors

A vector number is an 8-bit number that can be multiplied by four to abtain the address of an exception
vector. An exception vector is the memory location from which the processor fetches the address of a
software routine that is used to handle an exception. Each exceptionhas a vector number and an exception
vector, asdescribed in Table 9-1. User interrupts are part of the exception processing on the MC68V 2328,
and the vector numbersfor user interrupts are configurable. For additional information regarding exception
processing, see the M68000 Family Programmer’s Reference Manual

Table 9-1. Exception Vector Assignment

Vector Number Address Number
Space! Assignment
Hex Decimal Decimal Hex
0 0 0 000 SP Reset: initial SSP?
1 1 4 004 SP Reset: initial PC
2 2 8 008 SD Bus error
3 3 12 ooC SD Address error
4 4 16 010 SD lllegal instruction
5 5 20 014 SD Divide-by-zero
6 6 24 018 SD CHK instruction
7 7 28 01C SD TRAPYV instruction
8 8 32 020 SD Privilege violation
9 9 36 024 SD Trace
A 10 40 028 SD Line 1010 emulator
B 11 44 02C SD Line 1111 emulator
c 12 48 030 SD Unassigned, reserved?
D 13 52 034 Sb Unassigned, reserved®
E 14 56 038 SD Unassigned, reserved?
F 15 60 03C SD Uninitialized interrupt vector
10-17 16-23 64-92 040-05C SD Unassigned, reserved3
18 24 96 060 Sb Spurious interrupt*
19 25 100 064 SD Level 1 interrupt autovector
@ MOTOROLA Interrupt Controller 9-3
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Table 9-1. Exception Vector Assignment (Continued)

Vector Number Address Number
Spacel Assignment
Hex Decimal Decimal Hex
1A 26 104 068 SD Level 2 interrupt autovector
1B 27 108 06C SD Level 3 interrupt autovector
1C 28 112 070 SD Level 4 interrupt autovector
1D 29 116 074 SD Level 5 interrupt autovector
1E 30 120 078 SD Level 6 interrupt autovector
1F 31 124 07C SD Level 7 interrupt autovector
20-2F 32-47 128-188 | 080-0BC SD TRAP instruction vectors®
30-3F 48-63 192-255 | OCO-OFF SD Unassigned, reserved3
40-FF 64-255 256-1020 | 100-3FC SD User interrupt vectors

1.SP denotes supervisor program space and SD denotes supervisor data space.

2.Reset vector 0 requires four words, unlike the other vectors which only require two words, and it is located

in the supervisor program space.

3.Vector numbers 12-14, 16-23, and 48—63 are reserved for future enhancements by Motorola. No peripheral

devices should be assigned to these numbers.
4.The spurious interrupt vector is taken when there is a bus error indication during interrupt processing.
5.TRAP #n uses vector number 32 + n (decimal).

NOTE:

The MC68VZ328 does not provide autovector interrupts. At system
startup, the user interrupt vector must be programmed, thereby alowing
the processor to handleinterrupts properly.

9.3 Reset

The reset exception corresponds to the highest exception level. A reset exception is processed for system

initialization and to recover from a catastrophic failure. Any processing that isin progress at the time of the
reset is aborted and cannot berecovered. Neither the program counter nor the status register is saved. The
processor isforced into the'supervisor state. The interrupt priority mask isset at level 7. The addressin the
first two words of the reset.exception vector isfetched by the processor asthe initial SSP (supervisor stack

pointer), and the address in-the next two words of the reset exception vector isfetched as the initial
program counter.

At startup or reset, the default chip-select (CSAOQ) is asserted and all other chip-selects are negated. The
CSAO0 signal should be used to decode an EPROM/ROM memory space. In this case, the first two long
words of the EPROM/ROM memory space should be programmed to contain the initial SSP and PC. The
initial SSP should point to a RAM space, and theinitial PC should point to the startup code within the

EPROM/ROM space so that the processor can execute the startup code to bring up the system.

9-4
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NOTE:

The M C68V 2328 supportsthereset instruction. However, it only resetsthe
CPU, and the RESET pin will not go low when this instruction is issued
becauseit is an input-only signal.

The MC68VZ328's RESETignal should be held low for at least 1.2 s aftgp V6 applied. See

Section 4.3.2.1, “PLLCLK Initial Power-up Sequence,” on page 4-5 for detailed information about
selecting the optimum RESHIElay. After reset, all peripheral function signals and parallel /0O signals
appear as inputs with pull-up resistors turned on, unless otherwise specified. The multiplexed, parallel I/O
D[7:0]/PA[7:0] function is controlled by the WDTHS bit in the system control register. If the value of
WDTHS8 is 0, itis D[7:0]. If WIDTHS8 is 1, it is PA[7:0].

9.3.1 Operation Mode Selection During Reset

The MC68VZ328 supports three modes of operation: normal mode, emulation mode, and bootstrap mode.
The selection of the modes is controlled by the EMUIRRIUBRK, and HIZsignals during system reset,

so special attention should be paid when using these signals. Refer to Chapter 2, “Signal Descriptions,” for
more information.

9.3.2 Data Bus Width for Boot Device Operation

The word size of the boot device (ROM/EPROM/FLASH) is determined by the BUSW signal. If it is high
during the rising edge of the RESEifnal, the 16-bit boot device will be configured. Otherwise, it will be
configured as an 8-bit boot device.

9.4 Interrupt Controller Operation

When interrupts are received by the controller, they are prioritized, and the highest enabled, pending
interrupt is posted to the CPU. Before-the CPU responds to this interrupt, the status register is copied
internally, and then the supervisor bit of the CPU status register is set, placing the processor into supervisor
mode. The CPU then responds with an interrupt acknowledge cycle in which the lower 3 bits of the address
bus reflect the priority level of the current interrupt. The interrupt controller generates a vector number
during the interrupt acknowledge cycle, and the CPU uses this vector number to generate a vector address.
Except for the reset exception, the CPU saves the current processor status, including the program counter
value (which points to the next instruction to be executed after the interrupt) and the saved copy of the
interrupt status register. The new program counter is updated to the content of the interrupt vector, which
points to the interrupt service routine. The CPU then resumes instruction execution to execute the interrupt
service routine.

9.4.1 Interrupt-Priority Processing

Interrupt priority is based on the priority level of the interrupt. If the CPU is currently processing an
interrupt service routine and a higher priority interrupt is posted, the process described in Section 9.4,
“Interrupt Controller-Operation,” repeats, and the higher priority interrupt is serviced. If the priority of the
newer interrupt isdlower than or equal to the priority of the current interrupt, execution of the current
interrupt handler continues. The newer interrupt is postponed until its priority becomes the highest.
Interrupts within the same level should be prioritized in software by the interrupt handler. The interrupt
service routine should end with the rte instruction, which restores the processing state prior to the interrupt.
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9.4.2 Interrupt Vectors

The MC68V 2328 provides one interrupt vector for each of the seven user interrupt levels. These interrupt
vectors form the user interrupt vector section of Table 9-1 on page 9-3. The user interrupt vectors can be
located anywhere within the 0x100 to 0x400 address range. The 5 most significant bits of the interrupt
vector number are programmable, but the lower 3 bits reflect the interruptlevel being serviced. All
interrupts are maskable by the interrupt controller. If an interrupt is masked, its status can still be accessed
in the interrupt pending register (IPR).

9.5 Vector Generation

The interrupt controller provides a vector number to the core. You can program the upper 5 bits of the
interrupt vector register (IVR) to alow the interrupt vector number to point to any addressin the exception

vector table. However, many of the vector addresses are assigned to the core’s internal exceptions and
cannot be reused. This leaves only a small range of address space (0x100 to 0x400) to which you can
configure the IVR to locate user interrupt vectors. For‘'example, if you write a value of 0x40 to the IVR, the
interrupt vector base is set to point to 0x100 (0x40<<2), which is the beginning of the user interrupt vectors

shown in Table 9-1 on page 9-3. The coding for the vector numbers is provided in Table 9-2.

Table 9-2. Interrupt Vector Numbers

Interrupt Vector Number
Level 7 XXXXX111
Level 6 Xxxxx110
Level 5 XXXxx101
Level 4 Xxxxx100
Level 3 XXXXX011
Level 2 xxxxx010
Level 1 XXXXx001
Note: xxxxx is replaced by the upper 5 bits of the
interrupt vector register.
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9.6 Programming Model

This section describes registers that you may need to configure so that the interrupt controller can properly
process interrupts, generate vector numbers, and post interrupts to the core.

NOTE:

When programmed as edge-triggered interrupts, all external interrupts
(INT[3:0], IRQ1, IRQ2, IRQ3, and IRQ6) can be cleared by writing a1 to
the corresponding status bit in the interrupt status register (ISR). When
programmed as level-triggered interrupts, these interrupts are cleared at
the requesting sources. All interrupts from internal peripheral devices are
level-triggered interrupts to the interrupt handler, and they are cleared at
the requesting sources.

9.6.1 Interrupt Vector Register

The interrupt vector register (IVR) is used to program the upper 5 bits of the interrupt vector number.

During the interrupt acknowledge cycle, the lower 3 bits; encoded from the interrupt level, are combined

with the upper 5 bits to form an 8-bit vector number. The CPU uses the vector number to generate a vector

address. During system startup, this register should be configured so that the MC68VZ328’s external and
internal interrupts can be handled properly by their-software handlers. If an interrupt occurs before the IVR
has been programmed, the interrupt vector number OxOF is returned to the CPU as an uninitialized
interrupt, which has the interrupt vector 0x3C.

The register bit assignments are shown in the following register display, and their settings are described in
Table 9-3.

IVR Interrupt Vector Register Ox(FF)FFF300
BIT7 6 5 4 3 2 1 BITO
| VECTOR | |
TYPE w rw w w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 9-3. Interrupt Vector Register Description

Name Description Settings
VECTOR Vector Number—This field represents the upper 5 bits of the inter- | See description.
Bits 7-3 rupt vector number.
Reserved Reserved These bits are reserved
Bits 2-0 and should be set to 0.
@ MOTOROLA Interrupt Controller 9-7
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9.6.2 Interrupt Control Register

The interrupt control register (ICR) controls the behavior of the external interrupt inputs. It informs the

interrupt controller whether the interrupt signal is an edge-triggered or alevel-sensitiveinterrupt, aswell as
whether it has positive or negative polarity. The bit assignmentsfor thisregister are shown in the following
register display, and the settings for the bit positions are listed in Table 9-4.

ICR Interrupt Control Register Ox(FF)FFF302
BIT 15 14 13 12 11 10 9 8 7 6 5 3 2 1 BITO
| poL1 | Por2 | PoL3 | POL6 | ET1 | ET2 | ET3 | ET6 |.POLS |
TYPE rw rw w rw w rw w w rw
0 0 0 0 0 0 0 0 0 0 0 0 O 0
RESET
0x0000
Table 9-4. Interrupt Control Register Description
Name Description Setting
POL1 Polarity Control 1—This bit controls interrupt polarity for the IRQ1 signal. In 0 = Negative
Bit 15 level-sensitive mode, negative polarity produces an interrupt when the signal is polarity.
at logic level low. Positive polarity produces an‘interrupt when the signal is at 1 = Positive
logic level high. In edge-triggered mode, negative polarity produces an interrupt polarity.
when the signal goes from logic level high.to'logic level low. Positive polarity
generates an interrupt when the signal goes from logic level low to logic level
high.
POL2 Polarity Control 2—This bit controls‘interrupt polarity for the IRQ2 signal. In 0 = Negative
Bit 14 level-sensitive mode, negative polarity produces an interrupt when the signal is polarity.
at logic level low. Positive polarity produces an interrupt when the signal is at 1 = Positive
logic level high. In edge-triggered:mode, negative polarity produces an interrupt polarity.
when the signal goes from logic:level high to logic level low. Positive polarity
generates an interrupt when the signal goes from logic level low to logic level
high.
POL3 Polarity Control 3—This bit.controls interrupt polarity for the IRQ3 signal. In 0 = Negative
Bit 13 level-sensitive mode, negative polarity produces an interrupt when the signal is polarity.
at logic level low. Positive.polarity produces an interrupt when the signal is at 1 = Positive
logic level high. In edge-triggered mode, negative polarity produces an interrupt polarity.
when the signal goes fromrlogic level high to logic level low. Positive polarity
generates an interrupt when the signal goes from logic level low to logic level
high.
POLG6 Polarity Control/6—This bit controls interrupt polarity for the IRQ6 signal. In 0 = Negative
Bit 12 level-sensitive mode, negative polarity produces an interrupt when the signal is polarity.
at logic level low. Positive polarity produces an interrupt when the signal is at 1 = Positive
logic level high./In edge-triggered mode, negative polarity produces an interrupt polarity.
when the signal goes from logic level high to logic level low. Positive polarity
generates an interrupt when the signal goes from logic level low to logic level
high.
ET1 IRQ1 Edge Trigger Select—When this bit is set, the IRQ1 signal is an 0 = Level-sensitive
Bit 11 edge-triggered interrupt. In edge-triggered mode, a 1 must be written to the interrupt.
IRQ1 bit.in the interrupt status register to clear this interrupt. When this bit is 1 = Edge-sensitive
low, IRQ1 is a level-sensitive interrupt. In this case, the external source of the interrupt.
interrupt must be cleared.
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Table 9-4. Interrupt Control Register Description (Continued)

Name Description Setting
ET2 IRQ2 Edge Trigger Select—When this bit is set, the IRQ2 signal is an 0 = Level-sensitive
Bit 10 edge-triggered interrupt. In edge-triggered mode, a 1 must be written to-the interrupt.
IRQ2 hit in the interrupt status register to clear this interrupt. When this bit is 1 = Edge-sensitive
low, IRQ2 is a level-sensitive interrupt. In this case, the external source of the interrupt.

interrupt must be cleared.

ET3 IRQ3 Edge Trigger Select—When this bit is set, the W signal’is an 0 = Level-sensitive

Bit 9 edge-triggered interrupt. In edge-triggered mode, a 1 must be written to the interrupt.
IRQ3 bit in the interrupt status register to clear this interrupt. When this bit is 1 = Edge-sensitive
low, IRQ3 is a level-sensitive interrupt. In this case, the external source of the interrupt.

interrupt must be cleared.

ET6 IRQ6 Edge Trigger Select—When this bit is set, the W signal is an 0 = Level-sensitive

Bit 8 edge-triggered interrupt. In edge-triggered mode, a 1 must be written to the interrupt.
IRQ6 bit in the interrupt status register to clear this interrupt. When this bit is 1 = Edge-sensitive
low, IRQ6 is a level-sensitive interrupt. In this case, the external source of the interrupt.

interrupt must be cleared.

POLS5 Polarity Control 5—This bit controls interrupt polarity for the W signal. In 0 = Negative

Bit 7 level-sensitive mode, negative polarity produces an interrupt when the signal is polarity.
at logic level low. Positive polarity produces an interrupt when the signal is at 1 = Positive
logic level high. In edge-triggered mode, negative polarity produces an interrupt polarity.

when the signal goes from logic level high to logic level low. Positive polarity
generates an interrupt when the signal goesfrom logic level low to logic level
high.

Reserved | Reserved These bits are
Bits 6-0 reserved and
should remain at
their default value.

Note: Clear interrupts after changing modes. When modes are changed from level to edge interrupts, an edge
can be created, which causes an interrupt to be posted.
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9.6.3 Interrupt Mask Register

The interrupt mask register (IMR) can mask out a particular interrupt if the corresponding bit for the
interrupt is set. Thereisone control bit for each interrupt source. When an interrupt is masked, the interrupt
controller will not generate an interrupt request to the CPU, but its status can'still be observed in the
interrupt pending register. At reset, all the interrupts are masked and all the'bitsin thisregister are set to 1.

Freescale Semiconductor, Inc.

IMR Interrupt Mask Register Ox(FF)FFF304
BIT 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT
31 16
ME MR MS MIR | MIR | MIR | MIR | MIR
MQ | Tl 4 PIL | Q5 | Q6 | Q3 | Q2 | Q1
TYPE rw ' w rw rw w rw w
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
RESET
Ox00FF
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MP MU Mi Mi MI MI MP MT MU MT
wM | AR | NT | NT [ NT | NTewm | M| mr | M3 MW AR | vR | S
2 T2 3 2 1 0 1 2 T1 1
TYPE w rw rw rw rw w rw rw w rw rw w rw w
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RESET
OXFFFF
Table 9-5. Interrupt:Mask Register Description
Name Description Settings
Reserved Reserved These bits are reserved and should
Bits 31-24 be set to 0.
MEMIQ Mask Emulator Interrupt—When set, this bit indicates that 0 = Enable EMUIRQ interrupt
Bit 23 the EMUIRQ pin and in-circuit emulation breakpoint interrupt | 1 = Mask EMUIRQ interrupt
functions are masked. Itiis set to 1 after reset. These inter-
rupts are level 7 interrupts to the CPU.
MRTI Timer for Real-Time Clock—When set, this bit indicates 0 = Enable real-time interrupt timer
Bit 22 that the real-time interrupt timer is masked. It is set to 1 after interrupt.
reset. 1 = Masked real-time interrupt
timer interrupt.
MSPI1 Mask SPI1 Interrupt—When set, this bit indicates that the 0 = Enable SPI 1 interrupt.
Bit 21 SPI 1 interrupt is masked. It is set to 1 after reset. 1 = Mask SPI 1 interrupt.
MIRQ5 Mask IRQ5 Interrupt—When set, this bit indicates that IRQ5 | 0 = Enable IRQ5 interrupt.
Bit 20 is masked. It is set to 1 after reset. 1 = Mask IRQ5 interrupt.
MIRQ6 Mask IRQ6 Interrupt—When set, this bit indicates that IRQ6 | 0 = Enable IRQ6 interrupt.
Bit 19 is masked. It is set to 1 after reset. 1 = Mask IRQ6 interrupt.
MIRQ3 Mask IRQ3 Interrupt—When set, this bit indicates that IRQ3 | 0 = Enable IRQ3 interrupt.
Bit 18 is-masked. It is set to 1 after reset. 1 = Mask IRQ3 interrupt.
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Table 9-5. Interrupt Mask Register Description (Continued)
Name Description Settings
MIRQ2 Mask IRQ2 Interrupt—When set, this bit indicates that IRQ2 | 0 =.Enable IRQ2 interrupt.
Bit 17 is masked. It is set to 1 after reset. 1 =Mask IRQ2 interrupt.
MIRQ1 Mask IRQ1 Interrupt—When set, this bit indicates that IRQ1 |"0 = Enable IRQ1 interrupt.
Bit 16 is masked. It is set to 1 after reset. 1 = Mask IRQ1 interrupt.
Reserved Reserved These bits are reserved and should
Bits 15-14 be set to 0.
MPWM2 Mask PWM 2 Interrupt—When set, this bit indicates that 0 = Enable pulse-width modulator 2
Bit 13 PWM 2 is masked. It is set to 1 after reset. interrupt.
1 = Mask pulse-width modulator 2
interrupt.
MUART2 Mask UART 2 Interrupt—When set, this bit indicates that 0 = Enable UART 2 interrupt.
Bit 12 UART 2 is masked. It is set to 1 after reset. 1 = Mask UART 2 interrupt.
MINT3 Mask External INT3 Interrupt—Setting this bit masks the 0 = Enable INT3 interrupt.
Bit 11 INT3 interrupt. It is set to 1 after reset. 1 = Mask INT3 interrupt.
MINT2 Mask External INT2 Interrupt—Setting this bit masks the 0 = Enable INT2 interrupt.
Bit 10 INT2 interrupt. It is set to 1 after reset. 1 = Mask INT2 interrupt.
MINT1 Mask External INT1 Interrupt—Setting-this bit masks the 0 = Enable INT1 interrupt.
Bit 9 INT1 interrupt. It is set to 1 after reset. 1 = Mask INT1 interrupt.
MINTO Mask External INTO Interrupt—Setting this bit masks the 0 = Enable INTO interrupt.
Bit 8 INTO interrupt. It is set to 1 after reset: 1 = Mask INTO interrupt.
MPWM1 Mask PWM 1 Interrupt—Setting this bit masks the PWM 1 0 = Enable pulse-width modulator 1
Bit 7 interrupt. It is set to 1 after reset. interrupt.
1 = Mask pulse-width modulator 1
interrupt.
MKB Mask Keyboard Interrupt=—=Setting this bit masks the key- 0 = Enable keyboard interrupt.
Bit 6 board interrupt. It is set to/1 after reset. 1 = Mask keyboard interrupt.
MTMR2 Mask Timer 2 Interrupt—Setting this bit masks the timer 0 = Enable timer 2 interrupt.
Bit 5 interrupt. It is set to 1 after reset. 1 = Mask timer 2 interrupt.
MRTC Mask RTC Interrupt—Setting this bit masks the real-time 0 = Enable real-time clock interrupt.
Bit 4 clock (time of day) interrupt. It is set to 1 after reset. 1 = Mask real-time clock interrupt.
MWDT Mask Watchdog Timer Interrupt—Setting this bit masks the | 0 = Enable watchdog timer
Bit 3 watchdog timer interrupt. It is set to 1 after reset. interrupt.
1 = Mask watchdog timer interrupt.
MUART1 Mask UART 1 Interrupt—When set, this bit indicates that 0 = Enable UART 1 interrupt.
Bit 2 UART 1is'masked. It is set to 1 after reset. 1 = Mask UART 1 interrupt.
MTMR1 Mask Timer 1 Interrupt—Setting this bit masks the timer 0 = Enable timer 1 interrupt.
Bit 1 interrupt. It is set to 1 after reset. 1 = Mask timer 1 interrupt.
MSPI2 Mask SPI 2 Interrupt—When set, this bit indicates that the 0 = Enable SPI 2 interrupt.
Bit 0 SPI 2interrupt is masked. It is set to 1 after reset. 1 = Mask SPI 2 interrupt.
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9.6.4 Interrupt Status Register

During the interrupt service, the interrupt handler determines the source of interrupts by examining the
interrupt status register (ISR). When the bitsin this register are set, they indicate that the corresponding
interrupt is posted to the core. If there are multiple interrupt sources at the same level, the software handler
may need to prioritize them, depending on the application.

Each interrupt status bit in this register reflects the interrupt request from its respective interrupt source.
When programmed as edge-triggered interrupts, external interrupts INT[3:0], IRQL, IRQ2, IRQ3, and
TRQ6 can be cleared by writing a 1 to the corresponding status bit in the register. When programmed as
level-triggered interrupts, these interrupts are cleared at the requesting-sources. All interrupts from internal
peripheral devices are level-triggered interrupts to the interrupt handler, and they are cleared at the
reguesting sources.

ISR Interrupt Status Register OxFFFFF30C
Bs'lT 30 29 28 27 26 25 24 230 22 21 20 19 18 17 Bl'GT
EMI | ppy | SPI | IRQ | IR | IRQ [ IRQ | IRQ
Q 1 5 Q6 3 2 1
TYPE w w w w w w w w
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0x00000000
BT 44 13 12 11 10 9 "8 7 6 5 4 3 2 1 BIT
15 0
PW g# INT | INT | INT/ | INT | PW [ o | T | RT | WD g? ™ | sPI
M2 > 3 2 1 0 M1 R2 c T 1 R1 2
TYPE rw rw rw rw. rw w w w w w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x00000000

Table 9-6. ( Interrupt Status Register Description

Name Description Settings
Reserved Reserved These bits are reserved
Bits 31-24 and should be set to 0.
EMIQ Emulator Interrupt Status—When set, this bit indicates that the 0 = No emulator interrupt is
Bit 23 in-circuit emulation module or EMUIRQ pin is requesting an interrupt pending.

on level 7. This'bit can be generated from three interrupt sources: 1 = An emulator interrupt is
two breakpointinterrupts from the in-circuit emulation module and an pending.

external interrupt from EMUIRQ, which is an active low, edge-sensi-
tive interrupt. To clear this interrupt, you must read the ICEMSR reg-
ister to identify the interrupt source and write a 1 to the
corresponding bit of that register. See Section 16.2.4, “In-Circuit
Emulation-Module Status Register,” on page 16-10 for more infor-
mation.
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Table 9-6. Interrupt Status Register Description (Continued)
Name Description Settings
RTI Real-Time Interrupt Status (Real-Time Clock)—When set, this bit. |0 = Real-time timer has not
Bit 22 indicates that the real-time timer has reached its predefined fre- reached predefined
quency count. The frequency can be selected inside the real-time frequency count.
clock module, which can function as an additional timer. 1 = Real-time timer has
reached predefined
frequency count.
SPI1 SPI 1 Interrupt Status—When set, this bit indicates an interrupt 0 = No SPI 1 interrupt is
Bit 21 event from SPI unit 1. pending.
1 = An SPI 1 interrupt is
pending.
IRQ5 Interrupt Request Level 5—This bit, when set, indicates that an 0 = No level 5 interrupt is
Bit 20 external device is requesting an interrupt on level 5. If the IRQ5 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt | 1 = A level 5 interrupt is
must first be cleared. pending.
IRQ6 Interrupt Request Level 6—This bit, when set, indicates that an 0 = No level 6 interrupt is
Bit 19 external device is requesting an interrupt on level 6. If the IRQ6 sig- pending.
nal is set to be a level-sensitive interrupt, the.source of the interrupt | 1 = A level 6 interrupt is
must first be cleared. If IRQ6 is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a'1 to this bit. Writing a 0 to
this bit has no effect.
IRQ3 Interrupt Request Level 3—This bit, when set, indicates that an 0 = No level 3 interrupt is
Bit 18 external device is requesting an interrupt on level 3. If the IRQ3 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt | 1 = A level 3 interrupt is
must first be cleared. If IRQ3 is set to'be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1 to this bit. Writing a 0 to
this bit has no effect.
IRQ2 Interrupt Request Level 2—This bit, when set, indicates that an 0 = No level 2 interrupt is
Bit 17 external device is requesting an interrupt on level 2. If the IRQ2 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt | 1 =A level 2 interrupt is
must first be cleared. If IRQ2is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1 to this bit. Writing a 0 to
this bit has no effect.
IRQ1 Interrupt Request Level 1—This bit, when set, indicates that an 0 = No level 1 interrupt is
Bit 16 external device is requesting an interrupt on level 1. If the IRQL1 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt | 1 = A level 1 interrupt is
must first be cleared. If IRQ1 is set to be an edge-triggered interrupt, pending.
the interrupt must-be cleared by writing a 1 to this bit. Writing a 0 to
this bit has no effect.
Reserved Reserved These bits are reserved
Bits 15-14 and should be set to 0.
PWM2 Pulse-Width Modulator 2 Interrupt—This bit indicates that an 0 =No PWM 2 interrupt is
Bit 13 interrupt event from PWM unit 2 is pending. The interrupt level is pending.
configurable from level 1 to level 6. See Section 9.6.6, “Interrupt 1=APWM 2 interrupt is
Level Register,” for more details. pending.
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Table 9-6. Interrupt Status Register Description (Continued)

Name Description Settings
UART2 UART 2 Interrupt Request—When set, this bit indicates that the 0 = No UART 2 interrupt
Bit 12 UART 2 module needs service. The interrupt level is configurable request is pending.

from level 1 to level 6. See Section 9.6.6, “Interrupt Level Register,” | 1 = UART 2 interrupt
for more details. request is pending.
INT3 External INT3 Interrupt—This bit, when set, indicates that allevel 4 | 0 = No INT3 interrupt is
Bit 11 interrupt has occurred. It is usually for a keyboard interface~When it pending.
is programmed as edge-triggered, it can only be cleared by writinga | 1 = An INT3 interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
INT2 External INT2 Interrupt—This bit, when set, indicates that alevel 4 | 0 = No INT2 interrupt is
Bit 10 interrupt has occurred. It is usually for a keyboard interface. When it pending.
is programmed as edge-triggered, it can only be cleared by writinga | 1 = An INT2 interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
INT1 External INT1 Interrupt—This bit, when set, indicates that alevel 4 | 0 = No INT1 interrupt is
Bit 9 interrupt has occurred. It is usually for a keyboard interface. When it pending.
is programmed as edge-triggered, it can only.be cleared by writinga | 1 = An INT1 interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
INTO External INTO Interrupt—This bit, when'set, indicates that alevel 4 | 0 = No INTO interrupt is
Bit 8 interrupt has occurred. It is usually for a.keyboard interface. When it pending.
is programmed as edge-triggered, it'‘can only be cleared by writinga | 1 = An INTO interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
PWM1 Pulse-Width Modulator (PWM 1) Interrupt—This bit, when set, 0 = No PWM 1 interrupt is
Bit 7 indicates that there is a level 6 interrupt event from PWM unit 1 pending.
pending. 1=APWM 1 interruptis
pending.
KB Keyboard Interrupt Request—This bit, when set, indicates that 0 = No keyboard interrupt is
Bit 6 there is a level 4 interrupt event from a keyboard pending. pending.
1 = A keyboard interrupt is
pending.
TMR2 Timer 2 Interrupt Status—This bit indicates that a timer 2 eventhas | 0 = No timer 2 event
Bit 5 occurred. This is a level 4 interrupt. occurred.
1 = Atimer 2 event has
occurred.
RTC Real-Time Clock Interrupt Request—This bit, when set, indicates 0 = No real-time clock
Bit 4 that there is a‘level 4 interrupt event from the real-time clock that is interrupt is pending.
pending. 1 = A real-time clock
interrupt is pending.
WDT Watchdog Timer Interrupt Request—This bit indicates that a 0 =No watchdog timer
Bit 3 watchdog timer interrupt is pending. This is a level 4 interrupt. interrupt is pending.
1 = A watchdog timer
interrupt is pending.
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Table 9-6. Interrupt Status Register Description (Continued)

Name Description Settings
UART1 UART 1 Interrupt Request—When set, this bit indicates that the 0 = No UARTL1 service
Bit 2 UART 1 module needs service. This is a level 4 interrupt. request is pending.

1 = UART1 service is
needed.
TMR1 Timer 1 Interrupt Status—This bit indicates that a timer 1 eventhas | 0 = No timer 1 event
Bit 1 occurred. This is a level 6 interrupt. occurred.
1 =Atimer 1 event has
occurred.
SPI2 SPI Unit 2 Interrupt Status—When set, this bit indicates an inter- 0 = No SPI 2 interrupt is
Bit 0 rupt event from SPI unit 2. pending.
1 = An SPI 2 interrupt is
pending.
@ MOTOROLA Interrupt Controller 9-15
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9.6.5 Interrupt Pending Register

The read-only interrupt pending register (IPR) indicates which interrupts are pending. If an interrupt

source requests an interrupt, but that interrupt is masked by the interrupt mask-register, then that interrupt
bit will be set in thisregister, but not in the interrupt status register. If the pending interrupt is not masked,
the interrupt bit will be set in both registers.

Freescale Semiconductor, Inc.

IPR Interrupt Pending Register Ox(FF)FFF310
BIT 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BT
31 16
EMI | or | SPI| IRQ | IRQ | IRQ | IRQ | IRQ
Q 1 5 6 3 2 1
TYPE w w w w w w w w
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0x00000000
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PW g¢ INT | INT | INT | INToPW | o | TM | RT | WD :? ™ | SPI
M2 5 3 2 1 0 M1 R2 c T 1 R1 2
TYPE rw rw rw rw rw w w w w w w w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x00000000
Table 9-7. Interrupt Pending Register Description
Name Description Settings
Reserved Reserved These bits are reserved and
Bits 31-24 should be set to 0.
EMIQ Emulator Interrupt Pending—When set, this bit indicates that the 0 = No emulator interrupt is
Bit 23 in-circuit emulation module orEMUIRQ pin is requesting an interrupt pending.
on level 7. This bit can be'generated from three interrupt sources: 1 = An emulator interrupt is
two breakpoint interrupts from the in-circuit emulation module and an pending.
external interrupt fromEMUIRQ, which is an active low, edge-sensi-
tive interrupt. To clear this interrupt, you must read the ICEMSR reg-
ister to identify the interrupt source and write a 1 to the
corresponding bit of that register. See Section 16.2.4, “In-Circuit
Emulation Module Status Register,” on page 16-10 for more informa-
tion.
RTI Real-Time Interrupt Pending (Real-Time Clock)—When set, this 0 = No real-time timer
Bit 22 bit indicates that the real-time timer interrupt is pending. The fre- interrupt is pending.
quency can.beselected inside the real-time clock module, which can | 1= Areal-time timer interrupt
function as-an additional timer. is pending.
SPI1 SPI 1 Interrupt Pending—When set, this bit indicates an interrupt 0 = No SPI 1 interrupt is
Bit 21 event from SPI unit 1. pending.
1 =An SPI 1 interrupt is
pending.
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Table 9-7. Interrupt Pending Register Description (Continued)
Name Description Settings
IRQ5 Interrupt Request Level 5—This bit, when set, indicates that an 0 = No level 5 interrupt is
Bit 20 external device is requesting an interrupt on level 5. If the IRQ5 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt 1 =Alevel 5 interrupt is
must first be cleared. pending.
IRQ6 Interrupt Request Level 6—This bit, when set, indicates that'an 0 = No level 6 interrupt is
Bit 19 external device is requesting an interrupt on level 6. If the IRQ6 Sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt 1 = Alevel 6 interrupt is
must first be cleared. If IRQ6 is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1 to this bit. Writing‘a 0 to
this bit has no effect.
IRQ3 Interrupt Request Level 3—This bit, when set, indicates that an 0 = No level 3 interrupt is
Bit 18 external device is requesting an interrupt on level 3. If the IRQ3 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt 1 = Alevel 3 interrupt is
must first be cleared. If IRQ3 is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1 to this.bit. Writing a 0 to
this bit has no effect.
IRQ2 Interrupt Request Level 2—This bit, when set, indicates that an 0 = No level 2 interrupt is
Bit 17 external device is requesting an interrupt on level 2. If the IRQ2 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt 1 = Alevel 2 interrupt is
must first be cleared. If IRQ2 is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1to this bit. Writing a 0 to
this bit has no effect.
IRQ1 Interrupt Request Level 1—This bit, when set, indicates that an 0 = No level 1 interrupt is
Bit 16 external device is requesting an interrupt on level 1. If the IRQ1 sig- pending.
nal is set to be a level-sensitive interrupt, the source of the interrupt 1 =Alevel 1 interruptis
must first be cleared. If IRQ1 is set to be an edge-triggered interrupt, pending.
the interrupt must be cleared by writing a 1 to this bit. Writing a 0 to
this bit has no effect.
Reserved Reserved These bits are reserved and
Bits 15-14 should be set to 0.
PWM2 Pulse-Width Modulator 2 Interrupt—This bit indicates an interrupt | 0 = No PWM 2 interrupt.
Bit 13 event from PWM unit 2.is pending. The interrupt level is configurable | 1 =A PWM 2 interrupt is
from level 1 to level 6. See Section 9.6.6, “Interrupt Level Register,” pending.
for more details.
UART2 UART 2 Interrupt.Request—When this bit is set, it indicates thatthe | 0 = No UART 2 interrupt
Bit 12 UART 2 module needs service. The interrupt level is configurable request is pending.
from level 1 to level 6. See Section 9.6.6, “Interrupt Level Register,” 1 = UART 2 interrupt request
for more details: is pending.
INT3 External INT3 Interrupt—This bit, when set, indicates that alevel 4 | 0 =No INT3 interrupt is
Bit 11 interrupt has occurred. It is usually for a keyboard interface. When it pending.
is programmed as edge-triggered, it can only be cleared by writinga | 1 = An INT3 interrupt is
1 to the port'D register. See Section 10.4.5, “Port D Registers,” on pending.

page 10-16 for details.
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Table 9-7. Interrupt Pending Register Description (Continued)
Name Description Settings
INT2 External INT2 Interrupt—This bit, when set, indicates that a level 4..| 0 = No INT2 interrupt is
Bit 10 interrupt has occurred. It is usually for a keyboard interface. When it pending.
is programmed as edge-triggered, it can only be cleared by writing a-.| 1 = An INT2 interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
INT1 External INT1 Interrupt—This bit, when set, indicates that aslevel 4 | 0 = No INT1 interrupt is
Bit 9 interrupt has occurred. It is usually for a keyboard interface.'When it pending.
is programmed as edge-triggered, it can only be cleared by writinga | 1 = An INT1 interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers;” on pending.
page 10-16 for details.
INTO External INTO Interrupt—This bit, when set, indicates that a level 4 | 0 = No INTO interrupt is
Bit 8 interrupt has occurred. It is usually for a keyboard interface. When it pending.
is programmed as edge-triggered, it can only be cleared by writinga | 1 = An INTO interrupt is
1 to the port D register. See Section 10.4.5, “Port D Registers,” on pending.
page 10-16 for details.
PWM1 Pulse-Width Modulator (PWM 1) Interrupt—This bit, when set, 0 = No PWM Llinterrupt.
Bit 7 indicates that there is a level 6 interrupt event.from PWM unit 1 1=APWM linterruptis
pending. pending.
KB Keyboard Interrupt Request—This bit, when set, indicates that 0 = No keyboard interrupt is
Bit 6 there is a level 4 interrupt event from a keyboard pending. pending.
1 = A keyboard interrupt is
pending.
TMR2 Timer 2 Interrupt Pending—This bit indicates that a timer 2 event 0 = No timer 2 event
Bit 5 has occurred. This is a level 4 interrupt. occurred.
1 = Atimer 2 event has
occurred.
RTC Real-Time Clock Interrupt Request—This bit, when set, indicates 0 = No real-time clock
Bit 4 that there is a level 4 interrupt event from the real-time clock that is interrupt is pending.
pending. 1 = Areal-time clock interrupt
is pending.
WDT Watchdog Timer Interrupt Request—This bit indicates that a 0 =No watchdog timer
Bit 3 watchdog timer interrupt is pending. This is a level 4 interrupt. interrupt is pending.
1 = A watchdog timer
interrupt is pending.
UART1 UART 1 Interrupt.Request—When this bit is set, it indicates that the | 0 = No UART 1 service
Bit 2 UART 1 module needs service. This is a level 4 interrupt. request is pending.
1 =UART 1 service is
needed.
TMR1 Timer 1 Interrupt Pending—This bit indicates that a timer 1 event 0 = No timer 1 event
Bit 1 has occurred. This is a level 6 interrupt. occurred.
1= Atimer 1 event has
occurred.
SPI2 SPI Unit 2 Interrupt Pending—When set, this bit indicates an inter- | 0 = No SPI 2 interrupt is
Bit 0 rupt event from SPI unit 2. pending.
1 = An SPI 2 interrupt is
pending.
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9.6.6 Interrupt Level Register

TIMER 2, UART 2, PWM 2, and SPI 1 are new modules to the MC68VZ328 compared to the previous
version, MC68EZ328. Interrupts generated from these modules are level configurable. Theinterrupt level
control register (ILCR) controls the interrupt level for these interrupts.

ILCR Interrupt Level Register Ox(FF)FFF314
BIT BIT
5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 5
‘ | sPiLLEVEL | | UART2_LEVEL | | PWM2_LEVEL | | TMR2_LEVEL |
TYPE rw rw rw rw rw rw w w w w w w
1 1 0 0 1 0 1 0 0 1 1 0 0 1 1
RESET
0x6533

Programming register bits 14-12, 10-8, 6—4, and 2—0 with the values shown in Table 9-8 causes the
corresponding interrupt source to generate different interrupt levels.

Table 9-8. Interrupt Level Register Field Values

Interrupt Level Value in Register Bits
14-12, 10-8, 6-4, and 2-0
Undefined level 111
Level 6 110
Level 5 101
Level 4 100
Level 3 011
Level 2 010
Levell 001
Undefined-level 000
Note: Values 000 and 111 are not allowed to be programmed into
these register bits.

After reset, each of these four.interrupts is set to the default level indicated:
« TIMERZIRQ (level 3)
« UARTZIRQ (level 5)
+  PWM2IRQ (level 3)
+  SPI2IRQ(level-6)

(M) moTroroLa Interrupt Controller 9-19
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9.7 Keyboard Interrupts

Keyboard interrupt features provide a smart power-management capability. The CPU core can be put to
sleep when no key is being pressed. Once akey is pressed, however, the core wakes up to service the
request. This event-driven approach significantly reduces power consumption; KBO to KB7 (multiplexed
withINT[3:0], IRQ1, IRQ2, IRQ3, and IRQ6) are input pins for the keyboard interface. They are internally
ORed together and generate an interrupt that indicates to the core that a key has been pressed.

9.8 Pen Interrupts

The MC68VZ328 is designed to support pen and touch panel inputs. In most of these systems, the setup
involves atouch panel connected to an analog-to-digital (A/D) converter and the microprocessor. To
achieve low power consumption and system performance, the A/D is usually connected to an interrupt of
the microprocessor. When the touch pandl is touched, the CPU is activated through the interrupt and the
A/D starts collecting data. On the MC68VZ328, IRQ5is alevel 5 interrupt with pull-up propertiesthat is
normally used as a pen interrupt. Connecting the IRQ5 to atransistor network with the A/D, a pen-down
interrupt can be implemented with the MC68V 2328 system. With the special design circuitry inside, this
pen interrupt supports both pen-down and pen-up interrupts. The polarity of the pen interrupt can be set by
programming the POL5 bit of the interrupt control register.
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Chapter 10
/0O Ports

This chapter describes the 10 multipurpose ports of the M C68V 2328 It also describes how to use the ports

for external 1/0 control and to determine the status of the external signals. All 10 ports (A-G, J, K, and M)

are programmable 1/O ports with pull-up and pull-down capability. Each port can be used as a
general-purpose I/O (GPIO) port, or it can be connected to its dedicated I/O function. Every signal line
connects to an external pin. Although each port consists-of a group of five to eight signal lines, all
commands and actions occur at the pin level because.each pin of a port is individually configured. The pin
name reflects the functions assigned to the pin. For example, the name PED®/EIlndicates that the

pin is used for any of three separate signals: Port B'data, Chip-Select B 1, and SDRAM Write-Enable. This
chapter describes pin assignments either programmed as GPIO or programmed to dedicated I/O functions.

When pins are programmed as GPIO, the direction of individual pins (input or output) can be configured,
and pull-up resistors (or pull-down resistors in some ports) can be enabled or disabled. When pins are
programmed as dedicated 1/O, a pin’s direction.cannot be contralfed.exceptions to thisrule are

noted in the programming information about the specific ports.

10.1 Port Configuration

With the exception of Port A, every portiis multiplexed with at least one other dedicated 1/O function.
Several ports have pins that can be configured for one of several dedicated I/O functions. Table 10-1 on
page 10-2 shows the I/O functions available for each port.

Ports are programmed by four dedicated 8-bit registers: direction, data, pull-up enable, and select. The
exceptions are Port A and Port D: Port A does not have a select register since it can only be used as a
GPIO. The remaining registers have select registers controlling whether the pin is assigned as a GPIO or a
dedicated /O function. Some/pins have multiple dedicated functions assigned to them. Selection of these
functions is controlled by other registers in the MC68VZ328. Port D is unigue in that it is used for handling
external interrupts. It has four-dedicated interrupt control registers in addition to the previously referenced
four registers.

The 1/O drive control register (IOCR) in system control controls the drive strength (in mA) of all I/O
signals, including all of the ports. By default, all I/O pins on the MC68VZ328 default to a 4 mA driving
current. After reset, it is recommended the user select 2 mA drive strength for those signals not requiring
high current to ensure-maximum power savings.
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Table 10-1. Dedicated I/O Functions of Ports

Port | Dedicated I/O Module Dedicated 1/0 Module Dedicated 1/0 Module Dedicated 1/0 Module
A Lower byte of data bus
B Chip-select DRAM controller GP timers PWM output
C LCD controller
D Interrupt controller
E SPI DRAM controller UART Bus control
F DRAM controller CGM Address bits 23-20 Interrupt request 5
LCD contrast Chip-select
G Bus control In-circuit emulation Address bit 0
J UART SPI
K Bus control LCD controller SPI
M DRAM controller

10.2 Status of I/O Ports/During Reset

Two types of resets affect the states of the MC68VZ328’s I/O ports: warm reset and power-up reset. A
warm reset refers to any reset initiated while power to the processor remains uninterrupted. A power-up
reset occurs the first time power is supplied to the MC68VZ328. Power-up resets are also called cold start
resets.

10.2.1 Warm Reset

Figure 10-1 on page 10-3 details timing during a warm reset. All I/O ports, except Ports B and M, reset to
their default states on assertion of.the reset signal and remain at their default states during the time period
labeled Reset Assertion Time/Length. The port default state is determined by the register reset values of
the 1/O port registers. Register reset values are found in Table 3-1 on page 3-2 and Table 3-2 on page 3-8.
Ports B and M maintain their previous programmed states on reset assertion and retain their states during
the Reset Assertion Time Length. The previous states of Ports B and M before reset assertion are, for the
purposes of the figure, assumed.
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Figure 10-1. 1/O Port Warm Reset Timing

As shown in Figure 10-1, resets for Ports A, C—G; J; and K are triggered by the assertion of the internal
reset signal. The internal reset signal is synchronized with the first falling edge of the 32 kHz clock after

the external reset has been asserted. The resets-for Ports B and M are triggered by the negation of the
internal reset pulse signal. The sequence of events (as shown in Figure 10-1) leading to the assertion of the
internal reset pulse signal are as follows:

1. The external reset signal is negated.
2. The first falling edge of 32 kHz occurs.

3. After 16 cycles of SYSCLK, the internal reset pulse, whose width is 1 SYSCLK cycle, is
generated.

Port B and Port M are designed to maintain or hold their previous states during the Reset Assertion Time
Length to support the “data retention. during reset” feature of the DRAM controller. Holding the previous
states of Port B and Port M allows multiplexed DRAM control signals to remain active during the system
Reset Assertion Time Length. This feature allows the DRAM controller to maintain the refresh cycles for
DRAM during unpredictable resettime lengths, thereby preserving DRAM data after reset negation. More
details appear in Chapter 7, “DRAM Controller.”

10.2.2 Power-up Reset

The power-up reset sequence of events is the same as for a warm reset, except that the I/O states of Port B
and Port M are unknown.during the Reset Assertion Time Length. Because Port B and Port M do not reset
until the negation of the internal reset pulse signal, they do not have a previous state on a power-up reset.

While preliminary testing indicates that, on power-up reset, Ports B and M are configured as inputs with
internal resistors enabled, this cannot be guaranteed. For any external device that may be sensitive to the
brief unknown states of Port B or Port M on power-up resets, it is recommended that the device be
connected to other.available ports whose state can be ascertained.
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10.2.3 Summary of Port Behavior During Reset

Table 10-2 summarizes the behavior of all MC68VZ328 |/0O ports during the Reset Assertion Time Length
(see Figure 10-1 on page 10-3) for power-up resets and warm resets.

Table 10-2. MC68VZ328 I/O Port Status During the Reset Assertion Time Length

I/O Ports Warm Reset Power-up Reset
A Resets to default state Resets to default state
B Maintains previous state Unknown state
c Resets to default state Resets to default state
D Resets to default state Resets to default state
E Resets to default state Resets to default state
F Resets to default state Resets to default state
G Resets to default state Resets to default state
J Resets to default state Resets to default state
K Resets to default state Resets to default state
M Maintains previous state Unknown state
Note: The default state is defined by the reset values of the corresponding I/O port’s registers. Please refer to
Table 3-1 on page 3-2 and Table 3-2 on page 3-8 for details.

10.3 1/O Port Operation

The following subsections describe details of the I/O ports’ operation.

10.3.1 Data Flow from'the I/O Module

The operation of a port connected to another module in the MC68VZ328 is illustrated in Figure 10-2 on
page 10-5.
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Figure 10-2. 1/O Port Operation

For example, if Figure 10-2 represents the DO bit of-Port E, when the SELO in the select register is cleared,

the “data from module” line is connected to the serial peripheral interface module’s TXD signal

(SPITXD). Because SPITXD is output-only, thesMC68VZ328 asserts the “output enable from module”
line, thus enabling the output and disabling the “data to module” line. As long as the SELX bit of the port’'s
select register is clear (the default is set at reset), the SPI module pin function is enabled. Bit DO of Port E
is the master SPMTXD signal. The SPI module controls the direction of data flow for the pin, which is
always output. When the dedicated module controls the port, the direction register is ignored. There are a
few exceptions that are described in the individual port programming sections that follow.

10.3.2 Data Flow to the1/O Module

An example of data flow to the I1/O.module is the D1 bit of Port E. This signal’s function is the SPI's RXD
(SPIRXD) signal. In this case, SPIRXD is input-only; thus, the chip negates the “output enable from
module” line, and the “data from module” line is not disabled (see Figure 10-2). The “data to module”
signal is connected to the SPIRXD input of the SPI.

10.3.3 Operatinga Port as GPIO

While the SELXx bit is set (if the DIRx bit of the PxDIR is 1), data written to the port's data regjister
presented to the pin. If the DIRX bit in the direction register is O (input), data present on the pin is sampled
and presented to the.CPU when a read cycle is executed. While the DIRx bit is O (output), the actual pin
level is presented during write accesses. This may not be the same as the data that was written if the pin is
overdriven. To prevent data loss when changing from one mode to another, the intended data should be
written to the PXDATA register before entering the selected mode.
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10.3.4 Port Pull-up and Pull-down Resistors

The pull-up and pull-down resistors are enabled by setting the pull-up or pull-down enable register’s bits to
1. Pull-up and pull-down resistors can be selected individually regardless of whether the I/O port is
selected or not. After reset, Ports A—F, J, K, and M default to the I/Ofunction with internal pull-up or
pull-down enabled. Resistor assignments for individual ports is shown.in Table 10-3. Meanwhile, Port G
defaults to the dedicated function, except for the/PI/PG3 pin, which defaults to the PG3 function.

Table 10-3. Pull-up and Pull-down Resistors by Port

Port Pull-up Rull-down
A B,D,E G,andJ All bits None
C None All bits
F Bits 7, 2<0 Bits 6-3
K Bits 3-0 Bits 7-4
M Bit 5 Bits 4-0

10.4 Programming Model

The chapter’s remaining sections provide programming information about individual ports.

10.4.1 Port A Registers

The Port A registers are general-purpose.8-bit I/O registers. They consist of the following:
* Port A direction register (PADIR)
* Port A data register (PADATA)
e Port A pull-up enable register.(PAPUEN)

Port A functions either as a GPIO (PA[7:0]) or the lower data byte of the data bus (D[7:0]). Port A can be
used as PA[7:0] only when the/MC68VZ328 is operating as an 8-bit system by setting the WDTHS8 bit in
the system control register (OXFFFFF000). If the MC68VZ328 is operating in either 16-bit or mixed 8- and
16-bit systems, the pins only function as D[7:0].

At reset the WDTHS bit of the SCR is cleared, resulting in Port A becoming the lower data byte of the data
bus (D[7:0]) with internal pull-up resistors enabled.

In sleep mode, all of the'data bus pins (D[15:0]) are individually pulled up with felistors.
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10.4.1.1 Port A Direction Register

The Port A direction register controls the direction (input or output) of the line associated with the
PADATA bit position. The settings for the bit positions are shown in Table 10-4.

PADIR Port A Direction Register Ox(FF)FFF400
BIT7 6 5 4 3 2 1 BITO
| or7 | DRe | DRs | DIR4 | DIR3 | DIR2 | DIR1 | DIRO |
TYPE rw rw rw rw rw rw rw w
0 0 0 0 0 0 0 0
RESET
0x00
Table 10-4. Port A Direction Register Description
Name Description Setting
DIRXx Direction—These bits control the direction of the pins in an 8-bit 0 = Input
Bits 7-0 system. 1 = Output

10.4.1.2 Port A Data Register

The eight PADATA bits control or report the data.on the pins while the associated SELx bits are high.
While the DIRx bits are high (output), the Dx bitsicontrol the pins. While the DIRx bhitsare low (input), the
Dx bits report the signal driving the pins. The Dx bits can be written at any time. Bitsthat are configured as
inputs will accept the data, but the data written'to each cannot be accessed until the respective pin is
configured as an output. The actual value on the pin is reported when these bits are read, regardless of
whether they are configured asinput or output. The settings for the bit positions are shown in Table 10-5.

PADATA Port A Data Register Ox(FF)FFF401
BIT7 6 5 4 3 2 1 BIT O
| o7 | be ] bs | b4 | b3 p2 | bt | po |
TYPE rw rw rw rw rw rw rw rw
1 1 1 1 1 1 1 1
RESET OXEE*
*Actual bit value depends on external circuits connected to pin.
Table 10-5. Port A Data Register Description
Name Description Setting
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRX is set to 1 or the
Bits 7-0 status of the I/O signal in an external signal is low when DIRXx is set to O
8-bit system. 1 = Drives the output signal high when DIRx is set to 1 or the
external signal is high when DIRx is setto O
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10.4.1.3 Port A Pull-up Enable Register

The Port A pull-up enable register (PAPUEN) controls the pull-up resistors for each linein Port A. The
settings for the bit positions are shown in Table 10-6.

PAPUEN Port A Pull-up Enable Register Ox(FF)FFF402
BIT 7 6 5 4 3 2 1 BITO
‘ PU7 ‘ PUG ‘ PUS ‘ PU4 ‘ PU3 ‘ PU2 ‘ PUL ‘ PUO ‘
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OXFF

Table 10-6. Port A Pull-up Enable Register Description

Name Description Setting
PUx Pull-up—These bits enable the pull-up resistors on | 0 = Pull-up resistors are disabled
Bits 7-0 the port. 1 = Pull-up resistors are enabled

10.4.2 Port B Registers

Port B is made up of the following 8-bit general-purpose 1/0 registers:
e Port B direction register (PBDIR)
« Port B data register (PBDATA)
e Port B pull-up enable register (PBRUEN)
» Port B select register (PBSEL)
Each signal line connects to an external pin. Each bit on Port B is individually configured.

10.4.2.1 Port B Direction Register

The Port B direction register controls the direction (input or output) of the line associated with the
PBDATA bit position. When the data bit is assigned to a dedicated I/O function, the direction bits are
ignored. The settings for the bit positions are shown in Table 10-7 on page 10-9.
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PBDIR Port B Direction Register Ox(FF)FFF408
BIT 7 6 5 4 3 2 1 BIT O
pR7 | pre | DRs | DR4e | DR3 | PR2 | DR1 | DRO |

TYPE rw w rw rw w w w w
0 0 0 0 0 0 0 0
RESET
0x00
Table 10-7. Port B Direction Register Description
Name Description Setting
DIRX Direction—These bits control the direction of the pins. They reset | 0 = Inputs
Bits 7-0 to 0. With the exception of bit 6, if a bit is selected/as a dedicated | 1 = Output
1/0 in PBSEL, the DIR bit is ignored.

10.4.2.2 Port B Data Register
The settings for the PBDATA bit positions are shown in.Table 10-8.

PBDATA Port B Data Register Ox(FF)FFF409
BIT 7 6 5 4 3 2 1 BITO
p7 | oe | bs | b4 | D3 p2 | b1 | Do
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET OXEE*
*Actual bit'value depends on external circuits connected to pin.
Table 10-8. "Port B Data Register Description
Name Description Setting
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRX is set to 1 or the
Bits 7-0 status of the 1/O signal in an external signal is low when DIRX is set to 0
8-bit system. 1 = Drives the output signal high when DIRx is set to 1 or the
external signal is high when DIRx is set to O

Port B is multiplexed with chip-select, DRAM control, TIN/TOUT, and PWM dedicated I/O signals.
These pins can be programmed-as GPIO when these other assignments are not used.

These bits control or report the data on the pins while the associated SEL x bits are high. While the DIRx
bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits report
the signal driving the pins: The Dx bits can be written at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannot be accessed until the corresponding pinis configured as
an output. The actua value on the pin is reported when these bits are read, regardless of whether they are

configured as input or-output.
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10.4.2.3 Port B Dedicated I/O Functions

The eight PBDATA lines are multiplexed with the chip-select, DRAM control, TIN/TOUT, and PWM
dedicated 1/0 signals whose assignments are shown in Table 10-9.

Table 10-9. Port B Dedicated Function Assignments

Bit GPIO Function Dedicated I/O Functions
0 Data bit 0 CSBO

1 Data bit 1 CSB1/SDWE

2 Data bit 2 CSCO/RASO

3 Data bit 3 CSC1/RAS1

4 Data bit 4 CSDO/CASO

5 Data bit 5 CSD1/CAS1

6 Data bit 6 TIN/TOUT

7 Data bit 7 PWMO1

Bits 1-5 operate as chip-select signals or DRAM signals. Signal selection is controlled by bit 9 (DRAM) in
the chip-select D (CSD) register, which is described in Section 6.3.3, “Chip-Select Registers,” on page 6-8.
Bit 0 is used only as DO or CSBRo additionalprogramming is required.

The TIN/TOUT line can be specified as either.timer-input or timer-output by programming bit 6 in the
PBDIR register. Clearing the bit makes the line TIN. Setting the bit to 1 makes it TOUT. Unlike other port
register pins, the TOUT/TIN/PB6 pin direction is still controlled by the DIR6 bit in the Port B register even
though the pin is assigned to the GP timers. Refer to Section 12.1.4, “TOUT/TIN/PB6 Pin,” on page 12-3
for details about the operation and programming of the pin.

The PWMOL signal is an output signal resulting from the logical operation (AND or OR) of both the
PWM 1 and PWM 2 modules. Bits 3—2/(P[1:0]) of the peripheral control register (PCR) select the logic
used for combining the modules. The PB7/PWMOL1 pin defaults to a GPIO input pulled high. Refer to
Chapter 15, “Pulse-Width Modulator /1 and 2,” for additional information.

10.4.2.4 Port B Pull-up'Enable Register

The Port B pull-up enable register (PBPUEN) controls the pull-up resistors for each line in Port B. The
settings for the bit positions are shown in Table 10-10 on page 10-11.
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PBPUEN Port B Pull-up Enable Register Ox(FF)FFF40A
BIT 7 6 5 4 3 2 1 BITO
‘ PU7 ‘ PUG ‘ PU5 ‘ PU4 ‘ PU3 ‘ PU2 ‘ PUL ‘ PUO ‘
TYPE w w w rw rw w w w
1 1 1 1 1 1 1 1
RESET
OXFF

Table 10-10. Port B Pull-up Enable Register-Description

Name Description Setting
PUx Pull-up—These bits enable the pull-up resis- | 0 =PRull-up resistors are disabled
Bits 7-0 tors on the port. 1= Pull-up resistors are enabled

10.4.2.5 Port B Select Register

The Port B select register (PBSEL) determinesif a bit position in the dataregister (PBDATA) is assigned
asageneral purpose I/O or to adedicated I/O function. The'settings for the bit positions are shown in

Table 10-11.

PBSEL Port B Select Register Ox(FF)FFF40B
BIT 7 6 5 4 3 2 1 BIT O
SEL7 \ SEL6 \ SEL5 y SEL4 \ SEL3 SEL2 \ SEL1 \ SELO \
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OxFF

Table 10-11. Port B Select Register Description

Name Description Setting
SELX Select —These bits select whether the internal chip | 0 = The dedicated function pins are connected.
Bits 7-0 function or I/O port signals.are connected to the 1 = The I/O port function pins are connected.
pins.

10.4.3 Port C Registers

Port C is composed of the following 8-hit general-purpose I/O registers:
« Port C direction'register (PCDIR)
* Port C data register (PCDATA)
e Port C pull-down enable register (PCPDEN)
* Port C select.register (PCSEL)

Each signal in the PCDATA register connects to an external pin. As with the other ports, each bit on Port C
is individually configured.
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10.4.3.1 Port C Direction Register

The Port C direction register controls the direction (input or output) of the line associated with the
PCDATA bit position. When the data bit is assigned to a dedicated |/O function.by the PCSEL register, the
DIR bits are ignored. The settings for the bit positions are shown in Table 10-12.

PCDIR Port C Direction Register Ox(FF)FFF410
BIT 7 6 5 4 3 2 1 BITO
‘ DIR7 ‘ DIR6 ‘ DIR5 ‘ DIR4 ‘ DIR3 ] DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw w rw w A" w w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-12. Port C Direction Register Description

Name Description Setting
DIRX Direction—These bits control the direction ofthe pins in an 8-bit sys- 0 = Input
Bits 7-0 tem. They reset to 0. 1 = Output

10.4.3.2 Port C Data Register
The settings for the PCDATA hit positions are shown in Table 10-13.

PCDATA Port C.Data Register Ox(FF)FFF411
BIT7 6 5 4 3 2 1 BITO
| o7 | o |. b5 | b4 | D3 p2 | b1 [ po |
TYPE w w w rw rw rw w w
0 0 0 0 0 0 0 0
RESET 0X00*

*Actual bit value depends on external circuits connected to pin.

Table 10-13. Port C Data Register Description

Name Description Setting
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRXx is set to 1 or the
Bits 7-0 status of the 1/O signal. external signal is low when DIRx is set to O

1 = Drives the output signal high when DIRx is set to 1 or the
external signal is high when DIRx is setto 0

Port C is primarily multiplexed with the LCD controller’s signals. These pins can be programmed as GPIO
when the LCD controller is not used. See Section 8.2.1, “Connecting the LCD Controller to an LCD
Panel,” on page 8-3.for more detailed information.

These bits control or report the data on the pins while the associated SEdre thiigh. While the DIRX
bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits report
the signal driving:the pins. The Dx bits can be written at any time. Bits that are configured as inputs will
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accept the data, but the data written to each cannot be accessed until the corresponding pinis configured as
an output. The actua value on the pin is reported when these bits are read, regardless of whether they are
configured as input or output.

10.4.3.3 Port C Dedicated I/0O Functions

The eight PCDATA lines are multiplexed with the LCD controller dedicated 1/0 signals whose
assignments are shown in Table 10-14.

Table 10-14. Port C Dedicated Function Assignments

Bit GPIO Function Dedicated I/O Function
0 Data bit 0 LDO

1 Data bit 1 LD1

2 Data bit 2 LD2

3 Data bit 3 LD3

4 Data bit-4 LFLM

5 Data bit 5 LLP

6 Data bit 6 LCLK

7 Data bit 7 LACD

10.4.3.4 Port C Pull-down Enable Register

The Port C pull-down enable register (PCPDEN) controls the pull-down resistors for each linein Port C.
The settings for the bit positions are shownin Table 10-15.

PCPDEN Port C Pull-down Enable Register Ox(FF)FFF412
BIT 7 6 5 4 3 2 1 BITO
‘ PD7 ‘ PD6 ‘ PD5 ‘ PD4 ‘ PD3 ‘ PD2 ‘ PD1 ‘ PDO ‘
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OXFF

Table 10-15. Port C Pull-down Enable Register Description

Name Description Setting
PDx Pull-down—These bits enable the pull-down resistors on the | 0 = Pull-down resistors are disabled
Bits 7-0 port. 1 = Pull-down resistors are enabled
(M) mororoLa /O Ports 10-13
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10.4.3.5

Port C Select Register

The Port C select register (PCSEL) determinesif a bit position in the Port C dataregister (PCDATA) is

assigned as a GPIO or to adedicated 1/O function. The settings for the bit positions are shown in
Table 10-16.
PCSEL Port C Select Register Ox(FF)FFF413
BIT7 6 5 4 3 2 1 BITO
SEL7 | SEL6 | SELs | sSEL4 | sEL3 SEL2 | sEll | sELo |
TYPE w w w rw w rw w w
1 1 1 1 1 1 1 1
RESET
OxFF
Table 10-16. Port C Select Register Description
Name Description Setting
SELX Select—These bits select whether the internal chip 0 = The dedicated function pins are
Bits 7-0 function or 1/O port signals are connected to the connected.
pins. 1 = The I/O port function pins are connected.
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T T T
Pull-up Enable Register
1 1 1 1

10.4.4 Port D Operation

Port D has the same functionality as other GPIO ports, except that it also has interrupt capabilities. It
should be used as either a general-purpose, interrupt-generating port or as a keyboard input port.
Figure 10-3 illustrates how thistype of port operates.

Programming Model
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Figure 10-3.
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Port D generates nineinterrupt signals. Eight of these interrupts are generated by the bits of each port. One
bit isthelogical OR result of al eight bits, which is applied to the MC68VZ328 interrupt controller as a
level 4 keyboard interrupt (KB) in the interrupt status register. See Section 9.6.4, “Interrupt Status
Register,” on page 9-12 for more details.
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10.4.5 Port D Registers
Unlike the other ports, Port D isuniquein that it is comprised of eight 8-bit I/O registers. They consist of
the following:
e Port D direction register (PDDIR)
e Port D data register (PDDATA)
e Port D pull-up enable register (PDPUEN)
e Port D select register (PDSEL)
e Port D polarity register (PDPOL)
e Port D interrupt request enable register (PDIRQEN)
e Port D keyboard enable register (PDKBEN)
* Port D interrupt request edge register (PDIRQEG)

10.4.5.1 Port D Direction Register

The Port D direction register controls the direction (input or output) of the line associated with the
PDDATA bit position. When the data bit is assigned to'a dedicated I/O function by the PDSEL register, the
DIR bits are ignored. The settings for the PDDIR bit positions are shown in Table 10-17.

PDDIR Port D Direction Register Ox(FF)FFF418
BIT 7 6 5 4 3 2 1 BITO
‘ DIR7 ‘ DIR6 ‘ DIR5 ] DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw w rw rw w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-17. (Port D Direction Register Description

Name Description Setting
DIRX Direction—These bits control the direction of the pins in an 8-bit sys- 0 = Input
Bits 7-0 tem. They reset to 0. 1 = Output
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10.4.5.2 Port D Data Register
The settings for the PDDATA bit positions are shown in Table 10-18.

Programming Model

PDDATA Port D Data Register Ox(FF)FFF419
BIT7 6 5 4 3 2 1 BITO
| o7z | pe | bps | pa | D3 p2 | b1 DO
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET OXEE*

*Actual bit value depends on external ci

rcuits connected to pin.

Table 10-18. Port D Data Register Description
Name Description Setting
Dx Data—These bits reflect the 0 = Drives the‘output signal low when DIRXx is set to 1 or the
Bits 7-0 status of the 1/O signal. external signal is low when DIRx is set to O

1 = Drives the output signal high when DIRXx is set to 1 or the
external signal is high when DIRx is setto 0

The eight PDDATA lines are multiplexed with the INT and IRQ dedicated 1/0 signals whose assignments
are shown in Table 10-19. Port D signals can be programmed as GPIO when not used for handling external

interrupts.

These bits control or report the data on the pins while the associated SELx bits are high. While the DIRx
bits are high (output), the Dx bits control the pins. While the DIRx bits are low (input), the Dx bits report
the signal driving the pins. The Dx bits can be written at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannot be accessed until the corresponding pin is configured as
an output. The actual value on the pin is reported when these bits are read, regardless of whether they are

configured as input or output.

Table 10-19. Port D Dedicated Function Assignments

Bit GPIO Function Dedicated I/O Function
0 INTO
1 INT1
2 INT2
3 INT3
4 Data bit 4 IRQ1
5 Data bit 5 IRQ2
6 Data bit 6 IRQ3
7 Data bit 7 IRQ6
@ MOTOROLA I/O Ports
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10.4.5.3 Port D Interrupt Options

Interrupt bits 3-0 (INT[3:0]), interrupt request bits 3—1 (IR&1]), interrupt request bit 6RIQ6), or Port
D bits 7-0 can be configured as edge- or level-triggered interrupt signals.

NOTE:

When external interruptsNIT[3:0], IRQ1, IRQ2 IRQ3 and IRQ6are
programmed as edge-triggered interrupts, they can be cleared by writing a
1 to the corresponding status bit in the interrupt . status register in the
interrupt controller. When programmed as level-triggered interrupts, these
interrupts are cleared at the requesting sources.

To support keyboard applications, the 1/O function can be used with interrupt capabilities, which are
described in Chapter 9, “Interrupt Controller.”

The individual interrupt bits can be masked on a bit-by-bit basis. The KB is enabled or disabled by the
KBENX bits of the PDKBEN register. Individual interrupts can be configured as either edge- or
level-sensitive by asserting or clearing the IQEGXx bits of the PDIRQEG register. Likewise, the polarity of
the interrupt is determined by the POLX bits of the PDPOL register.

All of the interrupt signals in the table can be used as.system wake-up interrupts, except for the edge
interrupt on INT3:0]. Edge interrupts on INB:0] can-enly interrupt the CPU when the system is awake.

The INT[3:0] signals are all level 4 interrupts, but IR@xs its own level. Any combination of Port D

signals and OR (negative logic) can be selected.to generate keyboard (KB) interrupts to the CPU. The KBx
signal is an active low, level-sensitive interrupt.of-the selected pins. Like the other ports, each pin can be
configured as an input or output on a bit-by-bit basis. When they are configured as inputs, each pin can
generate a CPU interrupt.

10.4.5.4 Port D Pull-up Enable Register

The Port D pull-up enable register (PDPUEN) controls the pull-up resistors for each line in Port D. The
settings for the bit positions in PDPUEN.are shown in Table 10-20.

PDPUEN Port D -Pull-up Enable Register Ox(FF)FFF41A
BIT 7 6 5 4 3 2 1 BITO
‘ PU7 ‘ PU6 ‘ PUS ‘ PU4 ‘ PU3 ‘ PU2 ‘ PU1 ‘ PUO ‘
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OxFF

Table 10-20. Port D Pull-up Enable Register Description

Name Description Setting
PUx Pull-up—These bits enable the pull-up resistors on the port. 0 = Pull-up resistors are disabled
Bits 7-0 1 = Pull-up resistors are enabled
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10.4.5.5 Port D Select Register

The Port D select register (PDSEL) determinesif abit position in the Port D dataregister (PDDATA) is
assigned asa GPIO or to adedicated 1/0 function. The settings for the bit positions of PDSEL are shownin
Table 10-21.

PDSEL Port D Select Register Ox(FF)FFF41B
BIT 7 6 5 4 3 2 1 BITO
SEL7 ‘ SEL6 ‘ SEL5 ‘ SEL4 ‘ ‘
TYPE w w w rw
1 1 1 1 0 0 0 0
RESET
OXFO

Table 10-21. Port D Select Register Description

Name Description Setting
SELX Select—These hits select whether the internal 0 = The dedicated function pins are connected.
Bits 7-4 chip function or I/O port signals are connected to 1 = The I/O port function pins are connected.
the pins.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 3-0

10.4.5.6 Port D Polarity Register

These bits select the input signal polarity of INT[3:0]. The polarity of therising or falling edge is selected
by the POLX bits. Interrupts are active high (or.rising edge) when these bits are low. Interrupts are active
low (or falling edge) while these bits are high. The settings for the bit positions of PDPOL are shown in
Table 10-22.

PDPOL Port D Polarity Register Ox(FF)FFF41C
BIT7 6 5 4 3 2 1 BITO
\ POL3 \ POL2 \ POL1 \ POLO \
TYPE rw rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-22. Port D Polarity Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-4
POLXx Polarity—These bits determine the input signal | 0 = Data is unchanged.
Bits 3-0 polarity of INT[3:0] interrupts. 1 = The input data is inverted before being
presented to the holding register.
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10.4.5.7 Port D Interrupt Request Enable Register

The interrupt enable bits (IQEN[3:0]) determine which INT[3:0] will generate an interrupt to the interrupt
controller module. The settings for the bit positions of PDIRQEN are showniin. Table 10-23.

PDIRQEN Port D Interrupt Request Enable Register Ox(FF)FFF41D
BIT7 6 5 4 3 2 1 BITO
‘ ‘ IQEN3 ‘ IQEN2 ‘ IQEN1 ‘ IQENO ‘
TYPE rw rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-23. Port D Interrupt Request Enable Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set
Bits 7-4 to 0.
IQENX Interrupt Enable—These bits select the W[S:O] 0 = Interrupt disabled.
Bits 3—-0 pins that are presented to the interrupt controller. 1 = Interrupt enabled.

10.4.5.8 Port D Keyboard Enable Register

All the selected signals are active low in referenceto the external pins, and those that are asserted will
generate akeyboard interrupt to the interrupt controller. When a KBENX bit is selected, the DIRX bits need
to be configured as an input. The SELx, POLX; |QENX, and IQEGX bits have no effect on the functionality
of KBENX. Deasserting the interrupt source isthe only way to clear a keyboard interrupt. The settings for
the bit positions of PDKBEN are shown in Table 10-24.

PDKBEN Port D_Keyboard Enable Register Ox(FF)FFF41E
BIT 7 6 5 4 3 2 1 BIT O
‘ KBEN7 ‘ KBEN6 ‘ KBENS ‘ KBEN4 ‘ KBEN3 ‘ KBEN2 ‘ KBEN1 ‘ KBENO ‘
TYPE w w w rw rw rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-24. Port D Keyboard Enable Register Description

Name Description Setting
KBENXx Keyboard Enable—These bits select the ﬁ[3:0] 0 = The keyboard interrupt is disabled.
Bits 7-0 pins that.are presented to the interrupt controller. 1 = The keyboard interrupt is enabled.

10.4.5.9 Port D Interrupt Request Edge Register

The polarity of therising or falling edge is selected by the POLx bits. It should be noted that the edge-level
interrupt for INT[3:0] cannot be used for system wake up. The level-sensitive interrupt should be used. The
settings for the bit positions of PDIRQEG are shown in Table 10-25 on page 10-21.
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PDIRQEG Port D Interrupt Request Edge Register Ox(FF)FFF41F
BIT7 6 5 4 3 2 1 BITO
‘ ‘ IQEG3 ‘ IQEG2 ‘ IQEG1 ‘ IQEGO ‘
TYPE rw w w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-25. Port D Interrupt Request Edge Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to O.
Bits 7-4
IQEGx Edge Enable—The polarity of the rising or | O = Level-sensitive interrupts are selected.
Bits 3-0 falling edge is selected by the POLX bits. 1 = INT[3:0] edge-sensitive interrupts are selected.

10.4.6 Port E Registers

Port E is composed of the following 8-bit general-purpose 1/0 registers:
e Port E direction register (PEDIR)
e Port E data register (PEDATA)
* Port E pull-up enable register (PEPUEN)
» Port E select register (PESEL)

Each signal in the PEDATA register connects to an external pin. As with the other ports, each bit on Port E
is individually configured. Port E is multiplexed with the serial peripheral interface (SPI) and UART
signals.

10.4.6.1 Port E Direction/Register

The Port E direction register controls the direction (input or output) of the line associated with the
PEDATA bit position. When the data bit is assigned to a dedicated I/O function by the PESEL register, the
DIR bits are ignored. The settings-for the bit positions of the PEDIR register are shown in Table 10-26.

PEDIR Port E Direction Register Ox(FF)FFF420
BIT 7 6 5 4 3 2 1 BITO
‘ DIR7 \ DIR6 ‘ DIR5 ‘ DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw w rw rw w rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-26. Port E Direction Register Description

Name Description Setting
DIRX Direction—These bits control the direction of the pins in an 8-bit 0 = Input
Bits 7-0 system. They reset to 0. 1 = Output
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10.4.6.2 Port E Data Register
The settings for the bit positions of the PEDATA register are shown in Table 10-27.

PEDATA Port E Data Register Ox(FF)FFF421
BIT7 6 5 4 3 2 1 BITO
| o7z | pe | bps | pa | D3 p2 | bt | po |
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET OXEE*

*Actual bit value depends on external circuits connected to pin.

Table 10-27. Port E Data Register Description

Name Description Setting
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRx is set to 1 or the
Bits 7-0 status of the 1/O signal in an external signal is low when DIRXx is set to O
8-bit system. 1 = Drives the output signal high when DIRXx is set to 1 or the
external signal is high when DIRx is setto 0

Port E is multiplexed with the serial peripheral interface (SPI), UART, and bus control signals. These pins
can be programmed as GPIO when the SPI, UART, and bus control features are not used. See Chapter 13,
“Serial Peripheral Interface 1 and 2,” and Section 2.6, “Bus Control Signals,” on page 2-6 for more
detailed information.

These bits control or report the data on the pins while the associated SEdne lhitgh. While the DIRx

bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits report

the signal driving the pins. The Dx bits can‘be written at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannot be accessed until the corresponding pin is configured as
an output. The actual value on the pin'is reported when these bits are read, regardless of whether they are
configured as input or output.

10.4.6.3 Port E Dedicated 1/0 Functions

The eight PEDATA lines are multiplexed with the SPI and UART dedicated 1/O signals whose
assignments are shown in Table10-28.

Table 10-28. Port E Dedicated Function Assignments

Bit GPIO Function Dedicated I/O Function

0 Data bit O SPITXD

1 Data bit 1 SPIRXD

2 Data bit 2 SPICLK2

3 Data bit 3 DWE/UCLK

4 Data bit 4 RXD1

5 Data bit 5 TXD1
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Table 10-28. Port E Dedicated Function

Programming Model

Assignments (Continued)

Bit GPIO Function Dedicated I/O Function
6 Data bit 6 RTS1
7 Data bit 7 CTS1

10.4.6.4

Port E Pull-up Enable Register

The Port E pull-up enable register (PEPUEN) controls the pull-up resistors for each linein Port E. The
settings for the bit positions of the PEPUEN register are shown in Table 10-29.

PEPUEN Port E Pull-up Enable Register Ox(FF)FFF422
BIT 7 6 5 4 3 2 1 BIT O
| puz | pPus | pPus | pPus ol Pus | Pu2 | Pur [ PuO |
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OXFF
Table 10-29. Port E Pull-up Enable Register Description
Name Description Setting
PUx Pull-up—These bits enable the pull-up resis- 0 = Pull-up resistors are disabled
Bits 7-0 tors on the port 1 = Pull-up resistors are enabled
10.4.6.5 Port E Select Register

The Port E select register (PESEL) determinesif a bit position in the Port E dataregister (PEDATA) is
assigned as a GPIO or to a dedicated 1/O function. The settings for the bit positions of the PEDIR register

are shown in Table 10-30.

PESEL Port E Select Register Ox(FF)FFF423
BIT 7 6 5 4 3 2 1 BITO
SEL7 | SEl6 | sels | sel4 | SEL3 SEL2 | sEll | sEL0 |
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OXFF
Table 10-30. Port E Select Register Description
Name Description Setting
SELX Select—These bits select whether the internal chip 0 = The dedicated function pins are connected.
Bits 7-0 | function/or I/O port signals are connected to the pins. | 1 = The I/O port function pins are connected.
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10.4.7 Port F Registers

Port F is composed of the following 8-bit general-purpose /O registers:
e Port F direction register (PFDIR)
* Port F data register (PFDATA)
e Port F pull-up enable register (PFPUEN)
e Port F select register (PFSEL)

Each signal in the PFDATA register connects to an external pin:-As on the other ports, each bit on Port F is
individually configured.

10.4.7.1 Port F Direction Register

The Port F direction register controls the direction (input'or output) of the line associated with the
PFDATA bit position. When the data bit is assigned to a dedicated I/O function by the PFSEL register, the
DIR bits are ignored. The settings for the PFDIR bit positions are shown in Table 10-31.

PFDIR Port F Direction.Register Ox(FF)FFF428
BIT 7 6 5 4 3 2 1 BITO
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIR1 | DIRO |
TYPE rw w rw w w rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-31. Port F Direction Register Description

Name Description Setting
DIRX Direction—These bits control-the direction of the pins in an 8-bit 0 = Input
Bits 7-0 system. They reset to 0. 1 = Output
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10.4.7.2 Port F Data Register
The settings for the bit positions of the PFDATA register are shown in Table 10-32.

PFDATA Port F Data Register Ox(FF)FFF429
BIT7 6 5 4 3 2 1 BITO
| o7z | pe | bps | pa | D3 p2 | bt | po |
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET OXEE*

*Actual bit value depends on external circuits connected to pin.

Table 10-32. Port F Data Register Description

Name Description Setting
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRXx is set to 1 or the external
Bits 7-0 status of the 1/0 signal in an signal is/low when DIRx is set to 0
8-bit system. 1 =Drives the-output signal high when DIRXx is setto 1 or the external
signal is-high when DIRx is set to 0

Port F is multiplexed with address lines A[23:20] and several dedicated functions. These pins can be
programmed as GPIO when the address bus and the dedicated 1/0 signals are not in use.

These hits control or report the data on the pins while the associated SELx bits are high. While the DIRx
bits are high (output), the Dx bits control the pins.. While the DIRX bits are low (input), the Dx bits report
the signal driving the pins. The Dx bits can bewritten at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannot be accessed until the corresponding pinis configured as
an output. The actual value on the pin is reported when these bits are read, regardless of whether they are
configured as input or output.
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10.4.7.3 Port F Dedicated I/O Functions

The eight PFDATA lines are multiplexed with the dedicated 1/0O signals whose assignments are shown in
Table 10-33.

Table 10-33. Port F Dedicated I/O Function Assignments

Bit GPIO Function Dedicated I/O Function
0 Data bit O LCONTRAST

1 Data bit 1 IRQ5

2 Data bit 2 CLKO

3 Data bit 3 A20

4 Data bit 4 A21

5 Data bit 5 A22

6 Data bit 6 A23

7 Data bit.7 CSAlL

The LCONTRAST function controls the pul se-width modulator (PWM) inside the LCD controller to
adjust the supply voltage to the LCD panel. Bit 1 canbe programmed as IRQ5, an externa level 5
interrupt.

The CLKO output clock signal isinternally connhected to the SY SCLK clock output of the internal CGM.
Thissignal is provided for external reference. The output can be disabled to reduce power consumption
and electromagnetic emission. This signal.defaults to a PF2 input signal. See Section 4.2, “CGM
Operational Overview,” on page 4-3 for more information about this signal.

Bit 7 is used for the chip-select signhal CSAEe Section 6.2, “Chip-Select Operation,” on page 6-2 for
detailed information.
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10.4.7.4 Port F Pull-up/Pull-down Enable Register

The Port F pull-up/pull-down enable register (PFPUEN) controls the pull-up resistors for each line in Port
F. The settings for the PFPUEN bit positions are shown in Table 10-34.

PFPUEN Port F Pull-up/Pull-down Enable Register Ox(FF)FFF42A
BIT 7 6 5 4 3 2 1 BITO
‘ PU7 ‘ PD6 ‘ PD5 ‘ PD4 ‘ PD3 ‘ PU2 ‘ PUL ‘ PUO ‘
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET
OXFF

Table 10-34. Port F Pull-up/Pull-down Enable Register Description

Name Description Setting
PU7 Pull-up—This bit enables the pull-up 0 = Pull-up resistor is disabled
Bit 7 resistor on the port. 1 = Pull-up resistor is enabled
PDx Pull-down—These bits enable the 0 =Pull-down resistors are disabled
Bits 6—3 pull-down resistors on the port. 1 = Pull-down resistors are enabled
PUx Pull-up—These bits enable the pull-up 0 = Pull-up resistors are disabled
Bits 2-0 resistors on the port. 1 = Pull-up resistors are enabled

10.4.7.5 Port F Select Register

The Port F select register (PFSEL) determinesif/abit position in the data register (PFDATA) isassigned as
aGPIO or to adedicated I/O function. Thesettings for the PFSEL bit positions are shown in Table 10-35.

PFSEL Port F Select Register Ox(FF)FFF42B
BIT 7 6 5 4 3 2 1 BIT O
SEL7 ‘ SEL6 ‘ SEL5 ‘ SEL4 ‘ SEL3 SEL2 ‘ SEL1 ‘ SELO ‘
TYPE w w w rw rw rw w w
1 0 0 0 0 1 1 1
RESET
0x87

Table 10-35. Port F Select Register Description

Name Description Setting

SELX Select—These hits select whether the internal chip 0 = The dedicated function pins are connected.
Bits 7-0 | function or I/O-port signals are connected to the pins. | 1 = The I/O port function pins are connected.
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10.4.8 Port G Registers

Port G is comprised of the following 8-bit general-purpose |/O registers:
e Port G direction register (PGDIR)
» Port G data register (PGDATA)
e Port G pull-up enable register (PGPUEN)
» Port G select register (PGSEL)

Each signal in the PGDATA register connects to an external pin::lt should be noted that pins 6 and 7 are
not connected to external pins. Port G provides a total of six pins, and each bit is individually configured.

10.4.8.1 Port G Direction Register

The Port G direction register controls the direction (input or.output) of the line associated with the
PGDATA bit position. When the data bit is assigned to a dedicated 1/O function by the PGSEL register, the
DIR bits are ignored. The settings for the PGDIR bit positions are shown in Table 10-36.

PGDIR Port G Direction-Register Ox(FF)FFF430
BIT 7 6 5 4 3 2 1 BIT O
‘ ‘ DIR5 ‘ DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw rw w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-36. Port:G Direction Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 7-6 0.
DIRX Direction—These bits/control the direction of 0 = Input
Bits 5-0 the pins in an 8-hit system. They reset to 0. 1 = Output

10.4.8.2 Port G Data'Register
The settings for the bit positions of the PGDATA register are shown in Table 10-37 on page 10-29.
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PGDATA Port G Data Register Ox(FF)FFF431
BIT7 6 5 4 3 2 1 BITO
‘ | bos | opa | o3 p2 | b1 | po |
TYPE w rw rw w w w
0 0 1 1 1 1 1 1
RESET OX3F*

*Actual bit value depends on external circuits connected to pin.

Table 10-37. Port G Data Register Description

Name Description Setting
Reserved Reserved These bits are reserved-and should be set to 0.
Bits 7-6
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRX is set to 1 or the external
Bits 5-0 status of the 1/0 signal in an signal is low-when DIRx is set to 0
8-bit system. 1 = Drives the output signal high when DIRx is set to 1 or the external
signal is high when DIRx is setto O

Port G is multiplexed with address line A0 and several dedicated 1/0O functions. These pins can be
programmed as GPIO when the address bus and the dedicated 1/0 signals are not in use.

All of the bits control or report the data on the pinswhile the associated SEL x bits are high. While the
DIRXx bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits
report the signal driving the pins. The Dx bits can be written at any time. Bitsthat are configured as inputs
will accept the data, but the data written to each-.cannot be accessed until the corresponding pinis
configured as an output. The actual value on the pin is reported when these bits are read, regardless of
whether they are configured as input or output: See Table 10-36 on page 10-28 for information about
setting the bits in the PGDIR register.

10.4.8.3 Port G Dedicatedl/O Functions

The six PGDATA lines are multiplexed with the dedicated /O signals whose assignments are shown in
Table 10-38.

Table 10-38:, Port G Dedicated 1/0O Function Assignments

Bit GPIO Function Dedicated I/O Function
0 Data bit 0 BUSW/DTACK
1 Data bit 1 AO
2 Data bit 2 EMUIRQ
3 Data bit 3 HIZ/P/D
4 Data bit 4 EMUCS
5 Data bit 5 EMUBRK
6
7
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BUSW isthe default bus width for the CSAO signal. The DTACK signal isthe externa input data
acknowledge signal. The MC68V Z328 microprocessor will latch the BUSW signal at therising edge of the
Reset signd. Its mode will determine the default bus width for CSAOQ. Bit 1 is Address 0. After system
reset, this signal defaultsto AO.

Bit 3is HIZ/P/D (High Impedance or Program/Data). During system reset, alogic low of thisinput signal
will put the MC68V 2328 into Hi-Z mode, in which all MC68V 2328 pins are three-stated after reset
release. For normal operation, this pin must be pulled high during system reset or left unconnected. This
pin defaultsto a GPIO input pulled high, but can be programmed as the P/D function. P/D is a status signal
used in conjunction with in-circuit emulation that shows whether the current bus cycleisin program space
or in data space during emulation mode. The remaining bits are dedicated in-circuit emulation controls.
See Chapter 16, “In-Circuit Emulation,” for detailed information-on their operation.

10.4.8.4 Port G Operational Considerations

Port G can be used as a GPIO as long as caution is exercised. After reset, the Port G pins default to the
dedicated function, except bit 3, which has an I/O funcliorensure normal operation, the EMUIRQd
EMUBRK pins must stay high or not be connected during system reset. Otherwise, the chip will enter
emulation mode.

When bits 2-5 are used as I/O, the emulation mode-cannot be used during development and debugging.
Once development is complete, bits 2-5 can be used as I/O in the final system. Bit 1 (A0) can be used as
I/O when the system is 16-bit and there is no pull-up after reset for this pin.

10.4.8.5 Port G Pull-up Enable Register

The pull-up enable register (PGPUEN) controls the pull-up resistors for each line in Port G. See
Table 10-39 for the bit settings of the PGPUEN register.

PGPUEN Port G RPull-up Enable Register Ox(FF)FFF432
BIT 7 6 5 4 3 2 1 BITO
‘ \ PUS ‘ PU4 ‘ PU3 ‘ PU2 ‘ PUL ‘ PUO ‘
TYPE w rw rw rw w w
0 0 1 1 1 1 0 1
RESET
0x3D

Table 10-39. Port G Pull-up Enable Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-6
PUx Pull-up—These bits enable the pull-up 0 = Pull-up resistors are disabled
Bits 5-0 resistors.on the port. 1 = Pull-up resistors are enabled

10.4.8.6 Port-G Select Register

The select register (PGSEL) determines if a bit position in the data register (PGDATA) is assigned as a
GPIO or to a dedicated I/O function. See Table 10-40 on page 10-31 for information about setting the bits
in the PGSEL register.
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PGSEL Port G Select Register Ox(FF)FFF433
BIT7 6 5 4 3 2 1 BITO
| ses | sela | sEL3 SEL2 | sEll | sELo |
TYPE rw rw rw w rw rw
0 0 0 0 1 0 0 0
RESET
0x08
Table 10-40. Port G Select Register Description
Name Description Setting
Reserved | Reserved These bits are reserved and should be set to 0.
Bits 7-6
SELX Select—These bits select whether the internal chip 0= The dedicated function pins are connected.
Bits 5-0 function or I/O port signals are connected to the pins. " | 1 = The I/O port function pins are connected.
10.4.9 Port J Registers

Port Jis composed of the following four general -purpose /O registers:
e Port J direction register (PJDIR)
e Port J data register (PJDATA)
e Port J pull-up enable register (PJPUEN)
e Port J select register (PJSEL)

Each signal in the PJDATA register connects to an external pin. As on the other ports, each bit on Port J is

individually configured.

10.4.9.1 Port J Direction Register

The direction register controls the/direction (input or output) of the line associated with the PJDATA bit
position. When the data bit is assigned to a dedicated 1/O function by the PJSEL register, the DIR bits are

ignored. The settings for the bit paositions are shown in Table 10-41.

PJDIR Port J Direction Register Ox(FF)FFF438
BIT7 6 5 4 3 2 1 BITO
prR7 | pbre | DRs | DR4e | DR3 | DR2 | DR1 | DRO |

TYPE rw w rw rw w w w w

0 0 0 0 0 0 0 0
RESET
0x00
Table 10-41. Port J Direction Register Description

Name Description Setting
DIRx Direction—These bits control the direction of the pinsin | 0 = Input
Bits 7-0 an 8-bit system. They reset to 0. 1 = Output
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10.4.9.2 Port J Data Register
The bit settings for the PIDATA register are shown in Table 10-42.

PJDATA Port J Data Register Ox(FF)FFF439
BIT7 6 5 4 3 2 1 BITO
| o7z | pe | bps | pa | D3 p2 | b1 | Do
TYPE w w w rw rw rw w w
1 1 1 1 1 1 1 1
RESET OXEE*

*Actual bit value depends on external circuits connected to pin.

Table 10-42. Port J Data Register Description

Name Description Setting
Dx Data—These bits reflect the 0 = Drives the.output signal low when DIRXx is set to 1 or the
Bits 7-0 status of the I/O signal in an external signal is low when DIRX is set to O
8-bit system. 1 = Drives'the output signal high when DIRXx is set to 1 or the
external signal is high when DIRx is setto 0

Port Jis multiplexed with the configurable SPI (with internal FIFO) and UART 2 signals. These pins can

be programmed as GPIO when the dedicated 1/0 signals are not in use.

These hits control or report the data on the pins while the associated SELx bits are high. While the DIRx
bits are high (output), the Dx bits control the pins.. While the DIRX bits are low (input), the Dx bits report
the signal driving the pins. The Dx bits can bewritten at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannot be accessed until the corresponding pinis configured as
an output. The actual value on the pin is reported when these bits are read, regardless of whether they are

configured as input or output.

10.4.9.3 Port J Dedicated I/O Functions

The eight PIDATA lines are multiplexed with the dedicated 1/0 signals whose assignments are shown in

Table 10-43.
Table 10-43. Port J Dedicated I/O Function Assignments
Bit GPIO Function Dedicated I/0O Function
0 Data bit O MOSI
1 Data bit 1 MISO
2 Data bit 2 SPICLK1
3 Data bit 3 Ss
4 Data bit 4 RXD2
5 Data bit 5 TXD2
6 Data bit 6 RTS2
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Table 10-43. Port J Dedicated I/O Function Assignments (Continued)

Bit

GPIO Function

Dedicated I/O Function

7

Data bit 7

CTS2

Bits 0—3 are control signals connected to SPI 1. Their operation is detailed in Section 13.2.4, “SPI 1
Signals,” on page 13-3. The remaining 4 bits are control signals for UART 2; more information appears in
Section 14.2.3, “Serial Interface Signals,” on page 14-3.

10.4.9.4 Port J Pull-up Enable Register

The pull-up enable register (PJPUEN) controls the pull-up resistors for each line in Port J. The bit settings
for the PJPUEN register are shown in Table 10-44.

PJPUEN Port J Pull-up Enable Register Ox(FF)FFF43A
BIT7 6 5 4 3 2 1 BITO
| puz | pus | pPus | pPusa | pPus | Pu2z | Pur | Pu0 |
TYPE w w w w rw rw w w
1 1 1 1 1 1 1 1
RESET
OxFF
Table 10-44. Port J Pull‘up Enable Register Description
Name Description Setting
PUx Pull-up—These bits enable the pull-up resis- 0 = Pull-up resistors are disabled
Bits 7-0 tors on the port 1 = Pull-up resistors are enabled

10.4.9.5 Port J Select Register

The select register (PJSEL) determines if a bit position in the data register (PJDATA) is assigned as a
GPIO or to a dedicated I/O function: The bit settings for the PJSEL register are shown in Table 10-45.

PJSEL Port J Select Register Ox(FF)FFF43B
BIT7 6 5 4 3 2 1 BIT O
SEL7 | SsEL6 | SELs | SEL4 | SEL3 sel2 | SEL1 | SEl0 |
TYPE rw rw rw rw rw rw rw rw
1 1 1 0 1 1 1 1
RESET
OXEF
Table 10-45. Port J Select Register Description
Name Description Setting
SELX Select—These bits select whether the internal chip 0 = The dedicated function pins are connected.
Bits 7-0 | function or I/O port signals are connected to the pins. | 1 = The I/O port function pins are connected.
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10.4.10 Port K Registers

Port K is composed of the following 8-bit general-purpose /O registers:
e Port K direction register (PKDIR)
* Port K data register (PKDATA)
e Port K pull-up/-down enable register (PKPUEN)
e Port K select register (PKSEL)

Each signal in the PKDATA register connects to an external pin.-As on the other ports, each bit on Port K
is individually configured.

10.4.10.1 Port K Direction Register

The direction register controls the direction (input or output) of the line associated with the PKDATA bit
position. When the data bit is assigned to a dedicated 1/O function by the PKSEL register, the DIR bits are
ignored. The settings for the PKDIR register bit positions are shown in Table 10-46.

PKDIR Port K Direction-Register Ox(FF)FFF440
BIT 7 6 5 4 3 2 1 BITO
‘ DIR7 ‘ DIR6 ‘ DIR5 ‘ DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw w rw rw w rw w w
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-46. PortK Direction Register Description

Name Description Setting
DIRX Direction—These bits control the direction of 0 = The pins are inputs.
Bits 7-0 the pins in an 8-bit system«They reset to 0. 1 = The pins are outputs.

10.4.10.2 Port K Data Register
The settings for the PKDATA register bit positions are shown in Table 10-47 on page 10-35.
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PKDATA Port K Data Register Ox(FF)FFF441
BIT7 6 5 4 3 2 1 BITO
| o7z | e | bs | pa | o3 p2 | b1 | po |
TYPE w w w rw rw w w w
0 0 0 0 1 1 1 1
RESET OXOF*

*Actual bit value depends on external circuits connected to pin.

Table 10-47. Port K Data Register Description

Name Description Setting
Dx Data—These bits reflect the status of 0 = Drives the output signal low when DIRx is set to 1 or the
Bits 7-0 | the I/O signal in an 8-bit system. external signal is low when DIRXx is set to O

1 = Drives the output signal high when DIRx is setto 1 or the
external signal is high when DIRx is set to O

Port K is multiplexed with the IrDA, SPI, and LCD controller signals. These pins can be programmed as
GPIO when the dedicated 1/0 signals are not in use.

These bits control or report the data on the pins while the associated SEL x bits are high. While the DIRx
bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits report
the signal driving the pins. The Dx bits can be written at any time. Bits that are configured as inputs will
accept the data, but the data written to each cannotbe accessed until the corresponding pinis configured as
an output. The actua value on the pin is reported when these bits are read, regardless of whether they are
configured as input or output.

10.4.10.3 Port K Dedicated I/O Functions

The eight PKDATA lines are multiplexed with the dedicated I/O signals whose assignments are shown in
Table 10-48.

Table 10-48. Port K Dedicated I/O Function Assighnments

Bit GPIO Function Dedicated 1/0O Function

0 Data bit 0 DATA_READY/PWM2

1 Data bit 1 RW

2 Data bit 2 LDS

3 Data bit 3 uDS

4 Data bit 4 LD4

5 Data bit 5 LD5

6 Data bit 6 LD6

7 Data bit 7 LD7

(M) moToroLa /O Ports 10-35

For More Information On This Product,
Go to: www.freescale.com



Programming Model Freescale Semiconductor, Inc.

When bit 0 isset asDATA_READY, it can be used in master mode to signal the SPI master to clock out
data. PWMO2 is an output signal from the PWM 2 module. If this pin is configured as this dedicated
function and PKDIRO is set to 1, the PWMO2 signal is selected. If PKDIR0 is0, DATA_READY is
selected. This pin defaults to Port K data bit 0, GPIO input, pulled high.

When selected bit 1 (RW) is connected to the 68000 CPU Read/Write signal, this pin defaults to Port K
bit 1, GPIO input, pulled high.

The remaining bits are involved with bus control. See Section 2.6, “Bus Control Signals,” on page 2-6 for
more detailed information.

10.4.10.4 Port K Pull-up/Pull-down Enable Register

The pull-up/pull-down enable register (PKPUEN) controls the pull-up and the pull-down resistors for each
line in Port K. The settings for the PKPUEN register bit positions are shown in Table 10-49.

PKPUEN Port K Pull-up/Pull-down Enable Register Ox(FF)FFF442
BIT7 6 5 4 3 2 1 BITO
| po7 | pPos | pPps | pPoa | Pus | Pu2 | Pur [ Puo |
TYPE w w w w rw rw w w
1 1 1 1 1 1 1 1
RESET
OxFF
Table 10-49. Port K Pull-up/Pull-down Enable Register Description
Name Description Setting
PUx Pull-up/Pull-down Enable—These bhits enable | 0 = Pull-up and pull-down resistors are disabled
Bits 7-0 the pull-up and pull-down resistors on the port. 1 = Pull-up and pull-down resistors are enabled

10.4.10.5 Port K Select Register

The select register (PKSEL) determines if a bit position in the data register (PKDATA) is assigned as a
GPIO or to a dedicated I/O function. The settings for the PKSEL register bit positions are shown in
Table 10-50.

PKSEL Port K Select Register Ox(FF)FFF443
BIT7 6 5 4 3 2 1 BIT O
seL7 | se6 | sels | sel4 | SEL3 SEL2 | sEll | sEL0 |

TYPE rw rw rw rw rw rw rw rw

1 1 1 1 1 1 1 1
RESET
OxFF
Table 10-50. Port K Select Register Description
Name Description Setting
SELX Select—These bits select whether the internal chip 0 = The dedicated function pins are connected.
Bits 7-0 | function or I/O port signals are connected to the pins. | 1 =The I/O port function pins are connected.
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10.4.11 Port M Registers

Port M is composed of the following four general-purpose 1/O registers:
e Port M direction register (PMDIR)
e Port M data register (PMDATA)
e Port M pull-up enable register (PMPUEN)
e Port M select register (PMSEL)

Each signal in the PMDATA register connects to an external pin: It should be noted that pins 6 and 7 are
not connected to external pins.

10.4.11.1 Port M Direction Register

The direction register controls the direction (input or output) of the line associated with the PMDATA bit
position. When the data bit is assigned to a dedicated 1/O function by the PMSEL register, the DIR bits are
ignored. The settings for the PMDIR register bit positions are shown in Table 10-51.

PMDIR Port M Direction-Register Ox(FF)FFF448
BIT 7 6 5 4 3 2 1 BIT O
‘ ‘ DIR5 ‘ DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘
TYPE rw rw w rw w rw
0 0 0 0 0 0 0 0
RESET
0x00

Table 10-51. Port:M Direction Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 7-6 0.
DIRX Direction—These bits/control the direction of 0 = The pins are inputs.
Bits 5-0 the pins in an 8-hit system. They reset to 0. 1 = The pins are outputs.
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10.4.11.2 Port M Data Register
The settings for the PMDATA register bit positions are shown in Table 10-52.

PMDATA Port M Data Register Ox(FF)FFF449
BIT7 6 5 4 3 2 1 BITO
‘ | ps | opa | o3 p2 | bt | po |
TYPE w rw rw rw w w
0 0 1 0 0 0 0 0
RESET OX20*
*Actual bit value depends on external circuits connected to pin.
Table 10-52. Port M Data Register Description
Name Description Setting
Reserved Reserved These bits are. reserved and should be set to 0.
Bits 7-6
Dx Data—These bits reflect the 0 = Drives the output signal low when DIRXx is set to 1 or the
Bits 5-0 status of the 1/O signal in an external signal is low when DIRXx is set to O
8-bit system. 1 = Drives the output signal high when DIRx is set to 1 or the
external signal is high when DIRx is set to O

Port M is multiplexed with the SDRAM controller signals. These pins can be programmed as GPIO when
the SDRAM /O signalsare not in use.

These bits control or report the data on the pins while the associated SEL x bits are high. While the DIRx
bits are high (output), the Dx bits control the pins. While the DIRX bits are low (input), the Dx bits report
the signal driving the pins. The Dx bits can.bewritten at any time. Bits that are configured as inputs will
accept the data, but the data written to each-cannot be accessed until the corresponding pinis configured as
an output. The actua value on the pin isreported when these bits are read, regardless of whether they are
configured as input or output.
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10.4.11.3 Port M Dedicated I/O Functions

The six PMDATA lines are multiplexed with the dedicated /O signals whose assignments are shown in
Table 10-53.

Table 10-53. Port M Dedicated I/O Function Assignments

Bit GPIO Function Dedicated 1/O Function
0 Data bit 0 SDCLK

1 Data bit 1 SDCE

2 Data bit 2 DQMH

3 Data bit 3 DQML

4 Data bit 4 SDA10

5 Data bit 5 DMOE

6

7

All of the dedicated I/O functions are involved in the operation of the DRAM controller. See Chapter 7,
“DRAM Controller,” for more details.

10.4.11.4 Port M Pull-up/Pull-down Enable Register

The pull-up/pull-down enable register (PMPUEN) controls the pull-up and pull-down resistors for each
line in Port M. The settings for the PMPUEN register bit positions are shown in Table 10-54.

PMPUEN Port M Pull-up/Pull-down Enable Register Ox(FF)FFF44A
BIT 7 6 5 4 3 2 1 BITO
‘ ] PUS ‘ PD4 ‘ PD3 ‘ PD2 ‘ PD1 ‘ PDO ‘
TYPE w rw rw rw w w
0 0 1 1 1 1 1 1
RESET
Ox3F

Table 10-54.” Port M Pull-up/Pull-down Enable Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-6
PUx Pull-up/Pull-down Enable—These bits enable | 0 = Pull-up and pull-down resistors are disabled
Bits 5-0 the pull-up and pull-down resistors on the port. 1 = Pull-up and pull-down resistors are enabled
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10.4.11.5 Port M Select Register

The select register (PMSEL) determinesif abit position in the data register (PMDATA) isassigned as a
GPIO or to adedicated 1/0 function. The settings for the PMSEL register bit'positions are shown in
Table 10-55.

PMSEL Port M Select Register Ox(FF)FFF44B
BIT 7 6 5 4 3 2 1 BIT 0
‘ SEL5 ‘ SEL4 ‘ SEL3 SEL2 ‘ SEL1 ‘ SELO ‘
TYPE w rw w rw w w
0 0 1 1 1 1 1 1
RESET
0x3F

Table 10-55. Port M Select Register Description

Name Description Setting
Reserved | Reserved These bits are reserved and should be set to
Bits 7-6 0.
SELX Select—These bits select whether the internal chip 0 = The dedicated function pins are connected.
Bits 5-0 function or I/O port signals are connected to'the pins. | 1 = The I/O port function pins are connected.
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Chapter 11

Real-Time Clock

This chapter describes the real-time clock (RTC) module, whichis composed of six blocks as shown in

Figure 11-1: the prescaler, time-of-day (TOD) clock, TOD alarm, programmabl e real-time interrupt,

watchdog timer, and minute stopwatch, as well as control registers and bus interface hardware. The RTC

modul e can generate three different level 4 interruptsto the interrupt controller. The RTC can also generate
awatchdog system reset. The following sections describe how-each block operates and interacts with other
modules in both the RTC and the MC68V Z2328.

CLK32

Real-Time
Interrupt

AAAAAAAA

TOD Clock
y 1 Pulse 1 Pulse 1 Pulse 1 Pulse
per per per per
Second Minute Hour Day
Prescaler > > _ > >
Second Minute Hour Day
Counter Counter Counter Counter

Real-Time Interrupt <€—

RTC Interrupt <€—
Control

Registers
Watchdog Interrupt <€—j

Watchdog Reset <€—

A A

Y A Y

A

TOD Alarm & Comparator

A

Watchdog Timer

Minute Stopwatch

Figure 11-1. Real-Time Clock Module Simplified Block Diagram
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11.1 RTC Overview

The prescaler uses the CLK 32 clock to create a 1 Hz clock used by all of the blocksin the RTC, as shown
in Figure 11-1 on page 11-2. The 1 Hz signal is used to increment the countersin the TOD clock. The TOD
clock is composed of second, minute, hour, and day counters. If enabled, the TOD alarm generatesan RTC
interrupt when programmed alarm settings coincide with the TOD counters. The programmable real -time
interrupt timer is designed to support application software by providing afully programmable event timer
that generates real-time interrupts to the interrupt controller. In addition, the RTC contains a 2-second
watchdog timer and a minute stopwatch.

The RTC can generate 15 event-related interrupts producing three level 4 interrupts to the interrupt
controller: awatchdog interrupt, areal-time interrupt, and an RTC interrupt. Each interrupt produced by
the RTC, both internally and externally, can be individually enabled.or disabled in the rea-time interrupt
enable register. The mapping of the RTC internal interrupts to the interrupt controller is shown in

Table 11-1.

Table 11-1. RTC Interrupt Mapping

Internal Name Interrupt Controller Resolution
Real-time interrupt Real-time interrupt Eight different rates

Stopwatch Real-time clock Minutes

1HZ Real-time clock Seconds

MIN Real-time clock Minutes

HR Real-time clock Hours

DAY Real-time clock Days

ALM Real-time clock Seconds
Watchdog Watchdog Minutes

The watchdog timer and the entire RTC-can also be enabled and disabled. In the following descriptionsitis
assumed that the real-time clock enable (RTCEN) bit in the real-time control register is set (default),
enabling the RTC.

11.1.1 Prescaler

The prescaler divides the CLK32 reference clock down to 1 pulse per second, resulting in asignal labeled

1HZ. After aninitial power up;the CLK32 signal is always available, even when the unit isin a reduced

power mode. See Section4.3.1, “CLK32 Clock Signal,” on page 4-4 for more information about the
CLK32; see Section 4.5, “Introduction to the Power Control Module,” on page 4-10 for detailed
information on the powermodes of the MC68VZ328. The actual frequency of the CLK32 is determined by
the external crystal used as the crystal oscillator. The MC68VZ328 supports either a 32.768 kHz or a
38.4 kHz frequency crystal.

NOTE:

If'a'38.4 kHz crystal is used as the crystal oscillator, the REFREQ bit in the
real-time control register (RTCCTL) must be set. Failure to set this bit will
make the RTC timing incorrect.
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The prescaler stages are tapped to support real-time interrupt features. A periodic interrupt at 1 Hz is
available, aswell as an interrupt at the midnight rollover of the hours counter.

11.1.2 Time-of-Day Counter

Although the four counters that constitute the time-of-day counter are not restricted to operation as a
time-of-day counter, most designs use the counters in this fashion. The four counters (seconds, minutes,
hours, and days) are toggled by the 1 Hz clock from the prescaler. The seconds and minutes counters (each
6 bits) and the hours counter (5 bits) are maintained in the RTC timer-register (RTCTIME). The day
counter (9 bits) can count up to 512 days and is located in its own register (DAY R). The four counters can
be read at any time. The seconds, minutes, and hours data is maintained in 24-hour time format, which
incrementsin day counts.

NOTE:

To alow maximum flexibility in design, each of the four countersin the
TOD clock can accept values that exceed their valid range. The
MC68V 2328 does not check for range validity. If an out-of-range valueis
entered, the counter will reset to zero the'next time it is incremented. For
example, if 26 is written to the hours counter, the counter will remain 26
until incremented by the minutes counters. When incremented, the hours
counter will return to zero. It is the responsibility of the user to ensure the
range validity of datain the TOD clock.

Each of the four counters may be enabled to produce an interrupt when it rolls over. Upon reaching 59, the
seconds and minutes counters each produce an MIN-or HR interrupt (if enabled) the next time they are
incremented. Both counters reset to 00 and increment the next counter. Likewise, the hours counter, after
reaching a count of 23, produces an interrupt (DAY with the next increment from the minutes counter.
The counter resets to 00 and increments the day .counter.

11.1.3 Alarm

The alarm is composed of four registersthat mirror those found in the time-of-day counter. The seconds,
minutes, and hours counters are in the RTC alarm register (RTCALRM). The day alarm register
(DAY ALRM) contains the 9-bit DAY SAL field.

Anadarmis set by accessing the RTCALRM and DAY ALRM register and loading the days, hours,
minutes, and seconds for the time that the alarm isto generate an interrupt. The alarm is enabled when the
AL bit in thereal-time interrupt enable register (RTCIENR) is set. When thetime in the TOD counter
matches the time in the TOD alarm, the ALM bit in the real-time interrupt status register (RTCISR) is set.
If thealarmis not disabled, itwill recur every 24 hours. If asingle event darm is desired, then the interrupt
service routine should change the valuesin the alarm registers or disable the ALM bit.
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11.1.4 Watchdog Timer

The watchdog timer is an added check that a program is running and sequencing properly. When the
application software is running, it isresponsible for keeping the 2-second watchdog timer from timing out.
If the watchdog timer times out, it is an indication that the software is no longer being executed in the
intended sequence. At this time the watchdog timer generates either an interrupt or areset signa to the
system.

Programming the watchdog timer (WATCHDOG) register determinesiif the 2-second rollover produces a
watchdog interrupt or a system reset. At reset, the watchdog timer is enabled and generates a system reset.
The watchdog timer is clocked by the 1 Hz clock from the prescaler and therefore has 1-second resol ution.
It is recommended that the watchdog timer be periodically cleared by software once it is enabled.
Otherwise, either a software reset or watchdog interrupt will be generated when the timer reaches a binary
value of 10. Thetimer can be reset by writing any valueinto it.

11.1.5 Real-Time Interrupt Timer

There isareal-time interrupt available to the user. This interrupt will occur at one of eight different
selected rates. Applications for the real-time interrupt can.include digitizer sasmpling, keyboard
debouncing, or communication polling.

Each of the eight real-time interrupts operates at a fixed frequency. The frequencies of the real-time

interrupts are shown in Table 11-9 on page 11-12. BitsRTEO-RTE7 in the RTC interrupt enable register
(RTCIENR) enable each of the eight different predefined rates. When the real-time interrupt occurs, it
applies a level 4 interrupt to the MC68VZ328.interrupt controller. The real-time clock (RTCEN bit in the
RTCCTL) or the watchdog timer (EN bit in the watchdog register) must be enabled for the real-time
interrupt timer to operate. If the RTC and watchdog timer are disabled, the real-time interrupt stops.

11.1.6 Minute Stopwatch

When enabled, the minute stopwatch performs a countdown that has a 1-minute resolution. The minute
stopwatch counts down and remains at decimal -1 until it is reprogrammed. The minute stopwatch can be
used to generate an interrupt after a.certain number of minutes have elapsed. If the SW bit in the RTCIENR
register is enabled with -1 (decimal) in the STPWCH register, an interrupt will be posted on the next
minute tick.

11.1.6.1 Minute Stopwatch Application Example

The minute stopwatch can be.used to turn off the LCD controller after 5 minutes of inactivity. To
accomplish this, the minute stopwatch is programmed with a value of 5 minutes, and then the stopwatch
interrupt (SW bit) in the RTCIENR is enabled. At consecutive minute increments, the minute stopwatch
value is decremented. An SW interrupt is generated when the counter counts to -1. The stopwatch interrupt
(SW bit) in the RTCISR occurs after 5 minutes. In addition to the 5 minutes of the stopwatch, there is an
unknown number of seconds from the time the stopwatch is set until the first minute.
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11.2 Programming Model

Section 11.2.1, “RTC Time Register,” through Section 11.2.9, “Stopwatch Minutes Register,” provide
programming information on the real-time clock.

11.2.1 RTC Time Register

The real-time clock hours, minutes, and seconds (RTCTIME) register is used to program the hours,
minutes, and seconds. It can be read or written at any time. Aftera write, the current time assumes the new
values. This register cannot be reset since the real-time clockis always enabled at reset. The settings for the
RTCTIME register are described in Table 11-2.

RTCTIME RTC Hours, Minutes, and Seconds Register Ox(FF)FFFBOO
BT 30 20 28 27 26 25 24 23. 22 21 20 19 18 17 BT
31 16
‘ ‘ HOURS | ‘ MINUTES |
TYPE w rw rw rw w rw w rw rw w
0 0 0 X X X X X 0 0 X X X X X X
RESET
OXXXXX
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SECONDS
TYPE rw w rw rw w w
0 0 0 0 0 0 0 0 0 X X X X X X
RESET
0X00XX
Table 11-2. RTC Hours, Minutes, and Seconds Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 31-29
HOURS Hours—These bits/indicate the current hour. The bits can be set to any value between 0 and
Bits 28-24 23.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 23-22
MINUTES Minutes—These bits indicate the current The bits can be set to any value between 0 and
Bits 21-16 minute. 59.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15-6
SECONDS Seconds—These bits indicate the current sec- | The bits can be set to any value between 0 and
Bit 5-0 ond. 59.
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11.2.2 RTC Day Count Register

The real-time clock day count register (DAY R) contains the data from the day counter. The maximum
value of DAY R is512. When the hours counter in RTCTIME reaches 23, the next time increment resets it
to 00 and increments the day counter. Thisregister can be read or written at any time. After awrite, the
current day assumes the new value. This register cannot be reset since it isused to keep the time. The
settings for the DAY R register are described in Table 11-3.

Freescale Semiconductor, Inc.

DAYR RTC Day Counter Register Ox(ff)FFFB1A
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ DAYS |
TYPE rw rw w rw rw rw w rw w
0 0 0 0 0 0 ? ? ? ? ? ? ? ? ?
RESET
OXOXXX
Table 11-3. RTC Day Counter-Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15-9 0.
DAYS Days—This field indicates the current setting | The bits can be set to any value between 0
Bits 8-0 of the day. and 511.
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11.2.3 RTC Alarm Register

Thereal-time clock alarm (RTCALRM) register is used to configure the alarm. The hours, minutes, and
seconds can be read or written at any time. After awrite, the current time assumes the new values. The
settings for the RTCTIME register are described in Table 11-4.

Programming Model

RTCALRM RTC Alarm Register Ox(ff)FFFB0O4
° 30 20 28 27 26 25 24 28 2.2 20 1 18 17 ©°F
‘ HOURS ‘ ‘ MINUTES
TYPE w rw rw rw w rw w rw rw w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x00000000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SECONDS
TYPE rw w rw rw w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x00000000
Table 11-4. RTC Alarm_Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 31-29 0.
HOURS Hours—These bits indicate the value of the This field can be set to any value between 0
Bits 28-24 hours field in the current alarm setting. and 23. Default is value O.
Reserved Reserved These bits are reserved and should be set to
Bits 23-22 0.
MINUTES Minutes—These bits indicate the value of This field can be set to any value between 0
Bits 21-16 the minutes field in the current alarm setting. | and 59. Default is value 0.
Reserved Reserved These bits are reserved and should be set to
Bits 15-6 0.
SECONDS Seconds—These bits indicate the value of This field can be set to any value between 0
Bit 5-0 the seconds field in the current alarm setting. | and 59. Default is value 0.
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11.2.4 RTC Day Alarm Register

Thereal-time clock day alarm (DAY ALRM) register contains the numerical value of the day that
generates the alarm. It can be read or written at any time. After awrite, the current time assumes the new
values. The settings for the DAY ALRM register are described in Table 11-5.

Freescale Semiconductor, Inc.

DAYALRM RTC Day Alarm Register Ox(ff)FFFB1C
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ DAYSAL |
TYPE rw rw w rw rw rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 11-5. RTC Day Alarm Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set
Bits 15-9 to 0.
DAYSAL Days Alarm—This field indicates the numerical The bits can be set to any value between
Bits 8-0 setting of the day that will enable the alarm. 0 and 511.
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11.2.5 Watchdog Timer Register

The watchdog timer (WATCHDOG) register provides all of the control of the watchdog timer. It provides
bits to enable the watchdog timer and to determine if the result of atime outisan interrupt or a system
reset. The settings for the WATCHDOG register are described in Table 11-6:

Programming Model

WATCHDOG Watchdog Timer Register Ox (ff)FFFBOA
BIT BIT
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
‘ | oNTR | INTF | | 1sEL | EN |
TYPE w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 1
RESET
0x0001
Table 11-6. Watchdog Timer Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 15-10 be set to 0.
CNTR Counter—These bits represent the value of the watch- | Writing any value to these bits will
Bits 9-8 dog counter, which counts up in 1=second increments. | reset the counter to 00 (default).
When the watchdog counter countsto 10, it generates
a watchdog interrupt.
Note: Because the watchdog counter is incremented
by a 1 Hz signal from the real<time clock, the average
tolerance of the counter is 0.5 seconds. Greater
accuracy is obtained by polling the 1 Hz flag of the
RTCISR.
INTF Interrupt Flag—When this bit is set, a watchdog inter- | 0= No watchdog interrupt occurred.
Bit 7 rupt has occurred. This bit can be cleared by writinga | 1 = A watchdog interrupt occurred.
ltoit.
Reserved Reserved These bits are reserved and should
Bits 6-2 be set to 0.
ISEL Interrupt Selection—This bit selects the watchdog 0 = Selects the watchdog reset
Bit 1 reset. It is cleared at reset. (default).
1 = Select the watchdog interrupt.
EN Watchdog Timer Enable—This bit enables the 0 = Disable the watchdog timer.
Bit 0 watchdog timer. It is set at reset. 1 = Enable the watchdog timer
(default).
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11.2.6 RTC Control Register

Thereal-time clock control (RTCCTL) register is used to enable the real-time clock and provide reference
frequency information to the prescaler. The settings for the RTCCTL register are described in Table 11-7.

Freescale Semiconductor, Inc.

RTCCTL RTC Control Register Ox(ff)FFFBOC
BIT BIT
15 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ RTCEN ‘ ‘ REFREQ ‘
TYPE rw rw
0 0 0 0 0 0 1 0 0 0 0 0 0 0
RESET
0x0080
Table 11-7. RTC Control Register.Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15-8 0.
RTCEN Real-Time Clock Enable—This bit, when set, 0 = Disable the real-time clock
Bit 7 enables the real-time clock. 1 = Enable the real-time clock (default)
Reserved Reserved This bit is reserved and should be set to 0.
Bit 6
REFREQ Reference Frequency—This bitis-set to the fre- | 0 = Reference frequency is 32.768 kHz
Bit 5 quency of the crystal oscillator. (default).
1 = Reference frequency is 38.4 kHz.

Reserved Reserved These bits are reserved and should be set to
Bits 4-0 0.

11.2.7 RTC Interrupt Status Register

The real-time clock interrupt status register (RTCISR) indicates the status of the various real-time clock
interrupts. Each bit is set when the.corresponding event occurs. Y ou must clear these bits by writing ones,
which also clears the interrupt. This register can post interrupts while the system clock isidle or in sleep
mode. The settings for the RTCI SR register are described in Table 11-8 on page 11-11. For more
information about the frequency of the RTC interrupts, refer to Table 11-9 on page 11-12.
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RTCISR RTC Interrupt Status Register Ox(ff)FFFBOE
BT 14 13 12 11 10 o9 8 76 5 4 3 2 1 BT
15 0
| RIS7 | RIS6 | RIS5 | RIS4 | RIS3 | RIS2 | RIS1 | RISO | | HR | 1HZ | DAY | ALM [ MIN | sw |
TYPE w w w w w w w w rw w rw rw w rw
0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0
RESET
0x0000
Table 11-8. RTC Interrupt Status Register.Description
Name Description Setting
RIS7 Real-Time Interrupt Status Bit 7—This bit 0 = No RIS7 interrupt occurred.
Bit 15 shows the status of real-time interrupt 7. 1 = RIS7 interrupt occurred.
RIS6 Real-Time Interrupt Status Bit 6—This bit 0 = No RIS6 interrupt occurred.
Bit 14 shows the status of real-time interrupt 6. 1= RIS6 interrupt occurred.
RIS5 Real-Time Interrupt Status Bit 5—This bit 0 = No RIS5 interrupt occurred.
Bit 13 shows the status of real-time interrupt 5. 1= RIS5 interrupt occurred.
RIS4 Real-Time Interrupt Status Bit 4—This bit 0 = No RIS4 interrupt occurred.
Bit 12 shows the status of real-time interrupt 4. 1 = RIS4 interrupt occurred.
RIS3 Real-Time Interrupt Status Bit 3—This hit 0 = No RIS3 interrupt occurred.
Bit 11 shows the status of real-time interrupt 3: 1 = RIS3 interrupt occurred.
RIS2 Real-Time Interrupt Status Bit 2—This bit 0 = No RIS2 interrupt occurred.
Bit 10 shows the status of real-time interrupt 2. 1 = RIS2 interrupt occurred.
RIS1 Real-Time Interrupt Status Bit 1—This bit 0 = No RIS1 interrupt occurred.
Bit 9 shows the status of real-time interrupt 1. 1 = RIS1 interrupt occurred.
RISO Real-Time Interrupt Status Bit 0—This bit 0 = No RISO interrupt occurred.
Bit 8 shows the status of real-time ‘interrupt 0. 1 = RISO interrupt occurred.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-6
HR Hour Flag—This bit is/set.on every increment | 0= No 1-hour interrupt occurred.
Bit 5 of the hour counter in.the.TOD clock. 1 = A 1-hour interrupt occurred.
1HZ 1 Hz Flag—If enabled, this bit is set on every 0 = No 1 Hz interrupt occurred.
Bit 4 increment of the second counter in the TOD 1= A 1 Hz interrupt occurred.
clock.
DAY Day Flag—If enabled, this bit is set for every 0 = No 24-hour rollover interrupt occurred.
Bit 3 24-hour clock increment (at midnight) of the 1 = A 24-hour rollover interrupt occurred.
day counter.in'the TOD clock, and an interrupt
is posted .
ALM Alarm Flag—If this bit is enabled, an alarm 0 = No alarm interrupt occurred.
Bit 2 flag is set.on a compare match between the 1 = An alarm interrupt occurred.
real-time clock and the alarm register’s value.
Note: . The alarm will recur every 24 hours.
Forasingle alarm, clear the interrupt enable in
the interrupt service routine.
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Table 11-8. RTC Interrupt Status Register Description (Continued)

Name Description Setting
MIN Minute Flag—If enabled, this bit is set every 0 = No 1-minute interrupt occurred.
Bit 1 increment of the minute counter in the TOD 1 = A 1-minute interrupt has occurred.
clock.
SW Stopwatch Flag—If enabled, the stopwatch 0 = The stopwatch did not time out.
Bit 0 flag is set when the stopwatch minute count- 1 = The stopwatch timed out.
down times out.
Table 11-9. Real-Time Interrupt Frequency Settings
Ffﬁf‘;;:{:mte 32.768 kHz 38.4 kHz
P Reference Clock Reference Clock
Frequency
RFE7 512 Hz 1.9531 ms 600 Hz 1.6666 ms
RFE6 256 Hz 3.9062 ms 300 Hz 3.3333 ms
RFE5 128 Hz 7.8125.ms 150 Hz 6.6666 ms
RFE4 64 Hz 15.625.ms 75 Hz 13.3333 ms
RFE3 32 Hz 31:25'ms 37.5Hz 26.6666 ms
RFE2 16 Hz 62.5 ms 18.75 Hz 53.3333 ms
RFE1 8 Hz 125 ms 9.375 Hz 106.6666 ms
RFEO 4 Hz 250 ms 4.6875 Hz 213.3333 ms

11.2.8 RTC Interrupt Enable Register

The RTC interrupt enable register (RTCIENR) is used to enable the interrupts in the RTCSIR if the
corresponding hit is set. The settings for the RTCIENR register are described in Table 11-10 on
page 11-13. For information about the frequency of the real-time interrupts, refer to Table 11-9.
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RTCIENR RTC Interrupt Enable Register Ox(ff)FFFB10
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RIE7 | RIE6 | RIES | RIE4 | RIE3 | RIE2 | RIEL | RIEO | | HR [ 1HZ | DAY | ALM [ MIN | sw |

TYPE w w w w w w w w rw w rw rw rw rw
0 0 0 0 0 0 0 0 0 O 0 0 0 0 0

RESET

0x0000
Table 11-10. RTC Interrupt Enable Register Description
Name Description Setting

RIE7 Real-Time Interrupt Enable Bit 7—This bit enablesthe | 0 = RIE7 interrupt is disabled.

Bit 15 real-time interrupt 7. The frequency of this interruptiis 1 = RFE7 interrupt is enabled.
shown in Table 11-9 on page 11-12.

RIE6 Real-Time Interrupt Enable Bit 6—This bit enables the | 0 = RIEG6 interrupt is disabled.

Bit 14 real-time interrupt 6. The frequency of this interrupt is 1 = RIE6 interrupt is enabled.
shown in Table 11-9 on page 11-12.

RIE5S Real-Time Interrupt Enable Bit 5—This bit enables the | 0 = RIES interrupt is disabled.

Bit 13 real-time interrupt 5. The frequency of this interrupt is 1 = RIE5 interrupt is enabled.
shown in Table 11-9 on page 11-12.

RIE4 Real-Time Interrupt Enable Bit 4-=This bit enables the | 0 = RIE4 interrupt is disabled.

Bit 12 real-time interrupt 4. The frequency: of this interrupt is 1 = RIE4 interrupt is enabled.
shown in Table 11-9 on page 11-12,

RIE3 Real-Time Interrupt Enable Bit 3—This bit enables the | 0 = RIE3 interrupt is disabled.

Bit 11 real-time interrupt 3. The frequency of this interrupt is 1 = RIE3 interrupt is enabled.
shown in Table 11-9 on page 11-12.

RIE2 Real-Time Interrupt Enable'Bit 2—This bit enables the | 0 = RIE2 interrupt is disabled.

Bit 10 real-time interrupt 2. The frequency of this interrupt is 1 = RIE2 interrupt is enabled.
shown in Table 11-9 onpage 11-12.

RIE1 Real-Time Interrupt Enable Bit 1—This bit enables the | 0 = RIE1 interrupt is disabled.

Bit 9 real-time interrupt 1. The frequency of this interrupt is 1 = RIE1 interrupt is enabled.
shown in Table 11-9 on page 11-12.

RIEO Real-Time Interrupt Enable Bit 0—This bit enables the | 0 = RIEO interrupt is disabled.

Bit 8 real-time interrupt.0. The frequency of this interrupt is 1 = RIEO interrupt is enabled.
shown in Table 11-9 on page 11-12.

Reserved Reserved These bits are reserved and should

Bits 7-6 be set to 0.

HR Hour Flag—This bit enables interrupts occurring at a 0 = 1-hour interrupt disabled.

Bit 5 one-per-hour rate. 1 = 1-hour interrupt enabled.

1HZ 1 Hz Flag—This bit enables interrupts occurring at a 0 = 1 Hz interrupt disabled.

Bit 4 1 Hz rate. 1 =1 Hz interrupt enabled.

DAY Day Interrupt Enable—This bit enables the day inter- 0 = 24-hour rollover interrupt is

Bit 3 rupt occurring at a midnight rollover (0000 hours) of the disabled.
day counter. 1 = 24-hour rollover interrupt is

enabled.
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Table 11-10. RTC Interrupt Enable Register Description (Continued)

Name Description Setting

ALM Alarm Interrupt Enable—This bit enables the alarm 0 = Alarm interrupt is disabled.
Bit 2 interrupt. 1 = Alarm interrupt is enabled.
MIN Minute Interrupt Enable—This bit enables the MIN 0 = 1-minute interrupt is disabled.
Bit 1 interrupt at the rate of one interrupt per minute. 1 = 1-minute interrupt is enabled.
SwW Stopwatch Interrupt Enable—This bit enables the 0 = 1-minute interrupt is disabled.
Bit 0 stopwatch interrupt. 1 = 1-minute interrupt is enabled.

Note: The stopwatch counts down and remains at

decimal -1 until it is reprogrammed. If this bit is enabled

with -1 (decimal) in the STPWCH register, an interrupt

will be posted on the next minute tick.

11.2.9 Stopwatch Minutes Register

The stopwatch minutes (STPWCH) register contains the current stopwatch countdown value. The
stopwatch counter is decremented by the minute (M IN)-output from the TOD clock. The average tolerance
of the count is 0.5 minutes. The settings for the STPWCH register are described in Table 11-11.

NOTE:

For improved accuracy, enable the'stopwatch by polling the MIN bit of the
RTCISR register or by polling the minute interrupt service routine.

STPWCH Stopwatch Minutes Register Ox(FF)FFFB12
BIT BIT
s 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ CNT ‘
TYPE rw w rw w rw w
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
RESET
0X003F

Table 11-11.~ Stopwatch Minutes Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15-6
CNT Stopwatch-Count—This field contains The highest possible value is 62 minutes. The
Bits 5-0 the stopwatch countdown value. countdown will not be activated again until a non-
zero value, which is less than 63 minutes, is written
to this register.
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Chapter 12
General-Purpose Timers

This chapter describesin detail the operation of the general -purpose timer modules of the MC68V Z2328.
The GP timers consist of two general-purpose 16-hit timers, a prescaler, and compare and capture
registers. Each timer counter value can be captured using an external event and can be configured to trigger
a capture event on either the leading or trailing edges of an input pulse. The timer can also generate an
interrupt when the timer reaches a programmed value. Each timer has an 8-bit prescaler providing a
programmable clock frequency derived from SY SCLK. The two timers may also be cascaded together to
operate as a single 32-bit timer.

12.1 GP Timer Overview

The two 16-bit timers (Timer 1 and Timer 2) that make up the general-purpose timers are identical.
Figure 12-1 illustrates the general -purpose timer-block diagram. The following sections describe the
operation of the GP timersin detail.

SYSCLK +16 Comparel >
SYSCLK > PCLK N Output
Prescalerl »1 Counterl Loaic —> TIMER1IRQ
CLK32 > 7 9
> Capturel
TIN
" systemControl '
I
TOUT/TIN Edge : TOUT/TIN
Detect
TIN
> Capture2
CLK32 > A
PCLK
Prescaler2 » Counter2 ?_létpilét > TIMER2IRQ
SYSCLK > 7 9
SYSCLK +16 Compare2 >
Figure 12-1. General-Purpose Timer Block Diagram
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12.1.1 Clock Source and Prescaler

The clock source for each timer isindividually selectable through software. The selected clock sourceis
fed to a prescaler that acts as a divider with a programmable division ratio ranging from 1 to 256. The
output of each prescaler drives its respective counter.

The clock sources are SY SCLK, SY SCLK/16, CLK 32, and an external clock from thetimer 1/O pin (T10O).
The clock input sourceis selected by the CLKSOURCE field of the timer control registers (TCTLX). The
PRESCALER field of the timer prescaler register (TPRERX) selects the divide ratio of the input clock
(PCLK) that drives the counter. The prescaler divides the input clock by.a value between 1 and 256. The
programmable prescaler allows a maximum period of 512 seconds when using a 32.768 kHz crystal
oscillator or 436 seconds using a 38.4 kHz oscillator.

Of the four clock sources, only CLK 32 continues to operate while the MC68V 2328 is in sleep mode. See
Section 4.5.2, “CGM Operation During Sleep Mode,” on page 4-12 for more information on CLK32
operation during sleep mode.

NOTE:

Ensure that the timer is disabled by clearing the TEN bit in the TCTLx
register before changing either the clock source or prescaler setting.

12.1.2 Timer Events and Modes.of Operation

There are two types of events that produce interrupts: compare events and capture events. Compare events
occur when the value in the counter matches the contents of the compare register. Capture events occur
when a defined transition of the TOUT/TIN pin is detected.

The counter can be programmed to run inone of two modes: restart or free-running. The
free-running/restart bit in the TCTLX register only controls how the counter operates after a compare event
occurs. It does not affect counter operation following capture events. A description of each mode follows.

12.1.2.1 Restart Mode
In restart mode, the following actions occur when the compare value in the timer compare register
(TCMPx) matches the value in the timer counter register (TCNXx):

1. The counter resets to 0x0000.

2. The compare event (COMP) bit of the timer status register (TSTATX) is set.

3. The TIMERX interruptis.issued to the interrupt controller if the IRQEN bit of the TCTLx
register is set.

4. The timer counter resumes counting.

This mode is useful whenyou need to generate periodic events or, when it is used with the timer output
signals, audio tones.

12.1.2.2 Free-Running Mode

Free-running mode is similar in operation to restart mode, except that when a compare event occurs, the
counter continues.counting without resetting to 0x0000. When OxFFFF is reached, the counter rolls over to
0x0000 and continues counting.
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12.1.3 Timer Capture Register

Each timer has a 16-bit capture register that takes a “snapshot” of the timer counter when a defined
transition of the signal applied to the TIN pin is detected by the capture-edge detector. There are three
transitions of the TIN that can trigger a capture event:

e Capture on rising edge
e Capture on falling edge
e Capture on rising or falling edge

The type of transition that triggers the capture is selected by the CAP field of the TCTLX register. Pulses
that produce the capture edge can be as short as 20 ns. The minimum time between pulses is two PCLK
periods.

When a capture event occurs, the CAPT status bit is set in the TSTATX register. A TIMERX interrupt is
sent to the MC68VZ328 interrupt controller if the capture function is enabled and the IRQEN bit of the
TCTLXx register is set. The timer is disabled at reset.

12.1.4 TOUT/TIN/PB6 Pin

The TOUT/TIN pins are multiplexed with bit 6 of the Port B registers. The Port B registers determine if the
pin is assigned to the GP timers or to pin 6 of Port B (the default setting), as described in Section 10.4.2.3,
“Port B Dedicated I/0 Functions,” on page 10-10. Because the TOUT/TIN/PB6 is a bidirectional pin, the
direction of the pin is also controlled in the Port B.registers.

NOTE:

Unlike other port register pins, the TOUT/TIN/PB6 pin direction is still
controlled by the DIRG6 bit in the Port B direction register even though the
pin is assigned to the GP/timers.

When the in direction is selected, the pin (TIN) is available as a clock input to the timer or as the input
trigger to the edge-detect circuit for the capture registers. The T[1:0] field in the peripheral control register
(PCR) switches the TIN input between capture register 1 and capture register 2. When T = 0x00 the TIN is
connected to Timer 1, and when T/=0x01 the TIN is connected to Timer 2.

When the out direction is enabled,the pin (TOUT) is used to toggle or output a pulse when a timer
compare event occurs.
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12.1.5 Cascaded Timers

Both timers can be cascaded together to create a 32-bit counter. The cascade configuration is controlled by
the T[1:0] field of the PCR. See Section 5.2.2, “Peripheral Control Register,” on page 5-4 for more details.

Table 12-1 shows the two possible configurations of cascaded timers..When T[1:0] = 0x10, Timer 1 and
Timer 2 are cascaded together. Timer 1 becomes the MSW, and Timer 2 is the LSW. If the direction of the
pin is in (DIR6 = 0), the TIN signal is applied to Timer 2. If the direction is out (DIR6 = 1), the TOUT is
connected to Timer 1.

When T[1:0] = 0x11, Timer 2 becomes the MSW and Timer 1 isithe LSW. If the direction of the pin is in
(DIR6 = 0), the TIN signal is applied to Timer 1. If the direction.is-out (DIR6 = 1), the TOUT is connected
to Timer 2.

Table 12-1. Cascade Timer Settings

T[1:0] PCR MSW LSW TIN.To TOUT From
10 Timer 1 Timer 2 Timer 2 Timer 1
11 Timer 2 Timer 1 Timer 1 Timer 2

12.1.5.1 Compare and Capture Using Cascaded Timers

When the timers are cascaded, the associated.compare and capture registers are not. The flow diagram in
Figure 12-2 on page 12-5 suggests one method-for 32-bit compares using a cascaded timer. Captures can
also be accomplished using the CAPT status bit instead of the COMP status bit.

After the compare to Timers 1 and 2 is written, the COMP or CAPT status bit of the MSW is checked.
When the MSW status bit sets, check the status bit of the LSW. If it is not set, loop until it does set.

12-4 MC68VZ328 User's Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



@ MOTOROLA

Freescale Semiconductor, Inc.

Wait on MSW

MSW status bit set?

No

‘ Yes

Yes
LSW status bit set?

Set flag

32-bit
compare

Figure 12-2. Compare Routine for 32-Bit Cascaded Timers
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12.2 Programming Model

The following sections provide programming information about the settings of the two 16-bit timersin the
GP timers module. Because the two timers are identical, the register description and the associated table
describing the register settings apply to both registers.

Freescale Semiconductor, Inc.

12.2.1 Timer Control Registers 1 and 2

Each timer control (TCTLX) register controls the overall operation of its corresponding GP timer. The
settings for the registers are described in Table 12-2. The TCTL registers control the following:

» Selecting the free-running or restart mode after a compare event

» Selecting the capture trigger event

e Controlling the output compare mode

« Enabling the compare event interrupt

» Selecting the prescaler clock source
« Enabling and disabling the GP Timer

TCTL1 Timer Control Register 1 Ox(FF)FFF600
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | FRR | cAP | OM | IRQEN | CLKSOURCE | TEN |
TYPE rw w rw w w w w rw w
0 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0
RESET
0x0000
TCTL2 Timer Control Register 2 Ox(FF)FFF610
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ FRR ‘ CAP ‘ oM ‘ IRQEN ‘ CLKSOURCE ‘ TEN ‘
TYPE rw w rw w w w w rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table'12-2. Timer Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15-9
FRR Free-Running/Restart—This bit controls the 0 = Restart mode (default).
Bit 8 counter mode of operation after a compare 1 = Free-running mode.
event occurs. In free-running mode, the
counter continues after the compare. In restart
mode, the counter resets to 0x0000 and
resumes counting.
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Table 12-2. Timer Control Register Description (Continued)

Name Description Setting
CAP Capture Edge—This field selects the type of 00 = Disable capture function (default).
Bits 7-6 transition on the TIN input that triggers a cap- 01 = Capture on-rising edge.
ture event. 10 = Capture-on falling edge.
Note: To use TIN/TOUT as a TIN input, 11 = Capture on rising or falling edges.
ensure that the SEL6 bit in the Port B select
register (PBSEL) is cleared.
oM Output Mode—This bit selects the output 0 = Active-low pulse (default).
Bit 5 mode of the timer after a compare event 1 = Toggle output.
occurs. The output appears for one SYSCLK
period.
IRQEN Interrupt Request Enable—This bit enables 00 = Disable the compare interrupt (default).
Bit 4 an interrupt on a compare event. 01 = Enable the compare interrupt.
CLKSOURCE | Clock Source—This field controls the clock 000 = Stop counter (default).
Bit 3-1 source to the prescaler. The stop count 001 = SYSCLK to prescaler.
freezes the counter at its current value. 010 = SYSCLK/16 to prescaler.
Note: To use TIN/TOUT as a TIN input, 011 =TIN to prescaler.
ensure that the SELS6 bit in the Port B select Ixx = CLK32 to prescaler.
register (PBSEL) is cleared. Also ensure that
DIR6 = 0.
TEN Timer Enable—This bit enables or:disables 0 = Timer is disabled (default).
Bit 0 the associated timer. 1 = Timer is enabled.
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12.2.2 Timer Prescaler Registers 1 and 2

Each timer prescaler register (TPRERX) controls the divide ratio of the associated prescaler. The settings
for the registers are described in Table 12-3.

TPRER1 Timer Prescaler Register 1 Ox(FF)FFF602
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
| Not Used | Prescaler |
TYPE w w w w w w rw w w rw w w w w o rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
TPRER2 Timer Prescaler Register 2 Ox(FF)FFF612
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
‘ Not Used i Prescaler ‘
TYPE w w rw w w w rw w w rw w w w w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 12-3. Timer Prescaler Register Description

Name Description Setting
Not used These bits are not used. —
Bits 15-8

PRESCALER Prescaler—This field controls the frequency 0x00 = Divide by 1
Bits 7-0 output of the prescaler. The clock source is .

divided by the value contained in this register.
The value range of this field:is between 1 and .
256. OxFF = Divide by 256
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12.2.3 Timer Compare Registers 1 and 2

Each timer compare (TCMPx) register contains the value that is compared with the counter. A compare
event is generated when the counter matches the valuein thisregister. This register is set to OXFFFF at
system reset. The settings for the registers are described in Table 12-4.

Programming Model

TCMP1 Timer Compare Register 1 Ox(FF)FFF604
BIT 15 14 13 12 11 10 9 8 7 6 5 4 2 1 BITO
| COMPARE |
TYPE w w rw w rw rw rw w w “arw rw w . rw rw
1 1 1 1 1 1 1 11 1 1 1 1 1
RESET
OXFFFF
TCMP2 Timer Compare Register 2 Ox(FF)FFF614
BIT 15 14 13 12 11 10 9 8 7 6 5 4 2 1 BITO
] COMPARE ]
TYPE w w w rw rw rw rw i\ w rw rw rw w rw w
1 1 1 1 1 1 1 1 1 1 1 1 1 1
RESET
OXFFFF
Table 12-4. Timer Compare Register Description
Name Description Setting
COMPARE Compare Value—Write this field’s value to This field has a valid range 0x0000 to OxFFFF.
Bits 15-0 generate a compare event when the counter
matches this value.
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12.2.4 Timer Capture Registers 1 and 2

Each timer capture register (TCRX) stores the counter value when a capture event occurs. The settings for

the registers are described in Table 12-5.

TCR1 Timer Capture Register 1 Ox(FF)FFF606
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
| CAPTURE
TYPE rw w rw w rw w rw rw w w rw w w rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
TCR2 Timer Capture Register 2 Ox(FF)FFF616
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
‘ CAPTURE
TYPE rw w rw w w rw rw w w rw w rw w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 12-5. Timer Capture Register Description
Name Description Setting
CAPTURE Capture Value—This field stores the counter This field has a valid range 0x0000 to OxFFFF.
Bits 15-0 value that existed at the time of the capture
event.
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12.2.5 Timer Counter Registers 1 and 2

Each read-only timer counter (TCNX) register contains the current count. The TCNx can be read at any
time without affecting the current count. The settings for the registers are described in Table 12-6.

Programming Model

TCN1 Timer Counter Register 1 Ox(FF)FFF608
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
| COUNT |
TYPE r r r r r r r r r r r r r r r r
0 0 0 0 0 0 0 0 “o 0 0 0 0 0 0
RESET
0x0000
TCN2 Timer Counter Register 2 Ox(FF)FFF618
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
‘ COUNT |
TYPE r r r r r r r r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 12-6. Timer Counter Register Description
Name Description Setting
COUNT Timer Counter Value—This 16-bitfield con- This field has a valid range 0x0000 to OxFFFF.
Bits 15-0 tains the current count value.
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12.2.6 Timer Status Registers 1 and 2

Each timer status (TSTATX) register indicates the corresponding timer’s status. When a capture event

occurs, it is indicated by setting the CAPT bit. When a compare event occurs, the COMP bit is set. Both
bits are cleared by writing 0x0. To be cleared, these bits must first be"examined, and the bit must have a
value of Ox1. This ensures that an interrupt will not be missed if it occurs between the status read and when

the interrupt is cleared. The settings for the registers are described'in Table 12-7.

TSTAT1 Timer Status Register 1 Ox(FF)FFFG60A
BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
‘ Not Used | cAPT | cowmp |
TYPE w w w rw w w w  rw  rw aIw  rw rw W rw w rw
0 0 0 0 0 0 0 0 0] 0 0 0 0 0 0 0
RESET
0x0000
TSTAT2 Timer Status Register 2 Ox(FF)FFF61A
° 14 18 12 11 10 9 87 6 5 4 3 2 1 BITO
| Not Used | capT | comp |
TYPE w w w rw rw w . ITw Irw Iw Iw Iw [w Iw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 12-7. Timer Status Register Description
Name Description Setting
Not used These bits are not used. —
Bits 15-2
CAPT Capture Event—This, status bit, when set, 0 = No capture event occurred.
Bit 1 indicates that a capture event occurred. 1 = A capture event has occurred.
COMP Compare Event—This status bit, when set, 0 = No compare event occurred.
Bit 0 indicates when a compare event occurs. 1 = A compare event has occurred.
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Chapter 13
Serial Peripheral Interface 'l and 2

The MC68V 2328 contains two seria peripheral interface (SPI) modules, SPI 1 and SPI 2. This chapter
describes the operation and programming of both SPI modules.

While SPI 2 operates as a master-mode-only SPI module, SPI 1 represents an enhanced version of the

SPI 2 design. Equipped with a data FIFO, SPI 1 may operate asa master- or slave-configurable SPI
interface module, allowing the MC68V Z328 to interface with.either an external SPlI master or an SPI slave
device.

13.1 SPI 1 Overview

This section discusses how SPI 1 may be used to communicate with external devices. SPI 1 contains an
8 x 16 data-in FIFO and an 8 x 16 data-out FIFQ. Incorporating the DATA_READY and SS control
signals enables faster data communication with-fewer software interrupts. Figure 13-1 illustrates the
configurable serial peripheral interface block diagram.

CPU.Interface

A A
Y Y
Clock Clock <<—— DATA_READY
oc ‘ oc —
Generator o Control SS
[<—> SPICLK1
h/ A
l«<—>» MISO
Shift Register
l«<—>» MOSI
RxFIFO TxXFIFO

Figure 13-1. SPI 1 Block Diagram
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13.2 SPI 1 Operation

The SPI 1 signal pins are multiplexed with bit 0 (DATA_READY) of the Port K register and bits 3—0

(MOSI, MISO, and SPICLK1) of the Port J register. Therefore, before SPI 1 is used, it is necessary to write
0 to these bits in the PKSEL and PJSEL registers, respectively. See'Section 10.4.9.5, “Port J Select
Register,” on page 10-33 and Section 10.4.10.5, “Port K Select Register,” on page 10-36 for detailed
information.

13.2.1 Using SPI 1 as Master

If SPI 1 is configured as master, it uses a serial link to transfer data between the MC68VZ328 and a
peripheral device. A chip-enable signal and a clock signal are used to transfer data between the two
devices. If the external device is a transmit-only device, the SPI master’s output port can be ignored and
used for other purposes. In order to utilize the internal TXD and RxD data FIFOs, two auxiliary output
signals, S&and DATA_READY, are used for data transfer rate control. The user may also program the
sample period control register to a fixed data transfer rate.

13.2.2 Using SPI 1 as Slave

If SPI 1 is configured as slave, the SPI 1 control register can be configured to match the external SPI
master’s timing. S®ecomes an input signal and can be used for data latching from and loading to the
internal data shift registers, as well as to increment the data FIFO. Figure 13-2 shows the generic SPI
timing.

(POL=1, PHA=1) SPICLK1
(POL=1, PHA=0) SPICLK1 |

(POL=0, PHA=1) SPICLK1

L.

(POL=0, PHA=0) SPICLK1

MISO Bn Bn-l Bn-2 Bn-3 b1 b

______________i

MOsI By | Bri| Bz Bog| .. | .. | by | b

Figure 13-2. SPI 1 Generic Timing

NOTE:
SPI 1 does not consume any power when it is disabled.
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13.2.3 SPI 1 Phase and Polarity Configurations

When SPI 1 isused as master, the SPICLK 1 signal is used to transfer datain and out of the shift register.
Datais clocked using any one of four programmable clock phase and polarity variations. During phase 0
operation, output data changes on the falling clock edges, and input data isshifted in on rising edges. The
most significant bit is output when the CPU loads the transmitted data. Inphase 1 operation, output data
changes on the rising edges of the clock and is shifted in on falling edges. The most significant bit is output
onthefirst rising SPICLK1 edge. The polarity of SPICLK1 may be configured (to invert the SPICLK1
signal), but it does not change the edge-triggered events that are internal to the SPI 1. This flexibility
alowsit to operate with most serial peripheral devices available in the marketplace.

13.2.4 SPI 1 Signals

The following signals are used to control SPI 1:

MOSI—Master Out/Slave In bidirectional signal,.which is multiplexed with PJO, is the TxD output
signal from the data shift register when in master mode. In slave mode it is the RxD input to the data
shift register.

MISO—Master In/Slave Out bidirectional signal, which is multiplexed with PJ1, is the RxD input
signal to the data shift register in master mode. In slave mode it is the TxD output from the data shift
register.

SPICLK1—SPI Clock bidirectional signal, which is multiplexed with PJ2, is the SPI clock output
in master mode. In slave mode it is the input SPI clock signal.

SS—Slave Select bidirectional signal, which is multiplexed with PJ3, is output in master mode and
input in slave mode.

DATA_READY—SPI 1 Data Ready input signal is used only in master mode. It is multiplexed with
PKO and will edge- or level-trigger an SPI burst if used.
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13.3 SPI 1 Programming Model

This section provides information for programming SPI 1.

13.3.1 SPI 1 Receive Data Register

This read-only register holds the top of the 8 X 16 RxFIFO, which receives data from an external SPI
device during data transaction. The bit position assignments for this register are shown in the following
register display. The settings for this register are described in Table 13-1.

SPIRXD SPI 1 Receive Data Register Ox(FF)FFF700
BIT7 6 5 4 3 2 1 BITO
‘ DATA |
TYPE r r r r r r r r
0 0 0 0 0 0 0 0
RESET
0x0000

Table 13-1. SPI 1 Receive Data Register Description

Name Description Setting
DATA Data—Top of SPI 1's RxFIFO (8 x 16) The data in this register has no meaning if the RR bit
Bits 7-0 in the interrupt control/status register is cleared.
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13.3.2 SPI 1 Transmit Data Register

Thiswrite-only dataregister is the top of the 8 X 16 TxFIFO. Writing to TxFIFO is permitted aslong as
TXFIFO is not full, even if the XCH bit is set. For example, a user may write'to. TxFIFO during the SPI
data exchange process. In either master or slave mode, a maximum of 8 datawords are loaded. Data
written to this register can be of either 8-hit or 16-bit size. The number of bits to be shifted out of a 16-bit
FIFO element is determined by the bit count setting in the SPI 1 status/control register. The unused M SBs
are discarded and may be written with any value. For example, to transfer 10-bit data, a 16-bit word is

written to the SPITXD register, and the 6 MSBs are treated as “don’t:.care” and will not be shifted out. In
slave mode, if no data is loaded to the TxFIFO, zeros are shifted out serially as the TxD signal. Writes to
this register are ignored while the SPIEN bit in the SPI 1 control/status register is clear. The bit position
assignments for this register are shown in the following register display. The settings for this register are

described in Table 13-2.

SPITXD SPI 1 Transmit Data Register Ox(FF)FFF702
BIT7 6 5 4 3 2 1 BITO
‘ DATA
TYPE w w w W w w w w
RESET 0 0 0 0 0 0 0 0

0x00

Table 13-2. SPI 1 Transmit Data Register Description

Name Description Setting
DATA Data—Top SPI data to be loadedto the 8 x 16 TxFIFO See description
Bits 7-0
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13.3.3 SPI 1 Control/Status Register

Thisregister controlsthe configuration and operation of the SPI 1 module. The bit position assignments for
this register are shown in the following register display. The settings for thisregister are described in

Table 13-3.
SPICONT1 SPI 1 Control/Status Register Ox(FF)FFF704
BIT BIT
5 4 18 12 1 10 9 8 7 6 5 4 3 2 1 0
DATA RATE DRCTL MODE | SPIEN | XCH | 55 SS.| pHA | POL BIT COUNT
POL | CTL
TYPE w - rw w rw rw rw rw w rw rw w - w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-3. SPI 1 Control/Status-Register Description
Name Description Setting
DATA RATE Data Rate—This field selects the bit rate of the | 000 = Divide SYSCLK by 4
Bits 15-13 SCLK based on the division of the system 001 = Divide SYSCLK by 8
clock. The master clock for SPI 1 in master 010 = Divide SYSCLK by 16
mode is SYSCLK. 011 = Divide SYSCLK by 32
100 = Divide SYSCLK by 64
101 = Divide SYSCLK by 128
110 = Divide SYSCLK by 256
111 = Divide SYSCLK by 512
DRCTL DATA_READY Control—In master mode, 00 = Don't care DATA_READY
Bits 12-11 these 2 bits select the waveform of the 01 = Falling edge trigger input
DATA_READY input signal. In'slave mode, 10 = Active low level trigger input
they have no effect. 11 =RSV
MODE SPI 1 Mode Select—This bit selects the mode | 0= SPI 1 is slave mode
Bit 10 of SPI 1. 1 =SPI 1 is master mode
SPIEN SPI 1 Enable—This bit enables SPI 1. This bit | 0 = Serial peripheral interface is disabled
Bit 9 must be asserted before initiating an 1 = Serial peripheral interface is enabled
exchange. Writing a 0 to this bit flushes the Rx
and Tx FIFOs.
XCH Exchange—In-master mode, writing a 1 to this | 1 = Initiates exchange (write) or busy (read)
Bit 8 bit triggers a:data exchange. This bit remains 0=Idle
set while either'the exchange is in progress or
SPI 1 is waiting for active DATA_READY input
while DATA-READY is enabled. This bit is
cleared‘automatically when all data in the
TXFIFO and shift registers are shifted out. In
slave'mode, this bit must be clear.
SSPOL SS-Polarity Select—In both master and slave | 0 = Active low
Bit 7 modes, this bit selects the polarity of SS signal. | 1 = Active high
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Table 13-3. SPI 1 Control/Status Register Description (Continued)

Name Description Setting

SSCTL SS Waveform Select—In master mode, this Master Mode:

Bit 6 bit selects the output wave form for the SS sig- | 0 = SS stays low between SPI 1 bursts
nal. In slave mode, this bit controls RxFIFO 1 = Insert pulse between SPI 1 bursts
advancement. Slave Mode:

0 = RxFIFO advanced by Bit Count
1 = RxFIFO advanced by SS rising edge

PHA Phase—This bit controls the clock/data phase | 0 = Phase 0 operation

Bit 5 relationship. 1 = Phase 1 operation

POL Polarity—This bit controls the polarity of the 0 =.Active high polarity (0 = idle)

Bit 4 SCLK signal. 1 =Active low polarity (1 = idle)

BIT COUNT Bit Count—This field selects the length of the | 0000 = 1-bit transfer

Bits 3-0 transfer. A maximum of 16 bits can be trans- 0001 = 2-bit transfer

ferred.

In master mode, a 16-bit data word is loaded
from TxXFIFO to the shift register, and only the
least significant n bits (n = BIT COUNT) are
shifted out. The next 16-bit word is then loaded
to the shift register.

In slave mode, when the SSCTL bit is 0, this
field controls the number of bits received as a
data word loaded to RxFIFO. When the
SSCTL bit is 1, this field is ignored:

1110 = 15-bit transfer
1111 = 16-bit transfer
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13.3.4 SPI 1 Interrupt Control/Status Register

This register is used to provide interrupt control and status of various operationsin SPl 1. The bit position
assignments for this register are shown in the following register display. The settings for this register are
described in Table 13-4.

SPIINTCS SPI 1 Interrupt Control/Status Register Ox(FF)FFF706
BIT BIT
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
BO | RO | RFE | RHE | RRE | TFE | THE | TEE | B/ R [ R | R | R | T | T |
EN EN N N N N N O (0] F H R F H
TYPE rw rw rw rw rw rw rw we rw rw rworworwrw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-4. SPI 1 Interrupt Control/Status Register Description
Name Description Setting
BOEN Bit Count Overflow Interrupt Enable—Thisbit, | 0 = Disable bit count overflow interrupt.
Bit 15 when set, allows an interrupt to be generated 1 = Enable bit count overflow interrupt.
when an overflow bit count condition exists. See
the description of the BO (bit 7) for details.
ROEN RxFIFO Overflow Interrupt Enable—This bit, 0 = Disable RxFIFO overflow interrupt.
Bit 14 when set, allows an interrupt to be generated 1 = Enable RxFIFO overflow interrupt.
when an overflow occurs in the RXFIFO. See the
description of the RO (bit 6) for details.
RFEN RxFIFO Full Interrupt Enable—This bit, when 0 = Disable RxFIFO full interrupt enable.
Bit 13 set, allows an interrupt to be generated when 1 = Enable RxFIFO full interrupt enable.
there are 8 data words in the RxFIFO. See the
description of the RF (bit/5) for details.
RHEN RxFIFO Half Interrupt Enable—This bit, when 0 = Disable half interrupt enable.
Bit 12 set, allows an interrupt to be generated when the | 1 = Enable half interrupt enable.
contents of the RxFIFO is more than or equal to
4 data words. See the description of the RH (bit
4) for details.
RREN RxFIFO Data Ready Interrupt Enable—This 0 = Disable data ready interrupt enable.
Bit 11 bit, when set, allows an interrupt to be generated | 1 = Enabled data ready interrupt enable.
when at least 1.data word is ready in the
RxFIFO. See the description of the RR (bit 3) for
details.
TFEN TXFIFOFull Interrupt Enable—This bit, when 0 = Disable TxFIFO full interrupt.
Bit 10 set, causes an interrupt to be generated when 1 = Enable TxFIFO full interrupt.
the TxEIFO buffer is full and the RFEN bit is set.
THEN TXFIFO Half Interrupt Enable—This bit, when 0 = Disable TxFIFO half interrupt.
Bit 9 set,.causes an interrupt to be generated when 1 = Enable TxFIFO half interrupt.
the TxFIFO buffer is half empty and the THEN
bit is set.
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Table 13-4. SPI 1 Interrupt Control/Status Register Description (Continued)

Name Description Setting

TEEN TXFIFO Empty Interrupt Enable—This bit, 0 = Disable TxFIFO empty interrupt.

Bit 8 when set, causes an interrupt to be generated 1 = Enable TxFIFO empty interrupt.
when the TxFIFO buffer is empty and the TE bit
is set.

BO Bit Count Overflow—This bit is set when the 0 = No bit.count overflow.

Bit 7 SPlis in “slave SPI FIFO advanced by SS rising | 1 = Atleast 1 data word in RxFIFO has bit
edge” mode and the slave is receiving more than count overflow error.

16 bits in one burst. This bit is cleared after a
data read from the SPIRXD register.

Note: There is nothing to indicate which data
word has overflowed; hence, the bad data word
may still be in the FIFO if it is not empty.

RO RxFIFO Overflow—This bit indicates that the 0 = RXFIFO has not overflowed.

Bit 6 RxFIFO has overflowed and at least 1 data word | 1 = RxFIFO has overflowed. At least 1 data
is has been overwritten. The RO flag is automat- word in the RxFIFO is overwritten.
ically cleared after a data read.

RF RxFIFO Full Status—This bit, when set;indi- 0 = Less than 8 data words in RxFIFO.

Bit 5 cates that there are 8 data words in RxFIFO. 1 = 8 data words in RxFIFO.

RH RxFIFO Half Status—This bit, when ‘set, indi- 0 = Contents of RxFIFO is less than 4 data

Bit 4 cates the contents of the RxFIFO is more than or words.
equal to 4 data words. 1 = Contents of RxFIFO is greater than or

equal to 4 data words.

RR RxFIFO Data Ready Status—This bit, when 0 = RxXFIFO is empty.

Bit 3 set, indicates that at least 1 data word is ready in | 1 = At least 1 data word is ready in the
the Rx FIFO. RxFIFO.

TF TxFIFO Full Status—This bit, when set, indi- 0 = Less than 8 data words in TxFIFO.

Bit 2 cates there are 8 data wards in the TxFIFO. 1 = 8 data words in TXFIFO.

TH TxFIFO Half Status—This bit, when set, indi- 0 = Less than four empty slots in TxFIFO.

Bit 1 cates that the contents of the TXFIFO is more 1 = More than or equal to four empty slots in
than or equal to 4 data words. TXFIFO.

TE TxFIFO Empty Status—This bit, when set, 0 = At least 1 data word is in Tx FIFO.

Bit 0 causes an interrupt to be generated when the 1 = TxFIFO is empty.

TXFIFO buffer is empty and the TEEN bit is set.
Note: When the FIFO is empty, data shifting
may still be ongoing. To ensure no data
transaction is ongoing, read the XCH bit in
control register.
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13.3.5 SPI 1 Test Register

The configurable SPI test (SPITEST) register indicates the state machine status of SPI 1 aswell asthe
number of words currently in the TxFIFO and RxFIFO. The bit position assignments for this register are
shown in the following register display. The settings for thisregister are described in Table 13-5.

SPITEST SPI 1 Test Register Ox(FF)FFF708
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ SSTATUS ‘ RXCNT ‘ TXCNT
TYPE w rw w rw w rw rw w rw w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-5. SPI 1 Test Register Description
Name Description Setting
Reserved Reserved These bits are reserved and
Bits 15-12 should be set to 0.
SSTATUS State Machine Status—This field indicates the state See description.
Bits 11-8 machine status. These bits are used for test purposes only.
RXCNT RxFIFO Counter—This field indicates.the number of data 0000 = RXFIFO is empty.
Bits 7-4 words in the RxFIFO. 0001 = 1 data word in RXFIFO.
0010 = 2 data words in RXFIFO.
0011 = 3 data words in RXFIFO.
0100 = 4 data words in RXFIFO.
0101 = 5 data words in RXFIFO.
0110 = 6 data words in RXFIFO.
0111 = 7 data words in RXFIFO.
1000 = 8 data words in RXFIFO.
TXCNT TXxFIFO Counter—This field indicates the number of data 0000 = TXFIFO is empty.
Bits 3-0 words in the TXFIFO. 0001 = 1 data word in TxFIFO.

0010 = 2 data words in TxFIFO.
0011 = 3 data words in TxFIFO.
0100 = 4 data words in TxFIFO.
0101 = 5 data words in TxFIFO.
0110 = 6 data words in TxFIFO.
0111 = 7 data words in TxFIFO.
1000 = 8 data words in TXFIFO.

13.3.6 SPI1 Sample Period Control Register

This register controls thetime inserted between data transactions in master mode. The time inserted
between samples canbe from 0 to about 1 second at the resolution of the data rate clock (SPICLK 1) or the
CLK32 signal. Unlessadifferent crystal is used, the CLK32 signal is 32.768 kHz. The bit position
assignments for thisregister are shown in the following register display. The settings for this register are
described in Table 13-6 on page 13-11.
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SPI 2 Overview

SPISPC SPI 1 Sample Period Control Register Ox(FF)FFF70A
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT 0
| csRe | WAIT |
TYPE rw w rw rw w rw w rw w w w rw w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-6. SPI 1 Sample Period Control Register Description
Name Description Setting
CSRC Counter Clock Source—This bit selects the 0 =.SPICLK1 clock
Bit 15 clock source for the sample period counter. 1=CLK32 (32.68 kHz normal crystal used)
WAIT Wait—Number of clock periods inserted 0000 = 0 clocks
Bits 14-0 between data transactions in master mode 0001 = 1 clock

0002 = 2 clocks

7FFF = 32767 clocks (approximately 1 second)

13.4 SPI 2 Overview

This section discusses how SPI 2 can be used to communicate with external devices, such as EEPROMS,
analog-to-digital converters, and other peripherals. The SPI 2 module is a 3- or 4-wire system, depending
on whether you are using unidirectional or bidirectional communication mode. It provides the clock for
datatransfer and can only function as amaster device. It is fully compatible with the serial peripheral
interface on Motorola’'s 68HCO05 and 68HC11 microprocessors. Figure 13-3 shows the SPI 2 block
diagram.

MPU Interface

G(-:(-:rlg(r:[a(tor ] Control
—» SPICLK2
I I
MSB Shift Register l«@—— SPIRXD
P SPITXD

Figure 13-3. SPI 2 Block Diagram
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13.5 SPI 2 Operation

The serial peripheral interface 2 operates as a master-mode-only SPI module using a seria link to transfer
data between the MC68V Z328 and a peripheral device. A chip-enable signal‘and a clock signal are used to
transfer data between the two devices. If the external deviceis atransmit-only device, SPI 2’s output port
is freed to be used for other purposes. See Figure 13-4.

(POL=0, PHA=1) SPICLK2 |
o
o

(POL=1, PHA=1) SPICLK2

(POL=1, PHA=0)  SPICLK2

(POL=0, PHA=0)  SPICLK2

SPITXD By | Bna| BuoBrs| .. | .. [ b, | b

SPIRXD By | Bn1| Bn2| Bag ... | ... | by | b

Figure 13-4. SPI 2'Generic Timing

The SPI 2 pins are multiplexed with bits 2—0 of the Port E registers, so when you use SPI 2, you must write
000 to these bits in the PESEL register. See Section 10.4.6, “Port E Registers,” on page 10-21 for more
information.

NOTE:
The SPI 2 module does not.consume any power when it is disabled.

You must enable the ENABLE bit in the' SPICONT?2 register before you can change any other bits. To
perform a serial data transfer, set the ENABLE bit; then, in a separate write cycle, set the appropriate
control bits. The SPI 2 module is then ready to accept data into the SPIDATA2 register, which cannot be
written while the SPI 2 module is disabled or busy. Once the data is loaded, the XCH bit is set in the
SPICONT2 register, which triggers an exchange. The XCH bit remains set until the transfer is complete. If
you clear the MSPI bit in the interrupt mask register before you trigger an exchange, an interrupt will be
posted when the exchange is complete. See Section 9.6.3, “Interrupt Mask Register,” on page 9-10 for
more information. You can discover the status of the interrupt in the IRQ bit of the SPICONT?2 register,
and you can clear this bit by:writing a 0 to it.

For systems that need more-than 16 clocks to transfer data, the ENABLE bit can remain asserted between
exchanges. The enable signal required by some SPI slave devices should be provided by an I/O port pin.
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13.5.1 SPI 2 Phase and Polarity Configurations

The SPI 2 module uses the SPICLK 2 signal to transfer datain and out of the shift register. Datais clocked
using any one of four programmable clock phase and polarity variations. In phase 0 operation, output data

changes on the falling clock edges and input data is shifted in on rising edges: The most significant bit is
output when the CPU loads the transmitted data. In phase 1 operation, output data changes on the rising
edges of the clock and is shifted in on falling edges. The most significant hit is output on the first rising
SPICLK 2 edge. Polarity inverts SPICLK 2, but does not change the edge-triggered events that are internal
to the SPI 2 module. This flexibility allows it to operate with most serial periphera devices on the market.

13.5.2 SPI 2 Signals

The following signals are used to control the SPI 2 module;

SPITXD—The Transmit Data pin, which is multiplexed with PEO, is the output of the shift register.
A new data bit is presented, but it depends on whether you have selected phase or polarity.

SPIRXD—The Receive Data pin, which is multiplexed with PE1, is the input to the shift register.
A new bit is shifted in, but it depends on whether you have selected phase or polarity.

SPICLK2—The SPI 2 master Clock output pin is multiplexed with PE2. When the SPI 2 module is
triggered, the selected number of clock pulses.are issued. In polarity 0 mode, this signal is low while
the SPI 2 module is idle, and it is high in polarity 1 mode.

NOTE:

A chip-select signal may be required by the external device. A GPIO pin
may be assigned to this function.
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13.6 SPI 2 Programming Model

This section provides information for programming SPI 2.

13.6.1 SPI 2 Data Register

The SPI 2 data (SPIDATA?2) register exchanges data with external slave devices. The bit position
assignments for this register are shown in the following register display. The settings for this register are
described in Table 13-7.

SPIDATA2 SPI 2 Data Register Ox(FF)FFF800
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA
TYPE rw w rw w rw rw rw w w rw w w rw w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-7. SPI 2 Data Register Description
Name Description Setting
DATA Data—Top of SPI 2's RxFIFO (8 x 16) The data in this register has no meaning if the RR
Bits 15-0 bit in the interrupt control/status register is clear.

13.6.2 SPI 2 Data Register Timing

The data bits are exchanged with the external device. The data must be loaded before the XCH bit in the
SPICONT2 register is set. In phase 0, data is presented on the SPITXD pin when thisregister iswritten. In
phase 1, thefirst data bit is presented on the first SPICLK 2 edge. At the end of the exchange, datafrom the
peripheral is present in this register and bit O isthe least significant bit. As datais shifted MSB first,
outgoing data is automatically MSB:justified. For example, if the exchange length is 10 bits, the first bit
presented to the external device will'be bit 9, followed by the remaining hits.

NOTE:

Writes to thisfield are ignored while the ENABLE bit isclear or while the
XCH bitisset. Thisfield containsunknown dataif it isread while the XCH
bit is set.
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13.6.3 SPI 2 Control/Status Register

The SPI 2 control/status (SPICONT?2) register controls how the SPI 2 module operates and reports its
status. The bit position assignments for this register are shown in the following-register display. The
settings for thisregister are described in Table 13-8.

SPICONT2 SPI 2 Control/Status Register Ox(FF)FFF802
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA RATE ‘ ‘ ENABLE ‘ XCH ‘ IRQ ‘ IRQEN ‘ PHA ‘ POL ‘ BIT COUNT
TYPE rw - rw rw rw rw rw rw rw w o rw o rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 13-8. SPI 2 Control/Status Register Description
Name Description Setting
DATA RATE Data Rate—This field selects the bit rate of the | 000 = Divide SYSCLK by 4.
Bits 15-13 SPICLK?2 signal based on the division of the 001 = Divide SYSCLK by 8.
system clock. The master clock for the SPI.2 010 = Divide SYSCLK by 16.
module is SYSCLK. 011 = Divide SYSCLK by 32.
100 = Divide SYSCLK by 64.
101 = Divide SYSCLK by 128.
110 = Divide SYSCLK by 256.
111 = Divide SYSCLK by 512.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 12-10
ENABLE Enable—This bit enables the SPI 2 module. 0 = The SPI 2 module is disabled.
Bit 9 This bit must be asserted before initiating an 1 = The SPI 2 module is enabled.
exchange and should be deasserted after the
exchange is complete.
XCH Exchange—This bit triggers a data exchange 0 =Idle.
Bit 8 and remains set while'the exchange is in 1 = Initiate an exchange (write) or busy (read).
progress. During the busy period, the
SPIDATAZ2 register'cannot be written.
IRQ Interrupt Request—This bit is set when an 0 = An exchange is in progress or idle.
Bit 7 exchange is finished. If the IRQEN bit is set,an | 1 = The exchange is complete.
interrupt is generated. The MSPI bit of the
interrupt mask register must be cleared for the
interrupt to be posted to the core. See
Section 9.6.3, “Interrupt Mask Register,” on
page 9-10.for more information. This bit
remains asserted until it is cleared by writing a
0. You can write a 1 to this bit to generate an
interrupt request for system debugging.
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Table 13-8. SPI 2 Control/Status Register Description (Continued)

Name Description Setting
IRQEN Interrupt Request Enable—This bit enables 0 = Disable interrupt generation.
Bit 6 an interrupt to be generated when an SPI 2 1 = Allow interrupt generation.

module exchange is finished. This bit does not
affect the operation of the IRQ bit; it only
affects the interrupt signal to the interrupt con-
troller.
PHA Phase—This bit controls the clock and data 0 = Phase 0 operation.
Bit 5 phase relationship. 1 = Phase 1 operation.
POL Polarity—This bit controls the polarity of the 0 =.Active high polarity (0 = idle).
Bit 4 SCLK signal. 1 =Active low polarity (1 = idle).
BIT COUNT Bit Count—This field selects the length of the | 0000 = 1-bit transfer.
Bits 3-0 transfer. A maximum of 16 bits can be trans- 0001 = 2-bit transfer.
ferred.
In master mode, a 16-bit data word is loaded .
from the TXFIFO to the shift register, and only 1110 = 15-bit transfer.
the least significant n bits (n = BIT COUNT) 1111 = 16-bit transfer.
are shifted out. The next 16-bit word is then
loaded to the shift register.
In slave mode (when the SSCTL bit is 0), this
field controls the number of bits received as a
data word loaded to the RxFIFO.When the
SSCTL bit is 1, this field is ignored:
13-16 MC68VZ328 User's Manual @ MOTOROLA
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Chapter 14
Universal Asynchronous
Receilver/Transmitter 1 and 2

This chapter describes both UARTsin the DragonBall VVZ integrated processor. The two UART portsin
the MC68V Z328 may be used to communicate with external serial devices. UART 1inthe DragonBall VZ
processor isidentical to the UART in the DragonBall EZ processor, while UART 2 represents an enhanced
version of UART 1. One of the enhancementsin the UART.2 design is an enlarged RxFIFO and TxFIFO
to reduce the number of software interrupts. An improvement to both UARTSs is the system clock input
frequency, which is 33.16 MHz, doubling the 16.58 MHz frequency of the MC68EZ328. For the

33.16 MHz system clock, software written for the MC68EZ328 version of the chip is not compatible
unless the divider and prescaler are adjusted accordingly 'to compensate for the increased clock speed.

Because the two UART modules are nearly identical, the signal nomenclature throughout this chapter uses
an x suffix to represent either 1 or 2. For example, TXDx represents either TXD1 or TXD2 depending on
which UART is being used.

14.1 Introduction to the UARTSs

This section describes how data is transported in character blocks using the standard “start-stop” format. It
also discusses how to configure and program the UART modules, which have the following features:

e Full-duplex operation

* Flexible 5-wire serial interface

» Direct “glueless” support of IrDA physical layer protocol

» Robust receiver data sampling with noise filtering

« 12-byte FIFO for receive, 8-byte FIFO for transmit (UART 1)

e “Old data” timer on receive FIFO

e 7-and 8-bit operation with optional parity

» Break generation and detection

* Baud rate generator

» Flexible clocking options

» Standard baud rates of 600 bps to 230.4 kbps with 16x sample clock
» External 1x-clock for high-speed synchronous communication
» Eight maskable interrupts

* Low-power idle model
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The UART 2 moduleis an enhanced version of the UART 1. The features listed above are enhanced by the
following modificationsin the UART 2 module:

* The size of the RxFIFO and TxXFIFO is increased to 64 bytes each.

« Both the RXFIFO and TxFIFO half mark levels are user selectable.

« The RTS signal can be triggered by either a near RxFIFO full'condition or at the level defined by
the RxFIFO level marker, rather than the RxFIFO half-full bit.as is UART 1.

Both the UART 1 and UART 2 modules perform all of the normal operations associated with start-stop
asynchronous communication. Serial data is transmitted and received at standard bit rates using the
internal baud rate generator. For those applications that need-other bit rates, a 1x clock mode is available
providing a data-bit clock. Figure 14-1 illustrates a high-level block diagram of both UART modules.

~ | | RxFIFO | Receiver < < RxDx
= > Infrared
Interface
> » TxDx
Serial
CPU _ -
_| 7| TxFIFO |Transmitter Interface
o > < » UCLK
- CTSx
Baud Rate =
»| Generator » » RTSx

Figure 14-1. UART Simplified Block Diagram

14.2 Serial Operation

The UART modules have two modes of operation—NRZ and IrDA. Section 14.2.1, “NRZ Mode,” and
Section 14.2.2, “IrDA Mode,” describe these two modes of operation.

14.2.1 NRZ Mode

The nonreturn to zero (NRZ) mode is primarily associated with RS-232. Each character is transmitted as a
frame delimited by a start'bit/at the beginning and a stop bit at the end. Data bits are transmitted least
significant bit first, and each bit occupies a period of time equal to 1 full bit. If parity is used, the parity bit
is transmitted after the most significant bit. Figure 14-2 on page 14-3 illustrates a character in NRZ mode.
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Bit 0
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7

Start Bit
Parity Bit
Stop Bit

Figure 14-2. NRZ ASCII “A” Character with Odd Parity

14.2.2 IrDA Mode

Infrared (IrDA) mode uses character frames as NRZ mode does, but, instead of driving ones and zeros for
afull bit-time period, zeros are transmitted as three-sixteenth (or less) bit-time pulses, and onesremain
low. The polarity of transmitted pul ses and expected receive pulses can be inverted so that a direct
connection can be made to external IrDA transceiver modulesthat uses active low pulses. Figure 14-3
illustrates a character in IrDA mode.

%

o — ™ < n © ~
= = S — = b LI — = = =
om om [an] om om m m [an] [an] o o0
£ o
3 2 2
= = =
n c n
o

Figure 14-3. IrDA ASCII “A” Character with Odd Parity

14.2.3 Serial Interface Signals

The UART module hasfive signals that are used to communicate with external UART-compatible devices.
The pins of both UART modules operate identically. Exceptionsin pin and register nomenclature are noted
in the following descriptions:

e  TXD1/TXD2—The RS-232 Transmit Data signal, which is multiplexed with PE5 in UART 1 (PJ5
in UART 2), is the RS-232 transmitter serial output. This pin connects to standard RS-232 or
infrared transceiver modules. While the UART is in NRZ mode, normal data is output with “marks”
transmitted as logic high and “spaces” transmitted as logic low. In IrDA mode, this pin, which is a
configurable narrow pulse, is output for each zero bit that is transmitted.

e CTS1ICTS2—The Clear to Send signal, which is multiplexed with PE7 (PJ7 in UART 2), is an
active low input used for transmitter flow control. The transmitter waits until this signal is asserted
(low) before it starts transmitting a character. If this signal is negated while a character is being
transmitted, the character will be completed, but no additional characters are transmitted until this
signal is asserted again. The current value of this pin can be read in the CTSx STAT bit of the
corresponding-UART transmitter (UTX) register.

NOTE:

If'the NOCTSx bit of the UTX register is set, the transmitter sends a
character whenever a character is ready to be transmitted. Thep@TSx
can be programmed to post an interrupt on rising and falling edges if the
CTSD bitis set in the corresponding UART control (USTCNT) register.
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«  RXD1/RXD2—The Receive Data signal, which is multiplexed with PE4 (PJ4 in UART 2), is the
receiver serial input. As for the TXDx pin, while the UART is in NRZ mode, standard NRZ data is
expected. In IrDA mode, a pulse of at least Ju63s expected for each zero bit received. The
required pulse polarity is controlled by the RXPOL bit of the corresponding UART miscellaneous
(UMISC) register. This pin interfaces to standard RS-232 and'infrared transceiver modules.

+ RTSIRTS2-The Request to Send signal, which is multiplexed with PE6 (PJ6 in UART 2), serves
two purposes. Normally, this signal is used for flow control, in‘'which the receiver indicates that it
is ready to receive data by asserting this pin (low). This pin is then connected to the far-end
transmitter’s CTSin. When the receiver FIFO is nearly full (four slots are remaining), which
indicates a pending FIFO overrun, this pin is negated (high). When not being used for flow control,
this pin can be used as a general-purpose output controlled by the RTS1 bit (RTS2 bit in UART 2)
of the corresponding UMISC register.

* UCLK—The UART Clock input/output signal serves-two purposes. It can serve as the source of the
clock to the baud rate generator, or it can output the bit clock at the selected baud rate for
synchronous operation. The external UCLK pin connects to the UCLK of both UART 1 and
UART 2. For UCLK output, only one UART at a time is selected to drive this signal. Please refer to
Section 5.2.2, “Peripheral Control Register,” on page 5-4 for more details.

14.3 UART Operation

Both UART modules consist of three sub-blocks:
e Transmitter
* Receiver
e Baud rate generator

Section 14.3.1, “Transmitter Operation,” through Section 14.3.3, “Baud Rate Generator Operation,”
discuss these sub-blocks in detail.

14.3.1 Transmitter Operation

The transmitter accepts a character/(byte) from the CPU bus and transmits it serially. While the FIFO is
empty, the transmitter outputs a continuous idle (which is 1 bit in NRZ mode and selectable polarity in
IrDA mode). When a character is available for transmission, the start, stop, and parity (if enabled) bits are
added to the character, and it'is serially shifted (LSB first) at the selected bit rate. The transmitter presents
a new bit on each falling edge of the bit clock.

14.3.1.1 TxFIFO Buffer Operation

The transmitter posts a' maskable interrupt when it needs parallel data (TX AVAIL). There are three
maskable interrupts. To take maximum advantage of the 8-byte FIFO (64-byte FIFO in UART 2), the
FIFO EMPTY interrupt should be enabled. The interrupt service routine should load data until the

TX AVAIL bit in the UTX register is clear or until there is no more data to transmit. The transmitter does
not generate another interrupt until the FIFO has completely emptied.
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If the driver software has excessive interrupt service latency time, use the FIFO HALF interrupt. With
UART 1, the transmitter generates an interrupt when the FIFO has fewer than 4 bytes remaining. Because
UART 2 hasalarger FIFO buffer, the transmitter generates an interrupt when the FIFO has a number of
empty slotsthat islessthan or equal to the number specified by the TxFIFO level marker of the FIFO level
marker interrupt register.

If the FIFO buffer is not needed, only the TX AVAIL interrupt is required.-This interrupt is generated
when at |east one space is availablein the FIFO. Any datathat iswritten to the FIFO whilethe TX AVAIL
bit is clear isignored.

14.3.1.2 CTS Signal Operation

CTSx isused for hardware flow control. If CTSx is negated (high), the transmitter finishes sending the
character in progress (if any) and then waits for CTSx to become-asserted (Ilow) again before starting the
next character. The current state of the CTSx pin is sampled by the bit clock and can be monitored by
reading the CTSx STAT bhit of the UTX register. An interrupt can be generated when the CTSx pin
changes state. The CTSx DELTA bit of the UTX register goes high when the CTSx pin toggles. For
applications that do not need hardware flow control, such as ItDA, the NOCT Sx bit of the UTX register
should be set. While this bit is set, characters will be sent/as.soon as they are availablein the FIFO. Parity
errors can be generated for debugging purposes by setting the FORCE PERR hit in the corresponding
UMISC register.

The SEND BREAK bit of the corresponding UTX register is used to generate a Break character
(continuous zeros). Use the following procedure to send the minimum number of valid Break characters.

Make sure the BUSY bit inthe UTX registeris set.

Wait until the BUSY bit goes low.

Clear the TXEN bit in the USTCNT register, which flushes the FIFO.
Wait until the BUSY bit goes low.

Set the TXEN bit.

Set the SEND BREAK bit inthe UTX register.

Load adummy character into the-FIFO.

Wait until the BUSY bit goes|ow.

9. Clear the SEND BREAK hit:

After the procedure finishes, the FIFO should be empty and the transmitter should be idle and waiting for
the next character.

If the TXEN bit of the USTCNT register is negated while a character is being transmitted, the character
will be completed before the transmitter returnsto IDLE. The transmit FIFO isimmediately flushed when
the TXEN bit is cleared. When.the message has been completely sent and the UART isto be disabled,
monitor the BUSY bit to determine when the transmitter has actually completed sending the final
character. Remember that there may be along time delay, depending on the baud rate. It is safe to clear the
UEN bit of the corresponding USTCNT register after the BUSY bit becomes clear. The BUSY bit can also
be used to determine when to disable the transmitter and turn the link around to receive IrDA applications.

© N o gk w NP

When IrDA mode is enabled, the transmitter produces a pulse that is less than or equal to three-sixteenths
of bit time for each zero bit sent. Ones are sent as “no pulse.” When the TXPOL bit of the UMISC register
is low, pulses are“active high. When the TXPOL bit is high, pulses are active low and idle is high.
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14.3.2 Receiver Operation

The receiver block of the UART accepts a serial data stream, converting it into parallel characters. The

receiver operates in two modes—asynchronous and synchronous. In.asynchronous mode, it searches for a
start bit, qualifies it, and then samples the succeeding data bits at the perceived bit center. Jitter tolerance
and noise immunity are provided by sampling 16 times per bit and using a voting circuit to enhance
sampling. IrDA operation must use asynchronous mode. In synchronous mode, RXDx is sampled on each
rising edge of the bit clock, which is generated by the UART module or supplied externally. When a start
bit is identified, the remaining bits are shifted in and loaded intothe FIFO.

If parity is enabled, the parity bit is checked and its status is reported in the URX register. Similarly, frame
errors, breaks, and overruns are checked and reported. The 4 character status bits in the high byte (bits
11-8) of the URX register are valid only when read as a 16-bit word with the received character byte.

14.3.2.1 Rx FIFO Buffer Operation

As with the transmitter, the receiver FIFO is flexible. If the software being used has short interrupt latency
time, the FIFO FULL interrupt in the URX register can be enabled. The FIFO has no remaining space
available when this interrupt is generated. If the DATA'READY bit in the URX register indicates that

more data is remaining in the FIFO, the FIFO can then be emptied byte by byte. If the software has a
longer latency time, the FIFO HALF interrupt of the URX register can be used. This interrupt is generated
when no more than 4 empty bytes remain in the FIFO. If the FIFO is not needed, the DATA READY
interrupt should be used. This interrupt is generated when one or more characters are present in the FIFO.
The OLD DATA bit in the URX register indicates.that there is data in the FIFO and that the receive line
has been idle for more than 30 bit times. This.is useful in determining the end of a block of characters.

When IrDA mode is enabled, the receiver expects narrow (.68 a minimum) pulses for each zero bit
received. Otherwise, normal NRZ is expected. An infrared transceiver directly connected to the RXDx pin
transforms the infrared signal into an electrical signal. Polarity is programmable so that RXDx can be
connected directly to an external IrDA transceiver.

14.3.3 Baud Rate Generator Operation

The baud generator provides the bit clocks to the transmitter and receiver blocks. It consists of two
prescalers, an integer prescaler, and a second non-integer prescaler, as Weliadex.Zigure 14-4 on
page 14-7 illustrates a block diagram of the baud rate generator.
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PRE SEL
Master Clock
BAUD SRC Integer
Prescaler
SYSCLK 10
UCLK IN 1
Non-Integer
'
)P/CLK Prescaler IRCLK
P> CLK16
1
Divider Divide 0
. n by 0 CLK1
(Divide by 2") 16 1
CLK MODE
CLK SRC

Figure 14-4. Baud Rate Generator Block Diagram

The baud rate generator’s master clock source can be the system clock (SYSCLK), or it can be provided by
the UCLK pin (input mode). By setting the BAUD-SRC bit of the corresponding UART baud control
(UBAUD) register to 1, an external clock can«directly drive the baud rate generator. For synchronous
applications, the UCLK signal can be configured as an input or output for the 1x bit clock.

14.3.3.1 Divider

The divider is a 2binary divider with eight.taps—1, 2, 4, 8, 16, 32, 64, and 128. The selected tap is the
16x clock (CLK16) for the receiver. This clock is further divided by 16 to provide a 50-percent duty-cycle
1x clock (CLK1) to the transmitter. While the CLKM bit of the USTCNT register is high, CLK1 is directly
sourced by the CLK16 signal.

14.3.3.2 Non-Integer Prescaler

The non-integer prescaler is used to generate special, nonstandard baud frequencies. When IrDA mode is
enabled, zeros are transmitted as three-sixteenth bit-time pulses.

NOTE:

If the integer-prescaler is used in IrDA operation, the baud rate will be

determined by the integer prescaler. The non-integer prescaler will then be
used for controlling the pulse width, but it must be less than or equal to
three-sixteenths of bit time.

For example, in IrDA mode, the non-integer prescaler provides a clock at 1.843200 MHz
(115.200 kH2zx 16). This clock is used to generate transmit pulses, which are three-sixteenths of a
115.200 kHz bit time.

Table 14-1 on page 14-8 contains the values to use for IrDA operation.
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Table 14-1. Non-Integer Prescaler Values

Select (Binary) Minimum Divisor Maximum Divisor Step Size
000 2 3127/128 1/128
001 4 7 63/64 1/64
010 8 15 31/32 1/32
011 16 31 15/16 1/16
100 32 637/8 1/8
101 64 127:3/4 1/4
110 128 255:1/2 1/2
111 — 2 —

Example 14-1 provides a sample divisor calculation.

Example 14-1. Sample.Divisor Calculation

33.16 MHz sysclk / 1.8432 MHz for IrDA bit time = 18.0
18.0 =16 + ($20 x 1/16)

Where;

16 = minimum divisor

$20 = step value
1/16 = step size

Table 14-2 contains the values to program into the non-integer prescaler register for IrDA operation.

14-8

Table 14-2.. Non-Integer Prescaler Settings

Mode

Select (Binary)

Step Value (Hex)

IrDA

011

0x20
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14.3.3.3 Integer Prescaler

UART Operation

The baud rate generator can provide standard baud rates from many system clock frequencies. Table 14-3
contains the values that should be used in the UBAUD register for a default 33.16 MHz system clock

frequency.

@ MOTOROLA

Table 14-3. Selected Baud Rate Settings

Baud Rate Divider Prescaler (Hex)
230400 0 0x38
115200 1 0x38

57600 2 0x38
28800 3 0x38
14400 4 0x38
38400 1 0x26
19200 2 0x26
9600 3 0x26
4800 4 0x26
2400 5 0x26
1200 6 0x26

600 7 0x26

Universal Asynchronous Receiver/Transmitter 1 and 2
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Section 14.4.1, “UART 1 Status/Control Register,” through Section 14.4.14, “FIFO Level Marker
Interrupt Register,” describe the UART registers and detailed information about their settings. The
UART 1 registers are described first.

14.4.1 UART 1 Status/Control Register

The UART 1 status/control register (USTCNT1) controls the overall operation of the UART 1 module.
The bit position assignments for this register are shown in the-following register display. The settings for

this register are described in Table 14-4.

USTCNT1 UART 1 Status/Control Register Ox(FF)FFF900
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UEN RX X CL PE O ST 8/7 oD CT RX RX RX X X X
EN EN KM N DD | OP EN SD FE HE RE EE HE AE
TYPE w w w w w rw w rw w rw rw w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 14-4. UART 1 Status/Control Register Description
Name Description Setting
UEN UART 1 Enable—This bit enables the UART 1 module. This bit | 0 = UART 1 module is disabled
Bit 15 resets to 0. 1 = UART 1 module is enabled
Note: When the UART 1 module.isfirst enabled after a hard
reset and before the interrupts are-enabled, set the UEN and
RXEN bits and perform a word.read operation on the URX
register to initialize the FIFO and character status bits.
RXEN Receiver Enable—This bit'enables the receiver block. This bit | 0 = Receiver is disabled and the
Bit 14 resets to 0. receive FIFO is flushed
1 = Receiver is enabled
TXEN Transmitter Enable—This bit enables the transmitter block. 0 = Transmitter is disabled and the
Bit 13 This bit resets to 0. transmit FIFO is flushed
1 = Transmitter is enabled
CLKM Clock Mode Selection—This bhit selects the receiver’'s operat- | 0 = 16x clock mode (asynchronous
Bit 12 ing mode. When this bit is low, the receiver is in 16x mode, in mode)
which it synchronizes to the incoming datastream and samples | 1 = 1x clock mode (synchronous
at the perceived center of each bit period. When this bit is high, mode)
the receiver is in 1x mode, in which it samples the datastream
on each rising edge of the bit clock. In 1x mode, the bit clock is
driven by CLK16. This bit resets to 0.
PEN Parity Enable—This bit controls the parity generator in the 0 = Parity is disabled
Bit 11 transmitter and the parity checker in the receiver. 1 = Parity is enabled
ODD Odd Parity—This bit controls the sense of the parity generator | 0 = Even parity
Bit 10 and checker. This bit has no function if the PEN bit is low. 1 = Odd parity
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Table 14-4. UART 1 Status/Control Register Description (Continued)

Name Description Setting
STOP Stop Bit Transmission—This bit controls the number of stop 0 =.0One stop bit is transmitted
Bit 9 bits transmitted after a character. This bit has no effect on the 1 = Two stop bits are transmitted
receiver, which expects one or more stop bits.
8/7 8- or 7-Bit—This bit controls the character length. When this 0 = 7-bit transmit-and-receive
Bit 8 bit is set to 7-bit operation, the transmitter ignores data bit 7 character length
and, when receiving, the receiver forces data bit 7 to 0. 1 = 8-bit transmit-and-receive
character length
ODEN Old Data Enable—This bit enables an interrupt when the OLD-, | 0 = OLD DATA interrupt is disabled
Bit 7 DATA bit in the URX register is set. 1 = OLD DATA interrupt is enabled
CTSD CTS1 Delta Enable—When this bit is high, it enables an‘inter- | 0 = CTS1 interrupt is disabled
Bit 6 rupt when the CTS1 pin changes state. When it is low, this 1 = CTS1 interrupt is enabled
interrupt is disabled. The current status of the CTS1 pin is read
in the UTX register.
RXFE Receiver Full Enable—When this bit is high, it enables an 0 = RX FULL interrupt is disabled
Bit 5 interrupt when the receiver FIFO is full. This bit resets to 0. 1 = RX FULL interrupt is enabled
RXHE Receiver Half Enable—When this bit is high, it enables an 0 = RX HALF interrupt is disabled
Bit 4 interrupt when the receiver FIFO is more than half full. This bit | 1 = RX HALF interrupt is enabled
resets to 0.
RXRE Receiver Ready Enable—When this bit'is high, it enables an 0 = RXinterrupt is disabled
Bit 3 interrupt when the receiver has at least1 data byte in the FIFO. | 1 = RX interrupt is enabled
When it is low, this interrupt is disabled.
TXEE Transmitter Empty Enable—When this bit is high, it enables 0 = TX EMPTY interrupt is disabled
Bit 2 an interrupt when the transmitter FIFO is empty and needs 1 =TX EMPTY interrupt is enabled
data. When it is low, this interruptis.disabled.
TXHE Transmitter Half Empty Enable—When this bit is high, it 0 = TX HALF interrupt is disabled
Bit 1 enables an interrupt when the transmit FIFO is less than half 1 = TX HALF interrupt is enabled
full. When it is low, the TX HALF interrupt is disabled. This bit
resets to 0.
TXAE Transmitter Available for New Data—When this bit is high, it | 0 = TX AVAIL interrupt is disabled
Bit O enables an interrupt if the transmitter has a slot available inthe | 1 = TX AVAIL interrupt is enabled

FIFO. When it is low, this interrupt is disabled. This bit resets to
0.
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14.4.2 UART 1 Baud Control Register

Freescale Semiconductor, Inc.

The UART 1 baud control (UBAUD) register controls the operation of the baud rate generator, the
integer prescaler, and the UCLK signal. The bit position assignments for this register are shown in the
following register display. The settings for this register are described in Table 14-5.

UBAUD1 UART 1 Baud Control Register Ox(FF)FFF902
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
uCL BAU
KDI D DIVIDE PRESCALER
R SRC
TYPE w rw w rw rw rw rw rw w w rw
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
RESET
0x003F
Table 14-5. UART 1 Baud Control.Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15-14 0.
UCLKDIR UCLK Direction—This bit controls the direction 0 = UCLK is an input.
Bit 13 of the UCLK signal. When this bit is low,. the sig- 1 = UCLK is an output.
nal is an input, and when it is high, itis an output.
However, the SELx bit in the Port/E'registers
must be 0. See Section 10.4.6, “Port E Regis-
ters,” on page 10-21 for more information.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 12
BAUD SRC Baud Source—This bit controls the clock source | 0 = Baud rate generator source is from
Bit 11 to the baud rate generator. system clock.
1 = Baud rate generator source is from
UCLK pin (UCLKDIR must be set to 0).
DIVIDE Divide—These bits control the clock frequency 000 = Divide by 1.
Bits 10-8 produced by the baud rate generator. 001 = Divide by 2.
010 = Divide by 4.
011 = Divide by 8.
100 = Divide by 16.
101 = Divide by 32.
110 = Divide by 64.
111 = Divide by 128.
Reserved Reserved These bits are reserved and should be set to
Bits 7-6 0.
PRESCALER | Prescaler—These bits control the division value See description.
Bits 5-0 of the baud generator prescaler. The division
value is determined by the following formula:
Prescaler division value =
65 (decimal) - PRESCALER
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14.4.3 UART 1 Receiver Register

The UART 1 receiver (URX1) register indicates the status of the receiver FIFO and character data. The
FIFO status bits reflect the current status of the FIFO. At initial power up, these bits contain random data.
Before enabling the receiver interrupts, the UEN and RXEN bitsin the USTCNT register should be set.
Reading the UART 1 receiver register initializes the FIFO status bits. Therreceiver interrupts can then be
enabled. However, the character status bits are only valid when read with'the character bitsin a 16-bit read
access. The bit position assignments for this register are shown in the following register display. The
settings for thisregister are described in Table 14-6.

Programming Model

URX1 UART 1 Receiver Register Ox(FF)FFF904
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FIFO | FIFO DATA o | OV | FraME PARITY
FULL HALF READY DATA RNU ERROR BRFE ERROR RX DATA
TYPE r r r r r r r r r-r.r r r r r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0
RESET
0x0000
Table 14-6. UART 1 Receiver Register Description
Name Description Setting
FIFO FIFO Full (FIFO Status)—This read-only. bit indicates that the | 0 = Receiver FIFO is not full
FULL receiver FIFO is full and may generate an.overrun. This bit gen- | 1 = Receiver FIFO is full
Bit 15 erates a maskable interrupt.
FIFO FIFO Half (FIFO Status)—This read-only bit indicates that the | 0 = Receiver FIFO has more than
HALF receiver FIFO has four or fewer slots remaining in the FIFO. four slots remaining
Bit 14 This bit generates a maskable interrupt. 1 = Receiver FIFO has four or fewer
slots remaining
DATA Data Ready (FIFO Status)—This read-only bit indicates that at | 0 = No data in the receiver FIFO
READY least 1 byte is present in the receive FIFO. The character bits 1 = Data in the receiver FIFO
Bit 13 are valid only while this bitis'set. This bit generates a maskable
interrupt.
OLD Old Data (FIFO Status)—This read-only bit indicates that data | 0 = FIFO is empty or the data in the
DATA in the FIFO is older than 30 bit times. It is useful in situations FIFO is < 30 bit times old
Bit 12 where the FIFO FULL or FIFO HALF interrupts are used. If 1 = Datain the FIFO is > 30 bit times
there is data in the'FIFO, but the amount is below the FIFO old
HALF interrupt threshold, a maskable interrupt can be gener-
ated to alert the software that unread data is present. This bit
clears when the character bits are read.
OVRUN FIFO Overrun (Character Status)—This read-only bit indi- 0 = No FIFO overrun occurred
Bit 11 cates that the-receiver overwrote data in the FIFO. The charac- | 1 = A FIFO overrun was detected
ter with this bit set is valid, but at least one previous character
was lost.“In normal circumstances, this bit should never be set.
It indicates the software is not keeping up with the incoming
data rate. This bit is updated and valid for each received char-
acter.
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Freescale Semiconductor, Inc.

Table 14-6. UART 1 Receiver Register Description (Continued)

Name Description Setting
FRAME Frame Error (Character Status)—This read-only bit indicates | 0 =.Character has no framing error
ERROR that the current character had a framing error (missing stop bit), | 1 = Character has a framing error
Bit 10 which indicates that there may be corrupted data. This bit is
updated for each character read from the FIFO.
BREAK Break (Character Status)—This read-only bit indicates that 0 = Character is not a break
Bit 9 the current character was detected as a BREAK. The data bits character
are all 0 and the stop bit is also 0. The FRAME ERROR bit will-..| 1 = Character is a break character
always be set when this bit is set, and if odd parity is selected,
PARITY ERROR will also be set. This bit is updated and valid
with each character read from the FIFO.
PARITY Parity Error (Character Status)—This read-only bit indicates See description
ERROR that the current character was detected with a parity error,
Bit 8 which indicates that there may be corrupted data. This bit is
updated and valid with each character read from the FIFO.
While parity is disabled, this bit always reads O.
RX Rx Data (Character Data)—This read-only field is the top See description
DATA receive character in the FIFO. The bits have no.meaning if the
Bits 7-0 DATA READY bit is 0. In 7-bit mode, the most significant bit is

forced to 0, and in 8-bit mode, all bits are active.

14.4.4 UART 1 Transmitter Register

The UART 1 transmitter (UTX1) register controls how the transmitter operates. The bit position
assignments for this register are shown in the following register display. The settings for this register are
described in Table 14-7.

UTX1 UART 1 Transmitter Register Ox(FF)FFF906
BIT15 14 13 12 1 10 9 8 7.6 5 43 2 1 °f
FIFO FIFO T SEND NO CTS1 CTS1
EMPTY HALF AY_AI BREAK CTS1 BUSY STAT DELTA TXDATA
TYPE r r r rw rw rw rw rw W W W W w w w W
0 0 0 0 0 0 0 0 0 0 0 0 0O O 0
RESET
0x0000
Table 14-7. UART 1 Transmitter Register Description
Name Description Setting
FIFO FIFO Empty.(FIFO Status)—This read-only bit indicates that 0 = Transmitter FIFO is not empty
EMPTY the transmitter FIFO is empty. This bit generates a maskable 1 = Transmitter FIFO is empty
Bit 15 interrupt.
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Table 14-7. UART 1 Transmitter Register Description (Continued)

Name Description Setting
FIFO FIFO Half (FIFO Status)—This read-only bit indicates that the | 0 =Transmitter FIFO is more than
HALF transmitter FIFO is less than half full. This bit generates a half full
Bit 14 maskable interrupt. 1 =Transmitter FIFO is less than
half full
X Transmit FIFO Available (FIFO Status)—This read-only bit 0 = Transmitter does not need data
AVAIL indicates that the transmitter FIFO has at least one slot avail- 1 = Transmitter needs data
Bit 13 able for data. This bit generates a maskable interrupt.
SEND Send Break (Tx Control)—This bit forces the transmitter to 0 = Normal transmission
BREAK immediately send continuous zeros, which creates a break 1 = Send break (continuous zeros)
Bit 12 character. See Section 14.3.1.2, “CTS Signal Operation,” for a
description of how to generate a break.
NOCTS1 Ignore CTS1 (Tx Control)—When this bit is high, it forces the | 0 = Transmit only while the CTS1
Bit 11 CTS1 signal that is presented to the transmitter to always be signal is asserted
asserted, which effectively ignores the external pin. 1 = Ignore the CTSL1 signal
BUSY Busy (Tx Status)—When this bit is high, it indicates that the 0 = Transmitter is not sending a
Bit 10 transmitter is busy sending a character. This bit is-asserted character
while the transmitter state machine is not idle or the FIFO has 1 = Transmitter is sending a
data in it. character
CTSs1 CTS1 Status (CTS1 Bit)—This bit indicates.the current status | 0 = CTS1 signal is low
STAT of the CTS1 signal. A “snapshot” of the pin is taken immedi- 1 = CTS1 signal is high
Bit 9 ately before this bit is presented to the data bus. While the
NOCTSL1 hit is high, this bit can serve as a general-purpose
input.
CTSs1 CTS1 Delta (CTS1 Bit)—When this bit is high, it indicates that | 0 = CTS1 signal did not change
DELTA the CTS1 signal changed state and-generates a maskable state since it was last cleared
Bit 8 interrupt. The current state of the CTS1 signal is available on 1 = CTS1 signal has changed state
the CTS1 STAT bit. An immediate interrupt may be generated
by setting this bit high. The CTS1 interrupt is cleared by writing
0 to this bit.
TX Tx Data (Character) (Write-Only)—This write-only field is the | See description
DATA parallel transmit-data input.In 7-bit mode, bit 7 is ignored, and
Bits 7-0 in 8-bit mode, all of the bits are used. Data is transmitted with

the least significant bit first. A new character is transmitted
when this field is written and has passed through the FIFO.
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14.4.5

UART 1 Miscellaneous Register

Freescale Semiconductor, Inc.

The UART 1 miscellaneous (UMISCL) register contains miscellaneous bitsto control test features of the
UART 1 module. Some bits, however, are only used for factory testing and should not be used. The bit
position assignments for this register are shown in the following register display. The settings for this
register are described in Table 14-8.

UMISC1 UART 1 Miscellaneous Register Ox(FF)FFF9O08
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BA IR RT IRD | R | 1y
ubD CLK | FORCE | LO BAUD TES Sl.| RT | IRD A X P
TES | SRC PERR | OP | RESET T CO/| S1 | AEN | LO P | oL
T NT OP | OL
TYPE rw rw rw rw rw rw rw rw rw w w w
0 0 0 0 0 0 0 0~ .0 0 0 0 0 0 o0 0
RESET
0x0000
Table 14-8. UART 1 Miscellaneous Register Description
Name Description Setting
BAUD Baud Rate Generator Testing—This bit puts.the baud rate 0 = Normal mode.
TEST generator in test mode. The integer and non-integer prescal- 1 = Test mode.
Bit 15 ers, as well as the divider, are broken into 4-bit nibbles for test-
ing. This bit should remain 0 for normal operation.
CLKSRC | Clock Source—This bit selects the source of the 1x bit clock 0 = Bit clock is generated by the
Bit 14 for transmission and reception. When this bit is high, the bit baud rate generator.
clock is derived directly from the UCLK pin (it must be config- 1 = Bit clock is supplied by the
ured as an input). When it is low (normal), the bit clock is sup- UCLK pin.
plied by the baud rate generator. This bit allows high-speed
synchronous applications, in which a clock is provided by the
external system.
FORCE Force Parity Error—When this bit is high, it forces the trans- 0 = Generate normal parity.
PERR mitter to generate parity errors, if parity is enabled. This bit is 1 = Generate inverted parity (error).
Bit 13 for system debugging.
LOOP Loopback—This bit controls loopback for system testing pur- 0 = Normal receiver operation.
Bit 12 poses. When this bit is high, the receiver input is internally con- | 1 = Internally connects the
nected to the transmitter and ignores the RXD1 pin. The TXD1 transmitter output to the
pin is unaffected hy. this bit. receiver input.
BAUD Baud Rate Generator Reset—This bit resets the baud rate 0 = Normal operation.
RESET generator counters. 1 = Reset baud counters.
Bit 11
IRTEST Infrared Testing—This bit connects the output of the IrDA cir- | 0 = Normal operation.
Bit 10 cuitry to the TXD1 pin. This provides test visibility to the IrDA 1 = IrDA test mode.
module.
Reserved | Reserved These bits are reserved and should
Bits 9-8 be set to 0.
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Programming Model

Table 14-8. UART 1 Miscellaneous Register Description (Continued)

Name Description Setting

RTS1 RTS1 Control—This bit selects the function of the RTS1 pin. 0 =.RTS1 pin is controlled by the

CONT RTS1 bit.

Bit 7 1 =RTS1 pin is controlled by the
receiver FIFO. When no more
than four slots are available,
RTS1 is negated.

RTS1 Request to Send Pin—This bit controls the RTS1 pin when 0=RTS1 pinis 1.

Bit 6 the RTS1 CONT bitis 0. 1 =RTS1 pinis 0.

IRDAEN Infrared Enable—This bit enables the IrDA interface. 0 = Normal NRZ operation.

Bit 5 1 = IrDA operation.

IRDA Loop Infrared—This bit controls the loopback from the trans- 0 = No infrared loop.

LOOP mitter to the receiver in the IrDA interface. This bit is‘used for 1 = Connect the infrared transmitter

Bit 4 system testing purposes. to an infrared receiver.

RXPOL Receive Polarity—This bit controls the polarity of the received | 0 = Normal polarity (1 = idle).

Bit 3 data. 1 = Inverted polarity (0 = idle).

TXPOL Transmit Polarity—This bit controls the polarity of the trans- 0 = Normal polarity (1 = idle).

Bit 2 mitted data. 1 = Inverted polarity (0 = idle).

Reserved | Reserved These bits are reserved and should

Bits 1-0 be set to 0.
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14.4.6 UART 1 Non-Integer Prescaler Register

The UART 1 non-integer prescaler register (NIPR1) contains the control bits for the non-integer prescaler.
The bit position assignments for this register are shown in the following register display. The settings for
this register are described in Table 14-9.

NIPR1 UART 1 Non-Integer Prescaler Register Ox(FF)FFF90A
BIT15 14 13 12 11 10 8 7 6 5 4 3 2 1 BITO
PRE
SEL SELECT STEP VALUE
TYPE rw rw w rw rw w w rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 14-9. UART 1 Non-Integer Prescaler Register Description
Name Description Setting
PRESEL Prescaler Selection—This bit selects 0.=Divider source is from the integer prescaler.
Bit 15 the input to the baud rate generator 1= Divider source is from the non-integer prescaler.
divider. Refer to Figure 14-4 on
page 14-7 for information about select-
ing the prescaler.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 14-11
SELECT Tap Selection—This field selects a tap 000 = Divide range is 2 to 3 127/128 in 1/128 steps.
Bits 10-8 from the non-integer divider. 001 = Divide range is 4 to 7 63/64 in 1/64 steps.
010 = Divide range is 8 to 15 31/32 in 1/32 steps.
011 = Divide range is 16 to 31 15/16 in 1/16 steps.
100 = Divide range is 32 to 63 7/8 in 1/8 steps.
101 = Divide range is 64 to 127 3/4 in 1/4 steps.
110 = Divide range is 128 to 255 1/2 in 1/2 steps.
111 = Disable the non-integer prescaler.
STEP Step Value—This field selects the 0000 0000. Step = 0.
VALUE non-integer prescaler's:step value. 0000 0001. Step = 1.
Bits 7-0 .
1111 1110. Step = 254.
1111 1111. Step = 255.
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14.4.7 Non-Integer Prescaler Programming Example

The following steps show how to generate a 3.072 MHz clock frequency from a 16.580608 MHz clock
source.

1. Caculate the divisor:
divisor = 16.580608 MHz + 3.072000 MHz = 5.397333

2. Find the value for the SELECT field in the NIPR. The divisor is between four and eight, so
Table 14-1 on page 14-8 indicates that the SELECT field-is.001. The divisor step size for
the selected range is one sixty-fourth.

3. Find the number of steps to program into the STEP VALUE field by subtracting the
minimum divisor from the divisor (5.397333 - 4 = 1.397333) and dividing this value by the
step size, which is one sixty-fourth or 0.015625 (1.397333 + 0.015625 = 89.42). The result
should be rounded to the nearest integer value and converted to the hex equivalent:

89 (decimal) = 59 (hex)

The actual divisor will be 5.390625, which willsproduce a frequency of 3.075823 MHz
(0.12 percent above the preferred frequency).
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14.4.8 UART 2 Status/Control Register

The UART 2 status/control register (USTCNT?2) controls the overall operation of the UART 2 module.
The bit position assignments for this register are shown in the following register display. The settings for
this register are described in Table 14-10.

Freescale Semiconductor, Inc.

USTCNT2 UART 2 Status/Control Register Ox(FF)FFF910
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UEN | RX TX CL | PE | OD | ST | g, | OD | CT RX RX RX | TX X TX
EN EN KM N D | OP EN SD FE HE RE | EE HE | AE
TYPE rw rw w rw w rw w w w rw w rw w w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 14-10. UART 2 Status/Control Register Description
Name Description Setting
UEN UART 2 Enable—This bit enables the UART 2. module. This bit | 0 = UART 2 module is disabled
Bit 15 resets to 0. 1 = UART 2 module is enabled
Note: When the UART 2 module is first enabled after a hard
reset and before the interrupts are enabled, set the UEN and
RXEN bits and perform a word read operation on the URX
register to initialize the FIFO and character status bits.
RXEN Receiver Enable—This bit enables the receiver block. This bit | 0 = Receiver is disabled and the
Bit 14 resets to 0. receive FIFO is flushed
1 = Receiver is enabled
TXEN Transmitter Enable—This bit enables the transmitter block. 0 = Transmitter is disabled and the
Bit 13 This bit resets to 0. transmit FIFO is flushed
1 = Transmitter is enabled
CLKM Clock Mode Selection—This bit selects the receiver’'s operat- | 0 = 16x clock mode (asynchronous
Bit 12 ing mode. When this bit is‘low, the receiver is in 16x mode, in mode)
which it synchronizes to the incoming datastream and samples | 1 = 1x clock mode (synchronous
at the perceived center of each bit period. When this bit is high, mode)
the receiver is in 1x mode, in which it samples the datastream
on each rising edge of.the bit clock. In 1x mode, the bit clock is
driven by CLK16. This bit resets to 0.
PEN Parity Enable—This bit controls the parity generator in the 0 = Parity is disabled
Bit 11 transmitter and the parity checker in the receiver. 1 = Parity is enabled
ODD Odd Parity—This bit controls the sense of the parity generator | 0 = Even parity
Bit 10 and checker. This bit has no function if the PEN bit is low. 1 = Odd parity
STOP Stop Bit Transmission—This bit controls the number of stop 0 = One stop bit is transmitted
Bit 9 bits transmitted after a character. This bit has no effect on the 1 = Two stop bits are transmitted
receiver, which expects one or more stop bits.
8/7 8- or 7-Bit—This bit controls the character length. When this 0 = 7-bit transmit-and-receive
Bit 8 bit is-set to 7-bit operation, the transmitter ignores data bit 7 character length
and, when receiving, the receiver forces data bit 7 to 0. 1 = 8-bit transmit-and-receive
character length
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Table 14-10. UART 2 Status/Control Register Description (Continued)

Name Description Setting
ODEN Old Data Enable—This bit enables an interrupt when the OLD | 0 =.OLD DATA interrupt is disabled
Bit 7 DATA bit in the URX register is set. 1 = OLD DATA interrupt is enabled
CTSD CTS2 Delta Enable—When this bit is high, it enables an inter- | 0 =/CTS2 interrupt is disabled
Bit 6 rupt when the CTS2 pin changes state. When it is low, this 1 = CTS2 interrupt is enabled
interrupt is disabled. The current status of the CTS2 pin is read
in the UTX register.
RXFE Receiver Full Enable—When this bit is high, it enables an 0 = RX FULL interrupt is disabled
Bit 5 interrupt when the receiver FIFO is full. This bit resets to O. 1 = RX FULL interrupt is enabled
RXHE Receiver Half Enable—When this bit is high, it enables‘an 0 = RX HALF interrupt is disabled
Bit 4 interrupt when the receiver FIFO is more than half full. This'bit | 1 = RX HALF interrupt is enabled
resets to O.
RXRE Receiver Ready Enable—When this bit is high, it enables an 0 = RX interrupt is disabled
Bit 3 interrupt when the receiver has at least 1 data byte inthe FIFO. | 1 = RX interrupt is enabled
When it is low, this interrupt is disabled.
TXEE Transmitter Empty Enable—When this bit is high, it enables 0 = TX EMPTY interrupt is disabled
Bit 2 an interrupt when the transmitter FIFO is empty and needs 1=TX EMPTY interrupt is enabled
data. When it is low, this interrupt is disabled.
TXHE Transmitter Half Empty Enable—Whenthis bit is high, it 0 = TX HALF interrupt is disabled
Bit 1 enables an interrupt when the transmit FIFO'is less than half 1 = TX HALF interrupt is enabled
full. When it is low, the TX HALF interrupt is disabled. This bit
resets to 0.
TXAE Transmitter Available for New Data—When this bit is high, it | 0 = TX AVAIL interrupt is disabled
Bit 0 enables an interrupt if the transmitter has a slot available in the | 1 = TX AVAIL interrupt is enabled

FIFO. When it is low, this interruptis.disabled. This bit resets to
0.
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14.4.9 UART 2 Baud Control Register

The UART 2 baud control (UBAUD2) register controls the operation of the baud rate generator, the
integer prescaler, and the UCLK signal. The bit position assignments for this register are shown in the
following register display. The settings for this register are described in Table 14-11.

UBAUD2 UART 2 Baud Control Register Ox(FF)FFF912
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
UCLK BAUD
DIR SRC DIVIDE PRESCALER
TYPE rw rw w . rw w w w w w w
0 0 0 0 0 0 0 00 1 1 1 1 1 1
RESET
0x003F
Table 14-11. UART 2 Baud Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15-14
UCLKDIR UCLK Direction—This bit controls the 0 = UCLK is an input.
Bit 13 direction of the UCLK signal. When this bit | 1 = UCLK is an output.
is low, the signal is an input, and whenit is
high, it is an output. However, the SELX bit
in the Port E registers must be 0..See
Section 10.4.6, “Port E Registers,” on
page 10-21 for more information.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 12
BAUD SRC Baud Source—This bit controls the clock 0 = Baud rate generator source is from system
Bit 11 source to the baud rate generator. clock.
1 = Baud rate generator source is from UCLK pin
(UCLKDIR must be set to 0).
DIVIDE Divide—These bits control the clock fre- 000 = Divide by 1.
Bits 10-8 quency produced.by the baud rate genera- | 001 = Divide by 2.
tor. 010 = Divide by 4.
011 = Divide by 8.
100 = Divide by 16.
101 = Divide by 32.
110 = Divide by 64.
111 = Divide by 128.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 7-6
PRESCALER Prescaler—These bits control the division See description.
Bits 5-0 value of the baud generator prescaler. The
division value is determined by the follow-
ing formula:
Prescaler division value =
65 (decimal) - PRESCALER
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UART 2 Receiver Register

Programming Model

The UART 2 receiver (URX2) register indicates the status of the receiver FIFO and character data. The
FIFO status bits reflect the current status of the FIFO. At initial power up, these bits contain random data.
Before the receiver interrupts are enabled, the UEN and RXEN bitsin the USTCNT register should be set.
Reading the UART 2 receiver register initializes the FIFO status bits. Thereceiver interrupts can then be
enabled. However, the character status bits are only valid when read with'the character bitsin a 16-bit read
access. The bit position assignments for this register are shown in the following register display. The
settings for thisregister are described in Table 14-12.

URX2 UART 2 Receiver Register Ox(FF)FFF914
BIT BIT
15 14 13 12 11 10 9 7 6 5 4 3 2 1 7
FIF PARIT
o] FIFO DATA OLD | OVR | FRAME
FU | HALF | READY | DATA | UN | ERROR | BREAKT| ERrO RX DATA
LL
TYPE r r r r r r r ror o r rr r r r
0 0 0 0 0 0 0O 0 0 0 0 O O 0
RESET
0x0000
Table 14-12. UART 2 Receiver Register Description
Name Description Setting
FIFO FIFO Full (FIFO Status)—This read-only. bit indicates that the | 0 = Receiver FIFO is not full
FULL receiver FIFO is full and may generate an overrun. This bit gen- | 1 = Receiver FIFO is full
Bit 15 erates a maskable interrupt.
FIFO FIFO Half (FIFO Status)—This read-only bit indicates that the | 0 = Receiver FIFO has more than
HALF receiver FIFO has four or fewer slots remaining in the FIFO. four slots remaining
Bit 14 This bit generates a maskable interrupt. 1 = Receiver FIFO has four or fewer
slots remaining
DATA Data Ready (FIFO Status)—This read-only bit indicates thatat | 0 = No data in the receiver FIFO
READY least 1 byte is present in the receive FIFO. The character bits 1 = Data in the receiver FIFO
Bit 13 are valid only while this bit is set. This bit generates a maskable
interrupt.
oLD Old Data (FIFO Status)—This read-only bit indicates that data | 0 = FIFO is empty or the data in the
DATA in the FIFO is older than 30 bit times. It is useful in situations FIFO is < 30 bit times old
Bit 12 where the FIFO FULL or FIFO HALF interrupts are used. If 1 = Datain the FIFO is > 30 bit times
there is data in the FIFO, but the amount is below the FIFO old
HALF interrupt threshold, a maskable interrupt can be gener-
ated to alert the software that unread data is present. This bit
clears when the character bits are read.
OVRUN FIFO Overrun (Character Status)—This read-only bit indi- 0 = No FIFO overrun occurred
Bit 11 cates that.the.receiver overwrote data in the FIFO. The charac- | 1 = A FIFO overrun was detected
ter with this bit set is valid, but at least one previous character
was lost. In.normal circumstances, this bit should never be set.
It indicates the software is not keeping up with the incoming
data rate. This bit is updated and valid for each received char-
acter:
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Table 14-12. UART 2 Receiver Register Description (Continued)

forced to 0, and in 8-bit mode, all bits are active.

Name Description Setting
FRAME Frame Error (Character Status)—This read-only bit indicates | 0 =.Character has no framing error
ERROR that the current character had a framing error (missing stop bit), | 1 = Character has a framing error
Bit 10 which indicates that there may be corrupted data. This bit is
updated for each character read from the FIFO.
BREAK Break (Character Status)—This read-only bit indicates that 0 = Character is not a break
Bit 9 the current character was detected as a BREAK. The data bits character
are all 0 and the stop bit is also 0. The FRAME ERROR bit will-..| 1 = Character is a break character
always be set when this bit is set, and if odd parity is selected,
PARITY ERROR will also be set. This bit is updated and valid
with each character read from the FIFO.
PARITY Parity Error (Character Status)—This read-only bit indicates See description
ERROR that the current character was detected with a parity error,
Bit 8 which indicates that there may be corrupted data. This bit is
updated and valid with each character read from the FIFO.
While parity is disabled, this bit always reads O.
RX Rx Data (Character Data)—This read-only field is the top See description
DATA receive character in the FIFO. The bits have no.meaning if the
Bits 7-0 DATA READY bit is 0. In 7-bit mode, the most significant bit is

14.4.11 UART 2 Transmitter Register

The UART 2 transmitter (UTX2) register controls how the transmitter operates. The bit position
assignments for this register are shown in the following register display. The settings for this register are
described in Table 14-13.

UTXx2 UART 2 Transmitter Register Ox(FF)FFF916
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
B
FIFO FIFO TX SEND NO U CTS2 CTS2 TX DATA
EMPTY HALF AVAIL | BREAK | CTS2 S STAT DELTA
Y
TYPE r r r rw rw w rw rw W W W W W w w w
0 0 0 0 0 0 0 0O 0 0 0 O O o 0
RESET
0x0000
Table 14-13. UART 2 Transmitter Register Description
Name Description Setting
FIFO FIFO Empty (FIFO Status)—This read-only bit indicates that 0 = Transmitter FIFO is not empty
EMPTY the transmitter FIFO is empty. This bit generates a maskable 1 = Transmitter FIFO is empty
Bit 15 interrupt.
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Table 14-13. UART 2 Transmitter Register Description (Continued)

Name Description Setting
FIFO FIFO Half (FIFO Status)—This read-only bit indicates that the | 0 =Transmitter FIFO is more than
HALF transmitter FIFO is less than half full. This bit generates a half full
Bit 14 maskable interrupt. 1 =Transmitter FIFO is less than
half full
TX Transmit FIFO Has a Slot Available (FIFO Status)—This 0 = Transmitter does not need data
AVAIL read-only bit indicates that the transmitter FIFO has at least 1 = Transmitter needs data
Bit 13 one slot available for data. This bit generates a maskable
interrupt.
SEND Send Break (Tx Control)—This bit forces the transmitter.to 0 = Normal transmission
BREAK immediately send continuous zeros, which creates a break 1 = Send break (continuous zeros)
Bit 12 character. See Section 14.3.1.2, “CTS Signal Operation,”for a
description of how to generate a break.
NOCTS2 Ignore CTS2 (Tx Control)—When this bit is high, itforces the | 0 = Transmit only while the CTS2
Bit 11 CTS2 signal that is presented to the transmitter to always be signal is asserted
asserted, which effectively ignores the external pin. 1 = Ignore the CTS2 signal
BUSY Busy (Tx Status)—When this bit is high, it indicates that the 0 = Transmitter is not sending a
Bit 10 transmitter is busy sending a character. This bit'is asserted character
while the transmitter state machine is not idle or the FIFO has | 1 = Transmitter is sending a
data in it. character
CTS2 CTS2 Status (CTS2 Bit)—This bit indicates the current status | 0 = CTS2 signal is low
STAT of the CTS2 signal. A “snapshot” of the pin is taken immedi- 1 = CTS2 signal is high
Bit 9 ately before this bit is presented to the.data bus. While the
NOCTS2 hit is high, this bit can serve as a general-purpose
input.
CTS2 CTS2 Delta (CTS2 Bit)—When this'bit is high, itindicates that | 0 = CTS2 signal did not change
DELTA the CTS2 signal changed state and generates a maskable state since it was last cleared
Bit 8 interrupt. The current state of the CTS2 signal is available on 1 = CTS2 signal has changed state
the CTS2 STAT bit. An immediate interrupt may be generated
by setting this bit high. The CTS2 interrupt is cleared by writing
0 to this bit.
TX Tx Data (Character) (Write-Only)—This write-only field is the | See description
DATA parallel transmit-data input. In 7-bit mode, bit 7 is ignored, and
Bits 7-0 in 8-bit mode, all of the bits are used. Data is transmitted with

the least significant bit first. A new character is transmitted
when this field is written and has passed through the FIFO.
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14.4.12 UART 2 Miscellaneous Register

The UART 2 miscellaneous (UMISC2) register contains miscellaneous bitsto control test features of the
UART 2 module. Some bits, however, are only used for factory testing and should not be used. The bit
position assignments for this register are shown in the following register display. The settings for this
register are described in Table 14-14.

Freescale Semiconductor, Inc.

UMISC?2 UART 2 Miscellaneous Register Ox(FF)FFF918
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BA | ok | FOR BAU R RTS R | RD | oy | 1%
U | sp | CE | LO T D | qgg 2 ART Ipa| A |Po|PO
TES c PER oP RES T co.f"s2 | oy | Lo L L
T R ET NT OoP
TYPE w w rw w w w w w rw rw w rw
0 0 0 0 0 0 0 o0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 14-14. UART 2 Miscellaneous Register Description
Name Description Setting
BAUD Baud Rate Generator Testing—This bit puts.the baud rate 0 = Normal mode.
TEST generator in test mode. The integer and non-integer prescal- 1 = Test mode.
Bit 15 ers, as well as the divider, are broken into 4-bit nibbles for test-
ing. This bit should remain 0 for normal operation.
CLKSRC | Clock Source—This bit selects the source of the 1x bit clock 0 = Bit clock is generated by the
Bit 14 for transmission and reception. When this bit is high, the bit baud rate generator.
clock is derived directly from the UCLK pin (it must be config- 1 = Bit clock is supplied by the
ured as an input). When it is low (normal), the bit clock is sup- UCLK pin.
plied by the baud rate generator. This bit allows high-speed
synchronous applications, in which a clock is provided by the
external system.
FORCE Force Parity Error—When this bit is high, it forces the trans- 0 = Generate normal parity.
PERR mitter to generate parity errors, if parity is enabled. This bit is 1 = Generate inverted parity (error).
Bit 13 for system debugging.
LOOP Loopback—This bit controls loopback for system testing pur- 0 = Normal receiver operation.
Bit 12 poses. When this bit is high, the receiver input is internally con- | 1 = Internally connects the
nected to the transmitter and ignores the RXD2 pin. The TXD2 transmitter output to the
pin is unaffected by this bit. receiver input.
BAUD Baud Rate Generator Reset—This bit resets the baud rate 0 = Normal operation.
RESET generator counters. 1 = Reset baud counters.
Bit 11
IRTEST Infrared Testing—This bit connects the output of the IrDA cir- | 0 = Normal operation.
Bit 10 cuitry to the TXD2 pin. This provides test visibility to the IrDA 1 = IrDA test mode.
module.
Reserved | Reserved These bits are reserved and should
Bits 9-8 be set to 0.
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Table 14-14. UART 2 Miscellaneous Register Description (Continued)

Name Description Setting

RTS2 RTS2 Control—This bit selects the function of the RTS2 pin. 0 =.RTS2 pin is controlled by the

CONT RTS2 bit.

Bit 7 1 =RTS2 pin is controlled by the
receiver FIFO. When no more
than four slots are available,
RTS2 is negated.

RTS2 Request to Send Pin—This bit controls the RTS2 pin when 0=RTS2 pinis 1.

Bit 6 the RTS2 CONT bit is 0. 1 =RTS2 pinis 0.

IRDAEN Infrared Enable—This bit enables the IrDA interface. 0 = Normal NRZ operation.

Bit 5 1 = IrDA operation.

IRDA Loop Infrared—This bit controls the loopback from the trans- 0 = No infrared loop.

LOOP mitter to the receiver in the IrDA interface. This bit is‘used for 1 = Connect the infrared transmitter

Bit 4 system testing purposes. to an infrared receiver.

RXPOL Receive Polarity—This bit controls the polarity of the received | 0 = Normal polarity (1 = idle).

Bit 3 data. 1 = Inverted polarity (0 = idle).

TXPOL Transmit Polarity—This bit controls the polarity of the trans- 0 = Normal polarity (1 = idle).

Bit 2 mitted data. 1 = Inverted polarity (0 = idle).

Reserved | Reserved These bits are reserved and should

Bits 1-0 be set to 0.
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14.4.13 UART 2 Non-Integer Prescaler Register

The UART 2 non-integer prescaler register (NIPR2) contains the control bits for the non-integer prescaler.
The bit position assignments for this register are shown in the following register display. The settings for
this register are described in Table 14-15.

NIPR2 UART 2 Non-Integer Prescaler Register Ox(FF)FFF91A
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
PRE
SEL SELECT STEP VALUE
TYPE rw rw rw rw rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 14-15. UART 2 Non-Integer Prescaler Register Description
Name Description Setting
PRESEL Prescaler Selection—This bit selects the 0 = Divider source is from the integer prescaler.
Bit 15 input to the baud rate generator divider. 1 = Divider source is from the non-integer prescaler.
Refer to Figure 14-4 on page 14-7 for infor-
mation about selecting the prescaler.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 14-11
SELECT Tap Selection—This field selects a tapfrom | 000 = Divide range is 2 to 3 127/128 in 1/128 steps.
Bits 10-8 the non-integer divider. 001 = Divide range is 4 to 7 63/64 in 1/64 steps.
010 = Divide range is 8 to 15 31/32 in 1/32 steps.
011 = Divide range is 16 to 31 15/16 in 1/16 steps.
100 = Divide range is 32 to 63 7/8 in 1/8 steps.
101 = Divide range is 64 to 127 3/4 in 1/4 steps.
110 = Divide range is 128 to 255 1/2 in 1/2 steps.
111 = Disable the non-integer prescaler.
STEP Step Value—This field selects the non-inte- | 0000 0000. Step = 0.
VALUE ger prescaler’s step value: 0000 0001. Step = 1.
Bits 7-0 .
1111 1110. Step = 254.
1111 1111. Step = 255.
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14.4.14 FIFO Level Marker Interrupt Register

The UART FIFO level marker register configuresthe level at which either the RxFIFO or the TxFIFO
reports a half-full condition. The bit position assignments for this register are shown in the following
register display. The settings for this register are described in Table 14-16.

HMARK FIFO Level Marker Interrupt Register Ox(FF)FFF91C
BIT 15 14 13 12 11 10 9 8 7 ®©6+¢5 4 3 2 1 BITO
| | TXFIFO LEVEL MARKER | | RXFIFO LEVEL MARKER |
TYPE w w rw w rw rw w w
0 0 0 0 0 0 1 0 .0 0 0 0 0 1 0
RESET
0x0102
Table 14-16. FIFO Level Marker Interrupt Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 15-12 be set to 0.
TXFIFO TXFIFO Level Marker—This field defines the:level at which See Table 14-17 on page 14-30 for
LEVEL the TXFIFO marker is set. When the TXFIFO status matches settings.
MARKER the level marker selected here, the TxFIFO-half status bit is set
Bits 11-8 and the TXFIFO HALF interrupt is generated if it is enabled.
Reserved Reserved These bits are reserved and should
Bits 7-4 be set to 0.
RXFIFO RxFIFO Level Marker—This field defines the level at which See Table 14-17 on page 14-30 for
LEVEL the RxFIFO marker is set. When the. RxFIFO status matches settings.
MARKER | the level marker selected here, the RXFIFO half status bit is
Bits 3-0 set and the RXFIFO HALF interrupt is generated if it is
enabled.

@ MOTOROLA

Universal Asynchronous Receiver/Transmitter 1 and 2 14-29

For More Information On This Product,

Go to: www.freescale.com



Programming Model

14-30

Freescale Semiconductor, Inc.

Table 14-17. FIFO Level Marker Settings

Tx FIFO Number
Level of Slots

Marker Empty
0000 Disable
0001 >=4
0010 >=8
0011 >=12
0100 >=16
0101 >=20
0110 >=24
0111 >=28
1000 >= 32
1001 >= 36
1010 >=40
1011 >=44
1100 >= 48
1101 >=52
1110 >= 56
1111 >= 60

Rx FIFO Number
Level of Bytes
Marker Received
0000 Disable
0001 >=4
0010 >=8
0011 >=12
0100 >=16
0101 >=20
0110 >=24
0111 >=28
1000 >= 32
1001 >= 36
1010 >=40
1011 >=44
1100 >= 48
1101 >=52
1110 >= 56
1111 >= 60
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Chapter 15
Pulse-Width Modulator 1 and 2

This chapter describesthe DragonBall VZ's two pulse-width madulators (PWMs). Each of the pulse-width
modulators has three modes of operation—playback, tone, and digital-to-analog (D/A) conversion. Using
these modes, the PWM can be used to play back high-quality digital sounds, produce simple tones, or
convert digital data into analog waveforms.

15.1 Introduction to PWM Operation

PWM 1 uses 8-bit resolution, which is compatible with the MC68EZ328 (DragonBall EZ). PWM 2 uses
16-bit resolution, which is compatible with the MC68328 (the original DragonBall). The output PWMOL1
is generated by logically combining the output of both PWMs. The output is available at the PWMO1
external pin. The PWMO2 output is generated solely by PWM 2 and is brought to the PWMO2 external
pin. See Figure 15-1.

Data
_: PWM 1 (8-bit)
Logical
9 —» PWMO1
Operation
B> oM 2 (16+bit)
- P pwMO2

Figure 15-1.. PWM 1 and PWM 2 System Configuration Diagram

The operation of the logical block combining the output of PWM 1 and PWM 2 is controlled by
programming the P[1:0] bits in the peripheral control register. See Section 5.2.2, “Peripheral Control
Register,” on page 5-4 for details about the settings of these bits.
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15.1.1 PWM Clock Signals

Figure 15-2 shows asimplified block diagram of PWM 1. The prescaler and divider generate the PCLK
signal from one of two clock signals—SYSCLK (the default) or CLK32. Selection of the source clock
used by the pulse width modulator is made by the clock source (CLKSRC) bit in the PWM 1 control
register.

The CLKSEL (clock selection) field in the PWMCL1 selects the frequency of the output of the divider
chain. The incoming clock source is divided by a binary value between 2 and 16.

For 16 kHz audio applications, CLKSEL is equal to %01, divide-by 4. For DC-level applications,
CLKSEL is equal to %11, divide by 16. In both cases, the following assumptions apply:

e SYSCLK =16.58 MHz
e Prescaler=0
* Period = default value

The 7-bit prescaler may be adjusted to achieve lower sampling rates by programming the prescaler field in
the PWM 1 control register with any number between 0-and 127, which scales down the incoming clock
source by a factor from 1 to 128, respectively.

15.2 PWM1

PWM 1 is an 8-bit PWM module that is optimized to generate high-quality sound from stored sample
audio files. It can also generate simple or complex tones. It uses 8-bit resolution and a 5-byte FIFO to
generate sound. Figure 15-2 illustrates the-block diagram of the pulse-width modulator unit 1.

SYSCLK CLK32 MPU Interface
CLKSRC 5-Byte FIFO
PCLK
Sample Compare -
Output 3
& Control PWMO
Divider Prescaler Counter —
Period
Figure 15-2. PWM 1 Block Diagram
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15.3 PWM Operation

The pulse-width modulator has three modes of operation—playback, tone, and D/A.

15.3.1 Playback Mode

In playback mode, the pulse-width modulator uses the data from a sound file to output the resulting audio
through an external speaker. Although the PWM can reproduce the contents of a sound file, it is necessary
to use a sampling frequency that is equal to or an even multiple of the one used to originally record the
sound for the best quality reproduction.

PWM 1 produces variable-width pulses at a constant frequency: The width of the pulse is proportional to
the analog voltage of a particular audio sample. At the beginning of a sample period cycle, the PWMO pin
is set to 1 and the counter begins counting up from 0x00. The sample value is compared on each count of
the prescaler clock. When the sample and count values/match, the PWMO signal is cleared to 0. The
counter continues counting, and when it overflows from OxFF to 0x00, another sample period cycle begins.
The prescaler clock (PCLK) runs 256 times faster than'the sampling rate when the PERIOD field of the
PWMP register is at its maximum value; for 16 kHz sampling, PCLK is 4.096 MHz. For
human-voice-quality sound, the sampling frequency is either 8 kHz or 16 kHz.

Figure 15-3 illustrates how variable-width pulses affect an audio waveform.

Pulse-Width Modulation Stream | | | | I || || | | | || | | | |

Filtered Audio /\/

Figure 15-3. “Audio Waveform Generation

Digital sample values can be loaded into the pulse-width modulator either as packed 2-sample 16-bit words
(big endian format) or as individual 8-bit bytes. A 5-byte FIFO minimizes interrupt overhead. A maskable
interrupt is generated when there are 1 or 0 bytes in the FIFO, in which case the software can write either
four 1-byte samples or two 2-sample.words into the FIFO. When a 16 kHz sampling frequency is being
used to play back 8 kHz sampled‘data while writing 4 bytes at each interrupt, interrupts occur every
500us.

15.3.1.1 Tone Mode

In tone mode, the pulse-width modulator generates a continuous tone at a single frequency when the PWM
registers are programmed.-The lowest frequency that can be generated is 0.25 Hz.

15.3.1.2 D/A Mode

The pulse-width modulator can output a frequency with a different pulse width if a low-pass filter is added
at the PWMO signal. It.can be used to produce a different DC level when programmed using the sample
fields in the PWMS1.register. When used in this manner, it becomes a D/A converter.
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15.4 Programming Model

This section contains programming information about both PWM 1 and PWM 2.

15.4.1 PWM 1 Control Register

This register controls the operation of the pulse-width modulator, and it also contains the status of the
PWM 1 FIFO. The register bit assignments are shown in the following register display. The register
settings are described in Table 15-1.

Freescale Semiconductor, Inc.

PWMC1 PWM 1 Control Register Ox(FF)FFF500
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
‘ CLKSRC ‘ PRESCALER ‘ IRQ ‘ IRQEN ‘ FIFOAV ‘ EN ‘ REPEAT ‘ CLKSEL ‘
TYPE rw w - rw rw  rw rwrwrw w rw rw w w w w w
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
RESET
0x0020
Table 15-1. PWM 1 Control Register Description
Name Description Setting
CLKSRC Clock Source—This bit is used to select the 0 = SYSCLK source is selected (default).
Bit 15 clock source to the pulse-width modulator. 1 = CLK32 is selected.
Note: 32.768 kHz clock source is selected
when using a 32.768 kHz crystal. If a 38.4 kHz
crystal is used, 38.4 kHz is selected.
PRESCALER Prescaler—This field is used.to'scale down Any value between 0 and 127.
Bits 14-8 the incoming clock to divide-by-the
prescaler + 1. The prescaler is normally used
to generate a low single-tone PWMO signal.
For voice modulation, these bits are set to 0
(divide by 1). The default value is 0.
IRQ Interrupt Request—This bit indicates that the | 0 = The FIFO is not empty.
Bit 7 FIFO has one or no bytes remaining, which 1 = The FIFO has one or no sample bytes
can be a signal of the need to fill the FIFO by remaining.
writing no more than two 16-bit words into the
PWMS register. This bit automatically clears
itself after this register is read, thus eliminating
an extra write cycle in the interrupt service rou-
tine. If the IRQEN bit is 0, this bit can be polled
to indicate the status of the period comparator.
This bit can be set to immediately post a PWM
interrupt.for debugging purposes.
IRQEN Interrupt Request Enable—This bit controls 0 = The PWM interrupt is disabled (default).
Bit 6 the pulse-width modulator interrupt. While this | 1 = The PWM interrupt is enabled.
bit is low, the interrupt is disabled.
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Table 15-1. PWM 1 Control Register Description (Continued)

Name Description Setting
FIFOAV FIFO Available—This bit indicates that the 0 = FIFO not available.
Bit 5 FIFO is available for at least 1 byte of sample 1 = FIFO available (default).
data. Data bytes can be loaded into the FIFO
as long as this bit is set. If the FIFO is loaded
while this bit is cleared, the write will be
ignored.
EN Enable—This bit enables or disables the 0 = Disabled*
Bit 4 pulse-width modulator. If this bit is not enabled, | 1 = Enabled**
writing to other pulse-width modulator registers
is ignored.
REPEAT Sample Repeats—These write-only bits select | /00'= No samples are repeated (play sample
Bits 3—-2 the number of times each sample is repeated. once). This is the default.
The repeat feature reduces the interrupt over- '| 01 = Repeat one time (play sample twice).
head, thus reducing CPU loading when audio 10 = Repeat three times (play sample four
data is played back at a higher rate, and allows times).
the use of a lower cost low-pass filter. For 11 = Repeat seven times (play sample eight
example, if the audio data is sampled at 8 kHz times).
and the data is played back at 8 kHz again, an
8 kHz humming noise (carrier) is generated
during playback. To filter this carrier, a
high-quality low-pass filter is required:-For a
higher playback rate, it is possible to recon-
struct samples at 16 kHz by using the:sample
twice. This method shifts the carrier from an
audible 8 kHz to a less sensitive 16 kHz fre-
qguency range, thus providing better
sound-quality output.
CLKSEL Clock Selection—This field selects the output | 00 = Divide by 2. Provides an approximate
Bits 1-0 of the divider chain. The approximate sampling 32 kHz sampling rate (default).
rates are calculated using a'16.58 MHz clock 01 = Divide by 4. Provides an approximate
source (PRESCALER =0.and 16 kHz sampling rate.
PERIOD = default). 10 = Divide by 8. Provides an approximate
8 kHz sampling rate.
11 = Divide by 16. Provides an approximate
4 kHz sampling rate.
Note:

*When the pulse-width modulator.is disabled, it is in low-power mode, the output pin is forced to 0, and the following

events occur:

e The clock prescaler is'reset and frozen.
* The counter is reset and frozen.
* The FIFO is flushed.

*When the pulse-width modulator is enabled, it begins a new period, and the following events occur:
» The output pin is‘set to start a new period.

» The prescaler and counter are released and begin counting.
e The IRQ bit is set, thus indicating that the FIFO is empty.
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15.4.2 PWM 1 Sample Register

This register serves as the input to the FIFO. When successive audio sample values are written to this
register, they are automatically loaded into the FIFO in big-endian format. |f/16-bit words are loaded, high
byteisfirst placed into the 8-bit FIFO, and then low byte. When individual sample bytes are being written,
they must be written to the low byte (SAMPLEL) only. The pulse-width modulator will revert to free
running at the duty-cycle setting that was set last until the FIFO is rel oaded or the pulse-width modulator is
disabled. If the value in this register is higher than the PERIOD + 1, the output will never be reset, which
results in a 100-percent duty cycle. The register bit assignments are shown in the following register
display. The register settings are described in Table 15-2.

PWMS1 PWM 1 Sample Register Ox(FF)FFF502
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| SAMPLEO | SAMPLE1
TYPE rw rw w rw w rw rw w rw w rw rw w rw rw
X X X X X X X X X X X X X X X
RESET
OXXXXX
Table 15-2. PWM 1 Sample Register Description
Name Description Setting
SAMPLEO Sample 0—This field represents the high byte of a two-sample word. This byte is pre- None
Bits 15-8 sented to the pulse-width modulator before the SAMPLEL field.
SAMPLEL1 Sample 1—This field represents the-low byte of a two-sample word. This byte will be None
Bits 7-0 presented to the pulse-width modulator after the SAMPLEDO field. When used with single
8-bit samples, data must be written to this byte.
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15.4.3 PWM 1 Period Register

Thisregister controls the pulse-width modulator period. When the counter value matches PERIOD + 1, the
counter isreset to start another period. Therefore, the following equation applies:

PWMO (Hz) = PCLK (Hz) / (PERIOD + 2) Eqgn. 15-1
Writing OXFF to this register achieves the same result as writing OXFE.

Theregister bit assignments are shown in the following register display. The register settings are described
in Table 15-3.

PWMP1 PWM 1 Period Register Ox(FF)FFF504
BIT7 6 5 4 3 2 1 BITO
‘ PERIOD ‘
TYPE rw w w rw w rw rw w
1 1 1 1 1 1 1 0
RESET
OXFE

Table 15-3. PWM 1 Period Register Description

Name Description Setting
PERIOD Period—This field represents the pulse-width modulator’s period control value. | None
Bits 7-0

15.4.4 PWM 1 Counter Register

This register contains the current count value and can be read at any time without disturbing the counter.
Theregister bit assignments are shown in thefollowing register display. The register settings are described
in Table 15-4.

PWMCNTL1 PWM 1 Counter Register Ox(FF)FFF505
BIT 7 6 5 4 3 2 1 BITO
‘ COUNT ‘
TYPE r r r r r r
0 0 0 0 0 0 0 0
RESET
0x00

Table 15-4. PWM 1 Counter Register Description

Name Description Setting
COUNT Count—This field represents the value of the current count. None
Bits 7-0
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15.5 PWM 2

PWM 2 isa16-bit PWM module that is compatible with the one used in the original DragonBall processor,
MC68328. Besides the difference in the PWM code size (8-hit versus 16-bit), the major difference between
PWM 2 and PWM Llisthat PWM 2 does not have adata FIFO. Figure 15-4 illustrates the block diagram of
the pulse-width modulator unit 2.

SYSCLK

Width Compare

|

! Prescaler

Output

Counter

Control

—» PWMO

Period Compare

Figure 15-4. PWM 2 Block Diagram

15.5.1 PWM 2 Control Register

Thisregister controls how the overall pulse-width modulator operates. Output pin status is also maintained
in this register. The register bit assignments are shown.in the following register display. The register
settings are described in Table 15-5.

PWMC2 PWM 2 Control Register Ox(FF)FFF510
BIT 15 14 13 12 9 8 7 6 5 4 3 2 1 °F
‘ PWMIRQ ‘ IRQEN ‘ ‘ LOAD ‘ PIN ‘ ‘ POL ‘ PWMEN ‘ ‘ CLKSEL
TYPE w rw rw rw rw rw rw w rw
0 0 o0 0 0 0 0 0 0 0 o 0 0
RESET
0x0000
Table 15-5.» PWM 2 Control Register Description
Name Description Setting

PWMIRQ PWM Interrupt—This bit indicates that a period compare posted | 0 = No PWM period rollover.
Bit 15 an interrupt. This bit may also be set to immediately post a PWM | 1 = PWM period rolled over.

interrupt for‘debugging purposes. This bit is cleared after it is

read while set. If the IRQEN bit is 0, this bit can be polled for the

period comparator status.
IRQEN Interrupt Enable—This bit enables the PWM interrupt. 0 = Disable PWM interrupt.
Bit 14 1 = Enable PWM interrupt.
Reserved Reserved These bits are reserved and
Bits 13-9 should be set to 0.
LOAD Load New Setting—This bit forces a new period value and width | See description.
Bit 8 data to the registers. It automatically clears itself after the loading

operation has been performed.

15-8 MC68VZ328 User's Manual @ MOTOROLA

For More Information On This Product,

Go to: www.freescale.com




Freescale Semiconductor, Inc. PWM 2

Table 15-5. PWM 2 Control Register Description (Continued)

Name Description Setting
PIN Pin Status Indicator—This bit indicates the current status of the...| ‘0 = PWM output is high.
Bit 7 PWM. 1 =PWM output is low.
Reserved Reserved This bit is reserved and
Bit 6 should be set to 0.
POL Output Polarity—This bit controls the PWM output polarity. 0 = Normal polarity.
Bit 5 1 = Inverted polarity.
PWMEN PWM Enable—This bit enables PWM 2. 0 = PWM 2 disabled.
Bit 4 1=PWM 2 enabled.
Reserved Reserved This bit is reserved and
Bit 3 should be set to 0.
CLKSEL Clock Selection—These bits select the output-of the divider 000 = Divide by 4.
Bits 2-0 chain. 001 = Divide by 8.

010 = Divide by 16.
011 = Divide by 32.
100 = Divide by 64.
101 = Divide by 128.
110 = Divide by 256.
111 = Divide by 512.

15.5.2 PWM 2 Period Register

This register controls the period of PWM 2. When the counter value matches the value, an interrupt is
generated and the counter is reset to start another period. The register bit assignments are shown in the
following register display. The register settings are described in Table 15-6.

PWMP2 PWM 2 Period Register Ox(FF)FFF512
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PERIOD |
TYPE rw rw w rw w rw rw w rw w rw rw w rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 15-6. PWM 2 Period Register Description
Name Description Setting
PERIOD Period—This field represents the pulse-width modulator’s period control value. | None
Bits 15-0
NOTE:
There is an special case: when the register is set to $00, the output will
never go high. The pulse signal duty cycle will be O percent.
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15.5.3 PWM 2 Pulse Width Register

This register controls the pulse width of PWM 2. The register bit assignments are shown in the following
register display. The register settings are described in Table 15-7.

PWMW?2 PWM 2 Pulse Width Control Register Ox(FF)FFF514
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ WIDTH ‘
TYPE w w rw rw rw w rw rw rw w w w w rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 15-7. PWM 2 Pulse Width Control"Register Description

Name Description Setting
WIDTH Width—When the counter matches the value in this register, the output is None
Bits 15-0 reset.
NOTE:

If PWMW?2 is greater than the period register PWMP2, the output will
never be reset. The resulting duty cycleis 100 percent.

15.5.4 PWM 2 Counter Register

This register indicates the current counter value for PWM 2. The register bit assignments are shown in the
following register display. The register settings are described in Table 15-8.

PWMCNT2 PWM 2 Counter Register Ox(FF)FFF516
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
‘ COUNT |
TYPE w rw rw w w w rw rw rw rw w w w w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 15-8. PWM 2 Counter Register Description

Name Description Setting
COUNT Count—Indicates the current counter value. None
Bits 15-0
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Chapter 16
In-Circuit Emulation

This chapter describes the in-circuit emulation (ICE) module of theMC68V 2328 and provides detailed
information about its operation and registers. The ICE module is designed to support low-cost emulator
designs using the MC68V 2328 microprocessor. Using four interface signalsthat are extended to external
pins, the ICE modul e has access to the 68000 CPU resources, with minimal restrictions. The features of the
in-circuit emulation module are as follows:

« Dedicated chip-select for emulator debug monitor (using the EM&ig )
» Dedicated level 7 interrupt for in-circuit emulation

* One address signal comparator and one control signal comparator with masking to support single
or multiple hardware execution and bus breakpoints

« One breakpoint instruction insertion unit

Figure 16-1 illustrates the block diagram of the-in-circuit emulation module.

Internal CPU Bus

Control

' ) € P External D[15:0]
Breakpaint
< 7 > Insertion -t
Unit
3 =) Koo -€ » EMUBRK
=] o, A S Breakpoint BBIRG
[a) i p—
< > Detection BRKIRQ
/oy Emulator » EMUCS
Signal
' S
Decoder » PD
R o Interrupt IRQ7 Interrupt
Controller Gate < EMUIRQ
Module
Figure 16-1. In-Circuit Emulation Module Block Diagram
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16.1 ICE Operation

Thein-circuit emulation modul€'s operation consists of the following tasks:
e Entering emulation mode
« Detecting breakpoints
e Using the signal decoder
e Using the interrupt gate module
e Using the A-line insertion unit

16.1.1 Entering Emulation Mode

The in-circuit emulation module latches the state of the EMUsRQal on the rising edge of the RESET
signal. To put the MC68VZ328 in emulation mode, the EMUKRghal must be driven low (externally)
during system reset. After system reset, EMUIBR®@omes a.falling edge trigger signal, which generates a
level 7 interrupt when active. For emulation mode, the CSigfal is not asserted for reset fetch, since it
is in normal operation mode. The in-circuit emulation module internally generates a reset vector to the
processor on reset vector fetch cycles.

This hard-coded reset vector is PC = OxFFFC0020 and SSP = OxFFFCFFFC, which means that the
monitor or boot code must start at 0OxXFFFC0020.- The EMEI@%l is designed to cover system memory
space from OxFFFC0000 to OxFFFCFFFF, and itis an 8-bit data bus width chip-select signal. If EMUIRQ
is logic high during system reset, the in-circuit.emulation module is disabled and the MC68VZ328 begins
another operation mode.

16.1.2 Detecting Breakpoints

The execution breakpoint detector has‘one 32-bit address comparator and one control signal comparator.
When the in-circuit emulation module is configured to operate in single breakpoint mode, in which
EMUBRK is an output, the generation of the EMUBRIi§nal is internally qualified by the ASignal. The

active time for this signal will vary, depending on the setting and width (wait state) of the bus cycle. The
EMUBRK signal is asserted throughout the address matched cycle. When the in-circuit emulation module
is in multiple breakpoint mode, EMUBRIK an input that is asserted by the external address comparator.
The external address comparator will compare the lower address while the internal comparator, with
masking, compares the hidden address signals. The EMUBJRHEI, together with the internal compare
result, generates the match signal to the breakpoint insertion unit.

Since the processor does not have built-in emulation support, the execution breakpoint is implemented
external to the core and will. use the A-line instruction and level 7 interrupt. To accurately catch the
execution breakpoint, the in-circuit emulation module inserts the 0OXxA0000 opcode at the location where a
breakpoint is set. For more,information regarding the insertion mechanism, refer to Section 16.1.5, “Using
the A-Line Insertion Unit.” When the 0xA000 opcode is being executed, which means the breakpoint is
reached, an exception.vector fetch for an A-line exception will occur. At this point, EMUB&d&erted

to stop the process and switch control to the emulation monitor (selected by the Eigldalp

An exception vector.fetch for an A-line exception consists of two consecutive word reads at addresses
0x28 and 0x2A. The A-line exception vector fetch will cause an IR€3@rtion if a breakpoint is activated
in emulation mode. However, normal memory reads to these two words will not cause aaste@ion.
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16.1.2.1 Execution Breakpoints vs. Bus Breakpoints

An execution breakpoint is a breakpoint at which the current program execution stops and gives control to
the monitor. To set up a single execution breakpoint, initialize the compare and. mask registers; set the SB,
PBEN, and CEN bitsin the in-circuit emulation module control register (ICEMCR); and then clear the
BBIEN and HMDI S bitsin the same register. For multiple execution breakpoint mode, clear the SB bit. A
bus breakpoint is a breakpoint at which the current program execution stops when there is amemory write
or read at a defined address location. To enter single bus breakpoint mode, set the SB, BBIEN, and CEN
bits, and then clear the PBEN and HMDI S bits. For multiple bus breakpoint mode, clear the SB bit.

16.1.3 Using the Signal Decoder

The emulator requires alocal resident debug monitor to be mapped at a specific location that is transparent

to the user. This monitor residesin the dedicated memory space OxFFFC0000—0xFFFCFFFF (64K), which

is selected by the EMUCSgnal with internal DTACKgeneration. In emulation mode, the respected

memory map is reserved for the emulator, and memory should not be assigned to this area. The port size of
this monitor is 8-bit and the data bus is D[15:8].

The P/Dsignal indicates the characteristics of the current cycle. A 0 indicates a data access cycle
(FC[2:0] = x01), and a 1 indicates a program access (FC[2:0] = x10). The emulator uses this signal to
disassemble assembly code during trace.

16.1.4 Using the Interrupt Gate-Module

There are three level 7 interrupt sources: two are internal and one is external. An internal level 7 interrupt
is generated, if it is enabled, when a program. or bus breakpoint is hit. An external level 7 interrupt is
directly connected to the EMUIRQIn, which is a falling edge trigger signal. The level 7 interrupt vector

is hard coded to OxFFFCO0010 if the HMDIS bit in the ICEMCR register is clear. If HMDIS is set, refer to
Chapter 9, “Interrupt Controller,” for information about generating a level 7 interrupt vector number.

When there is a level 7 interrupt, the software needs to check the in-circuit emulation module status
register (ICEMSR) to determine the source of the interrupt. Each of these interrupts can be cleared by
writing a 1 to the associated status/bit. If the in-circuit emulation module is disabled, the ENIWIRQ

the only source for level 7 interrupts.

16.1.5 Using the A-Line Insertion Unit

The A-line insertion unit will physically replace the data bus contents with 0XA0OO in an instruction fetch
cycle when the address of this'bus cycle matches the breakpoint address. When an A-line insertion occurs,
the in-circuit emulation module will wait for an A-line exception to occur. If an A-line exception occurs, a
level 7 interrupt is generated to the signal that a program breakpoint hits.
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16.2 Programming Model

This section contains information about the | CE registers and programming information about their
settings.

16.2.1 In-Circuit Emulation Module Address Compare and
Mask Registers

The in-circuit emulation modul e address compare register (ICEMACR) is used to store the address of the

breakpoint, and the in-circuit emulation modul e address mask register (ICEMAMR) is used to mask the
corresponding address bit in the ICEMACR. The in-circuit emulation module’s address comparator will
compare the address bus value together with the control busvalue to generate the EsipBRIA

range can be set by using the address mask bits to break'in'a range of memory so that the external address
comparator can take action if extra hardware breakpoints-are needed. The register bit assignments are
shown in the following register displays, and the settings of the bit assignments for both registers are
described in Table 16-1 on page 16-5.

16-4 MC68VZ328 User's Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Programming Model

ICEMACR ICE Module Address Compare Register  Ox(FF)FFFFFDOO
0 30 290 28 27 26 25 24 23 22 21 20 19 18 17 o
AC3 AC AC2 AC2 AC2 AC2 | AC | AC | AC | AC | AC | AC | AC | AC | AC AC16
1 30 9 8 7 6 25 24 23 22 21 20 19 18 17
TYPE rw rw w rw rw rw w rw rw rw w w w rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0
BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
AC1 AC AC1 AC1 AC1 AC1 AC | AC | AC+| AC | AC | AC | AC | AC | AC ACO
5 14 3 2 1 0 9 8 7 6 5 4 3 2 1
TYPE rw rw w rw rw rw w rw rw rw w w rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0
ICEMAMR ICE Module Address Mask Register Ox(FF)FFFFFDO4
° 30 20 28 27 2 2524 23 2 21 20 19 18 17 o
A A A A A A A A A
A':\LAS élé)/l A'gZ A'\8/|2 A'\7A2 Alg/IZ M2 M2 | M2 | M2 | M2 | M2 | M1 | M1 | M1 A'gll
5 4 3 2 1 0 9 8 7
TYPE rw w w rw rw w rw w w w w w rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
AM1 AM AM1 AM1 AM1 AM1 A A A A A A A A A AMO
5 14 3 2 1 0 M9 | M8 | M7 | M6 | M5 | M4 | M3 | M2 | M1
TYPE rw w rw rw w w rw w w w w w rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 16-1. ICE Module Address Compare and Mask Registers Description
Name Description Setting
ACx Address Compare 31-0 —These bits represent the value of the See description.
Bits 31-0 execution/bus.breakpoint address. A match of address bits 31-0
with qualification of AS will generate a match signal.
AMx Address Mask 31-0 —These bits mask the corresponding bits in | 0 = The address is compared
Bits 31-0 the ACx field. With this masking scheme, a break can be made to the current address
when the.core is accessing a certain range of addresses. cycle.
1 = Forces a true comparison
(“don’t care”) on the
corresponding bit.
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16.2.2 In-Circuit Emulation Module Control Compare and
Mask Register

The in-circuit emulation module control compare (ICEMCCR) register is used.to set the breakpoint at a

specific bus cycle, and the in-circuit emulation module control mask register (ICEMCMR) is used to mask

the corresponding control bit in the ICEMCMR. In bus breakpoint mode, the control signal comparator

will compare the predefined control signals with the address compare match signal to generate the

EMUBRK signal in single breakpoint mode. In multiple breakpoint mode; EMUBRK is an input signal

and will AND with the result from the address comparator and control comparator to generate the internal

match signal. For program break mode, these two registers are “don’t:care.” The register bit assignments

for both the compare and mask registers are shown in the following register displays. The settings for the
bits are described in Table 16-2 and Table 16-3.

ICEMCCR ICE Module Control Compare 'Register Ox(FF)FFFFFDO8
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
‘ | rRw | PD |
TYPE rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 16-2. ICE Module Control.Compare Register Description
Name Description Setting
Reserved Reserved These bits are reserved and
Bits 15-2 should be set to 0.
RW Read or Write Cycle Selection—This bit is used to select the 0 = Write cycle breakpoint.

Bit 1 break at a read cycle or write cycle. When a break at a read cycle | 1 = Read cycle breakpoint.
is selected, a breakpoint at the ROM location is possible.
PD Program or Data Cycle Selection—This bit is used to select the | 0 = Data bus cycle.
Bit 0 break at a program cycle or data cycle. 1 = Instruction bus cycle.
ICEMCMR ICE Control Mask Register Ox(FF)FFFFFDOA
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
‘ | Rwm | PDM |
TYPE rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 16-3. ICE Control Mask Register Description
Name Description Setting
Reserved | Reserved These bits are reserved and should be set to 0.
Bits 15-2
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Table 16-3. ICE Control Mask Register Description (Continued)

Name Description Setting

RWM Read or Write Cycle Mask—This | 0 = Enable the comparator to compare itself against the RW bit.

Bit 1 bit masks the RW bit of the 1 = Force a true comparison (“don’t care”) on the corresponding
ICEMCCR. bit.

PDM Program or Data Cycle 0 = Enable the comparator to compare itself against the PD bit.

Bit 0 Mask—This bit masks the PD bit 1 = Force a true comparison{(“don’t care”) on the corresponding
of the ICEMCCR. bit.
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16.2.3 In-Circuit Emulation Module Control Register

The in-circuit emulation modul e control register (ICEMCR) is used to control the in-circuit emulation
module. The bit assignments for the ICE module control register are shown inthe following register
display. The settings for the bits are described in Table 16-4.

ICEMCR ICE Module Control Register Ox(FF)FFFFFDOC
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
| | SWen | | BBIEN | HMDIS | SB | PBEN | CEN |
TYPE w w rw w w w
0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0
RESET
0x0000
Table 16-4. ICE Module Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 15-7 be set to 0.
SWEN Software Enable EMU Module—In normal mode, writing to 0 = Disable breakpoint function.
Bit 6 this bit enables the breakpoint function. 1 = Enable breakpoint function.
Reserved | Reserved This bit is reserved and should be
Bit 5 setto 0.
BBIEN Bus Break Interrupt Enable—When set, this bit enables the | 0 = Disable level 7 interrupt
Bit 4 generation of a level 7 interrupt on a bus breakpoint. generation on a bus breakpoint.
1 = Enable level 7 interrupt
generation on a bus breakpoint.

HMDIS Hard-Map Disable—In emulation mode, this bit activates the | See Table 16-5 on page 16-9.
Bit 3 internal hard-map operation. When this bit is clear, some

memory locations are hard-coded to the specific values

shown in Table 16-5 on page 16-9. If this bit is set or in nor-

mal mode, memory reads to these locations refer to the exter-

nal memory.

Note: Itis important to note that when writing to these

locations, all writes are_occurring to external memory. When

the HMDIS bit is disabled, reads to these addresses are in

word or long-word sizes.
SB Single BreakPoint—This bit controls the direction of the 0 = Configure the EMUBRK signal as
Bit 2 EMUBRK signal. In multiple breakpoint mode, the external an input (multiple breakpoint

address comparator will compare the lower address bits and mode with external address

the internal comparator will compare the higher address bits compare for the lower

to generate‘a breakpoint matched signal. addresses).

1 = Configure the EMUBRK signal as
an output (single breakpoint
based on the internal address
compare register).

PBEN Program Break Enable—This bit is used to select a program | 0 = Select a bus break.
Bit 1 or bus break. 1 = Select a program break.
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Table 16-4. ICE Module Control Register Description (Continued)

mask registers be programmed before setting this bit to valid.

Name Description Setting
CEN Compare Enable—This bit is used to activate the compari- 0 = Disable the breakpoint
Bit 0 son logic. It is recommended that the address compare and

comparison logic.

1 =Enable the breakpoint

comparison logic.

@ MOTOROLA

Table 16-5. Emulation Mode Hard Coded Memory Locations

Address Hard Code
0x0 OxFFFC
0x2 OXFFFC
0x4 OxFFFC
0x6 0x0020

0x28 OxFFFC
0x2A 0x0010
(IRQ7 vector upper word) OXFFFC
(IRQ7 vector lower word) 0x0010
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16.2.4 In-Circuit Emulation Module Status Register

The in-circuit emulation modul e status register (ICEM SR) is used to determine the source of an interrupt.
The bit assignments for the ICE modul e status register are shown in the following register display. The
settings for the bits are described in Table 16-6.

ICEMSR ICE Module Status Register Ox(FF)FFFFFDOE
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
| | EMUEN | BBIRQ | BRKIRQ | EMIRQ |
TYPE rw w w rw
0 0o 0 0O 0O 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 16-6. ICE Module Status Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be
Bits 15-4 setto 0.
EMUEN Emulation Enable—This bit, when set, enables ICE 0 = Normal mode.
Bit 3 mode. 1 = ICE mode.
BBIRQ Bus Break Interrupt Detected—This bitis set when a 0 = Bus breakpoint has not occurred.
Bit 2 bus breakpoint is hit. Writing a 1 to this bit clears it. 1 = Bus breakpoint has occurred.
BRKIRQ Line Vector Fetch Detected—This bit is set when a pro- | 0 = Program breakpoint has not
Bit 1 gram breakpoint is hit. Writing a 1 to this bit clears it. occurred.
1 = Program breakpoint has occurred.
EMIRQ EMUIRQ Falling Edge Detected—This bit is set when See description.
Bit 0 the EMUIRQ pin is going from-high to low. Writing a 1 to
this bit clears it.

16.3 Typical Design Programming Example

Figure 16-2 on page 16-11 illustrates an example of atypical emulator design. It isasimple and low-cost
design that uses the MC68V 2328 as the processor to be emulated. Other functional units include the host
control to the PC or workstation via an RS-232 or a dedicated parallel interface, an optional address
comparator for extra breakpoint expansion, optional map FPGA for emulation memory remapping, a data
bus MUX for hardware breakpoint insertion, and a MC68V Z328 pin-out extension to connect to the
solder-on emulator pod. The entire MC68V Z328 bus should be buffered using level-shifting buffers when
the emulator is designedin’5 V and the processor isrunning at 3.3 V.
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Figure 16-2. Typical Emulator Design Example

16.3.1 Host Interface

The host interface can be a processor-based or state-machine-based circuit that is used to coordinate the
activities between the emulation processor and the PC host. The interface can be an RS-232 or printer
paralel I/0. Theinterface runs on the PC, and it will translate its requests to low-level commands and send
them to the emulator’s.controller if there is one.

16.3.2 Dedicated Debug Monitor Memory

When a breakpoint is matched, the CPU must report its status and grab the necessary contents, such as
internal registers, in the system. This information is then transmitted to the host control processor to be
translated before it is passed to the interface on the PC. The monitor program is located in ROM at
OxFFFC0000-0xFFFCFFFF and is enabled or disabled by the EMIgGA.
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16.3.3 Emulation Memory Mapping FPGA and Emulation
Memory

Since the memory on the target board may not be fully built or debugged, it is necessary to have some
memory that replaces the target memory for debugging at the initial stage. In.some cases, ROM codes are
downloaded to a shadowed RAM areafor debugging purposes. The map FPGA will work with those
chip-select signals to map them to the emulation memory, instead of going directly to the target board.

16.3.4 Optional Extra Hardware Breakpoint

The FPGA address comparator can be added to enhance the number of hardware breakpointsin the

emulator. As discussed in Section 16.1.2, “Detecting Breakpoints,” in multiple breakpoint mode the
external FPGA address comparator compares the lower address, the internal comparator compares the
upper hidden address line, and then a EMUHRfDal is generated to tell the in-circuit emulation module

to generate a breakpoint.

16.3.5 Optional Trace Module

A trace module may also be added to enhance the-function of the emulator. Trace captures the bus signals
of all of the cycles, so that when a stop is encountered, the interface software can report all the cycle traces
back for that breakpoint. This action is based on the timebase of the CLKO sigrsijiDand DTACK

signal to decide whether the trace capture is aprogram or data fetch.

16.4 Plug-in Emulator.Design Example

Figure 16-3 on page 16-13 displays an example of a plug-in emulator design. The design is simple and
low-cost, and it creates a very basic debugging environment.
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Figure 16-3. Plug-in Emulator Design Example

Although there is only one hardware breakpoint/in this design, all other software breakpoints can be
generated by replacing the memory content of the AQ instruction. The EMUCS s decoded by aPPAL to
generate chip-select signalsto the UART (68HC681) or ADI interface and the debug RAM or ROM or

both RAM and ROM . The emulation moduleisbuffered with 3.3V to 5.0 V buffers so that it can

communicate with the PC without causing.any: problems.

The entire emulation module only uses 29 pins, including aground signal. A very low-cost cable can be
built to ship with the software debugger package. These pins can remain on the production version of the
system board for production testing, aswell as diagnostic and failure analysis.
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16.5 Application Development Design Example

Figure 16-4 displays an example of an application development system design. This example isfor initial
start-up designs and software development that occurs after the target hardware system is completed.

Vpp 1M
1M :L
Reset R
Switch TR Q
DIS—a
cv THRy
0.47
A mc14ss < H
RESET RS-232
€
Host
EMUCS Interface
Al4 > 68HC681
—— > PAL and
|A13 o ADI Port
MC68VZ328
CPU
Vbp Deb
- ebug
Abort 10K ROM/RAM
Switch v }EMUlRQ |
DD
= CSxx On-Board
Memory
10K } RAM/ROM
D[15:0] D[15:0] | D[15:0]

Figure 16-4. Application Development System Design Example

There is one reset switch and one abort-switch. The abort switch is debounced and connected to the
EMUIRQ signal. The RESET signal is generated by the M C1455 monostable timer. The host interface port
is selected by the PAL decoding the EMUCS, A13, and A14 signals. The board also provides optiona

SRAM and ROM plug-in sockets for expansion.

16-14 MC68VZ328 User's Manual

For More Information On This Product,

Go to: www.freescale.com

@ MOTOROLA



Freescale Semiconductor, Inc.

Chapter 17
Bootstrap Mode

This chapter describes the operation and programming information of the bootstrap mode of the

MC68V Z328. The bootstrap mode is designed to alow the initidization of atarget system and the ability

to download programs or data to the target system RAM using either the UART 1 or UART 2 controller.

See Chapter 14, “Universal Asynchronous Receiver/Transmitter 1 and 2,” for information on operating
and programming the UART controllers. Once a program-is downloaded to the MC68VZ328, it can be
executed, providing a simple debugging environment:for failure analysis and a channel to update programs
stored in flash memory. The features of bootstrap mode are as follows:

» Allows system initialization and the ability to.download both programs and data to system memory
using UART 1 or UART 2

» Accepts execution commands to run programs stored in system memory
* Provides a 32-byte instruction buffer for.68000 instruction storage and execution

17.1 Bootstrap Mode Operation

In bootstrap mode, the MC68VZ328’s UART 1 and UART 2 controllers are initialized to 19,200 baud, no
parity, 8-bit character, and 1 stop bit, and then they are ready to accept bootstrap data download. The first
character received is used to instruct the MC68VZ328 whether the PLL input clock is 32.768 kHz or

38.4 kHz crystal, as well as to determine which UART port is being used for bootstrapping. The first
character can be any value and is/not part of the program or data being downloaded. Downloading the data
or program requires the user convert the code to a bootstrap format file, which is a text file that contains
bootstrap records. A DOS-executable program, STOB.EXE, can be downloaded from the DragonBall Web
site (http://www.Motorola.com/DragonBall) to convert an S-record file to a bootstrap format file.

Before a program is downloaded to system memory, the MC68VZ328’s internal registers should be set to
initialize the target system. Since internal registers are treated as a type of memory, each of them can be
initialized by issuing a bootstrap record.

The bootstrap design provides a 32-byte instruction buffer to which 68000 instructions may be
downloaded. This feature.enables the 68000 instructions to execute even if the memory systems are
disabled or the MC68VZ328 is operating in a CPU standalone system. The instruction buffer starts at
OxFFFFCO. Whether initializing internal registers, downloading a program to system RAM, or issuing a
core instruction, bootstrap mode will only accept bootstrap record transfers that are made using the UART.
The record type determines what occurs.
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17.1.1 Entering Bootstrap Mode

Bootstrap mode is one of the three operation modes (normal, emulation, and bootstrap) of the

MC68V Z2328. Of the three modes, bootstrap has the highest priority. To enter-bootstrap mode, the
EMUBRK signal must be driven low and a system reset must be performed. After reset, bootstrap reset
vectors are internally generated for reset vector fetch cycles. Figure 17-1 illustrates bootstrap mode reset
vector fetch timing. These two-long-word reset vectors are loaded to the stack pointer and program counter
of the CPU, and then the built-in bootstrap program runs and accepts data transfers.

addr 0000 X 0002 X 0004 X 0006 X o0 02 X
data filc < fifc fitft X ff00 X
EMUBRK

RESET

Figure 17-1. Bootstrap Mode Reset Timing

17.1.2 Bootstrap Record Format

Bootstrap mode data transfers will only accept bootstrap records (b-records) whose format is shown in
Table 17-1. The two major attributes of b-records are that they are in uppercase and end with a carriage
return.

Table 17-1. Bootstrap Record Format

4-Byte 1-Byte N(Count)-Byte

Address Count Data

17.1.2.1 Data B-Record Format

There are two types of b-records that use the same format. The data b-record contains data to be
transferred. The 4-byte address field indicates where the datawill be stored, and this address could be any
MC68V Z328 internal register location. The count field of the record contains the number of data bytes to
be transferred. The data field contains the data to be transferred.

17.1.2.2 Execution B-Record Format

The execution b-record tells the bootloader to run a program starting at the location specified by the
addressfield of the b-record. The count field for an execution b-record always contains 0x00, and no data
isin the datafield.

An execution b-record isused in two situations:
« After a program is downloaded to system RAM, issuing an execution b-record initiates program
execution. In.this case, the address field of the b-record will be the start address of the program.

» When loadinga 68000 instruction into the instruction buffer and filling the remainder of the unused
buffer space witmop- - $4e71, issuing an execution b-record executes the 68000 instruction that
is storedin IBUFF and returns to bootloader mode. In this case, the address field of the b-record
will be the start address of IBUFF.
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17.1.3 Setting Up the RS-232 Terminal

To set up communication between your target system and the PC, set the communication specifications to
19,200 bps, no parity, 8-bit, and 1 stop bit. It is permissible to pause after each line (b-record) istransferred
to ensure that each transferred ASCII character is echoed.

After the hardwareis set up, the system is powered up, and bootstrap modeis entered, sending any ASCI|
character to the target system will initiate the link. The bootloader automatically determines which UART
port is being used for bootstrap by sensing the receive FIFO in each UART- Thefirst UART to have datais
selected. Next, the bootloader adjusts the baud rate to match the 32.768 kHz or 38.400 kHz crystal by
reading the first received character. If the link is successful, the bootloader returns a unique character (@)
as an acknowledgement. In addition, the bootloader echoes to the target system the same ASCII character
that the target system initially transmitted.

NOTE:

The TXD2 pin of UART 2 is not enabled by default. Therefore, no
character is echoed before bit 5 (TXD2) of the Port J select register is
cleared. To re-enable the TXD2 pin in bootstrap mode, download the
following b-record: “FFFFF43B01CF.”

17.1.4 Changing the Speed of Communication

The communication baud rate may be changed after 19,200 bps is initially used to set up the RS-232
terminal. Simply issue a b-record to reinitialize the baud control register of the UART controller, which is
described in Section 14.4.2, “UART 1 Baud Control Register,” on page 14-12. For example, if the system
uses a 32.768 kHz external crystal, the baud control register is initialized to 0x0126 after 19,200 bps is set
up, assuming that the system clock is 16.58'MHz (the default). Changing the baud control register from
0x0126 to 0x0026 will switch the baud rate from 19,200 bps to 38,400 bps by issuing a b-record. After the
last character of this b-record is sent (0), the echo of this last character will be in the new speed

(38,400 bps). At this time, the host speed. must immediately be adjusted to 38,400 bps.

The baud control register is a 2-byte register, and bootstrap mode data transfers are byte-sized write cycles.
Therefore, changing both bytes of the baud control register requires two steps, and each byte change must
be issued at the standard communication speed for the host to set up new communication. For example, to
change the speed from 19,200 bps'to 115,200 bps, follow these steps:

1. Issue the b-record “FFFFF9020100” to change the baud control register from 0x0126 to
0x0026, and the new speed changes to 38,400 bps. Next, change the host speed to 38,400 bps
to synchronize with the target system.

2. Issue another b-record to change the baud control register from 0x0026 to 0x0038 of the
final 115,200 bps speed, and readjust the host speed to 115,200 bps.
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17.1.5 System Initialization Programming Example

Before download
internal registers.

ing a program to system memory, the target system may need to be initialized using the
Aninit file can be built using atext editor. Example 17-1 isan initialization file for the

MC68VZ328ADS board.

Example 17-1. System Initialization Programming-Example

*khkhkhkkkkkkkkkkk
* init.b -- In
* date: 04/20/
*

khkkhkkhkkhkkhkkkhkk*k

FFFFF1180130
FFFFFO00011C
FFFFFBOA0100
FFFFF42B0183
FFFFF40B0100
FFFFFDOD0108
FFFFFDOEO107
FFFFF100020100
FFFFF1100201A7
FFFFF102020000
FFFFF112020091
FFFFFC00028F00
FFFFFQ02029667
FFFFF106020200

LR RS EEREEEEEEEEEEEEEEEEEEEEEEEEE S

it ADSto default monitor config
98

khkkkhkkhhkhhkhhkkhhkkhkhkhhkhhhdhdhkdhkrhkkdxixx*x

emucs init

SCRinit

D sabl e W

enabl e cl ko

enabl e chip sel ect

di sabl e hardnmap

clear level 7 interrupt
CSA 2M - 4M

CSB 0 - 256K
DRAM Confi g

DRAM Cont r ol
CSDinit -- RASO 4M 6M RASL 6M 8M

FFFFF11602029D enabl e DRAM cs

FFFFF3000140

I VR

FFFFF30404007FFFFF | MR

NOTE:

The bootloader starts receiving a new b-record when a nonhexadecimal
digit is received. Therefore, comments can be made in the b-record file as
long as it contains no more than eight consecutive hexadecimal digits.

17-4
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17.1.6 Application Programming Example

The code shown in Example 17-2 can be used to calculate a CRC value. The example demonstrates how
assembly code is assembled and downloaded to system RAM.

Example 17-2. Application Programming Example

section code
START:
copy clr.l di ;dl is used to count the nunber of words copied.
clrow d2 ;d2 is used to count._the nunber of words copied.
nextwd nove.w (a0, d2), d6
nove.w d6, (al)+

add. | #2,d1 ; Count the nunber of words copi ed.

add.w  #2,d2 ; Count the nunber of words copi ed.

cnpi . w  #16, d2

bl t next wd ;until the whol e section has been copi ed.

clrow d2

cnp. | do, d1 ; Copy the next word (nextwd)

bl t next wd ;until the whol e section has been copi ed.
crc clr.l DO
| p2 add.| (A0)+, DO

cnp. |l AD, Al

bpl . b | p2

nop

rts

After assembling and linking the program in Example 17-2, generate the following s-record file.

S0030000FC
S1134000428142423C3020003206548154420C4228
S113401000106DF04242B2806DEA4280D098B3C87D
S10940206AFA4E714E75B0

S9030000FC

Run the DOS program STOB.EXE to convert the preceding s-records to bootstrap format.

0000400010428142423C30200032C6548154420C42
000040101000106DF04242B2806DEA42800098B3C3
00004020066 AFA4E714E75

Download the preceding b-record file to:the target system using the UART port in bootstrap mode. Since
this b-record file will be loaded into system RAM, initialize the system by downloading an init b-record
file.

To run the preceding program after.it is downloaded to RAM, issue an execution b-record “0000400000",
where 00004000 is the start address of the program and the last two zeros identify the record as an
execution b-record and not a data record.

To resume bootstrap mode operation after running a program, make the last instruction in the application
program g np $FFFFFF5A to start receiving a new b-record.

Any b-record may be entered in a RS-232 terminal environment, but when a key is pressed, the character
produced by the keystroke is sent to the bootloader to be assembled. Although the backspace capability is
not implemented, the-b-record can be terminated at any time by pressing the ENTER key. As long as a
program execution b-record is not issued, the MC68VZ328 will remain in bootstrap mode.
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17.1.7 Example of Instruction Buffer Usage

Example 17-3 demonstrates how to run a 68000 instruction using the instruction buffer.

Example 17-3. Using Instruction Buffers

CRG L $FFFFFFQD ; instruction buffer:location
nove. w#$55, DO ; 4-byte long instruction(30300055)
nop ; fill the rest of |BUFF
nop
nop
nop
end

After the datais assembled and converted to b-record format, it appears as in the following lines (where
FFFFFFCO is the IBUFF address location):

FFFFFFQO0C303C00554E714E714E714E71

FFFFFFCD00

The first b-record loads the instruction buffer. The second b-record tells the bootloader to run the

instruction in theinstruction buffer. When the execution iscomplete, it accepts new b-record transfers. The

CPU registers DO-D6 and A0 are used by the bootloader program. Writing to these registers may corrupt
the bootloader program.

17.2 Bootloader Flowchart

The following flowchart illustrates how the bootloader program operates inside the MC68VZ328. The
bootloader starts when the MC68VZ328 enters bootstrap mode.
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Test receive FIFO;
Initialize appropriate UART

Receive a bootstrap )
record
NO Store DATA to
L —>
ADDR
YES
YES Execute
ADDR = IBUFF? —> instruction in
IBUFF
NO

Run program starting
at ADDR

Figure 17-2. Bootloader Program Operation
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17.3 Special Notes

The following information may be useful when the MC68V Z328 is in bootstrap mode.
A b-record is a string of uppercase hex characters with optional comments that follow.

17-8

Comments in a b-record or b-record file must not contain any'word or symbol that is longer than
nine characters. However, the following characters can be used in a string of any length (all of these
have an ASCII code value that is less than 0x30):

space
! (exclamation point)

“ (quotation mark)

# (number sign)

$ (dollar sign)

% (percentage symbol)
& (ampersand)

( (opening parenthesis)
) (closing parenthesis)
* (asterisk)

+ (plus sign)

- (minus sign)

. (period)

/ (forward slash)

The bootloader program echoes all characters being received, but only those having an ASCII code
value greater than or equal to 0x30.are kept for b-record assembling. Sending a character that is not
a b-record (ASCII code value <.0x30) will force the bootloader to start a new b-record.

The D[6:0] and AO registers are.used by the bootloader program. Writing to these registers may
corrupt the bootloader program.

Visit the DragonBall Web site at http://www.Motorola.com/DragonBall for bootstrap utility
programs.
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Chapter 18
Application Guide

This chapter contains helpful information that will assist with integrating the MC68V 2328 into new or
existing designs. It includes a design checklist and instructions for.using the MC68V 2328 Application
Development System (ADS) board to get the design process started as quickly as possible.

18.1 Design Checklist

When the M C68V 2328 microprocessor is being integrated into an application, the following items can be
used as guides during the design process. These guidelines are the result of issues that frequently occurred
during debugging or in the process of operating actual.designs.

18.1.1 Determining the ChipD and Version

Each chip has different sets of numbers etched onto it, and one of these setsis the mask and revision
number for that particular chip. The mask number and the revision number are combined into one. For
example, with the number OF98S, 0 is the revision number and F98S is the mask number. This information
is necessary for obtaining the correct erratainformation for that version of the chip, ensuring more efficient
product design. Once the mask and revision numbers are known, go to the DragonBall Web site
(http://mww.M otorola.com/DragonBall) and look for any MC68V Z328 chip errata pertaining to those
numbers. If Web access is not available, contact the local Motorola sales office.

18.1.2 8-Bit Bus Width Issues

To ensure maximum flexibility, the MC68V 2328 supports both 8- and 16-bit data bus modes. Except the
chip-select group A, which carries the boot chip select signal CSA0 and is hormally connected to boot

ROM, all the chip select signals are programmable to 8-bit or 16-bit mode after reset. The data bus width

for the CSAO and CSA1 signalsis only controlled by the BUSW/DTACK/PGO signal. For a system with

16-bit data boot ROM, BUSW is pulled high or left unconnected during system reset. For an 8-bit data

boot ROM system, BUSW must be externally driven low during system reset. The BUSW statusislatched

by the rising edge of the RESET signal, and the latched BUSW statusisindicated by the BSW bit of the
chip-select A control‘register. See Section 6.3.3, “Chip-Select Registers,” on page 6-8 for more details.
Also, after reset, the BUSW/DTACURGO pin can be selected as a DTA@KPGO function, but it defaults

to the DTACKTfunction. This signal should be permanently driven low for an 8-bit system to force all bus
cycles to a zero wait state until this pin is reconfigured to the PGO function. Fortunately, the system clock
is divided by two (the PRESC bit in the PLLCR register is set) after reset, which doubles the length of each
bus cycle and provides ample access time to memories. Therefore, BUSW/ZABCKhould be

programmed to the PGO function before the system clock is configured to divide by one (the PRESC bit in
the PLLCR register is cleared).
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18.1.3 Clock and Layout Considerations

This section covers layout considerations affecting DragonBall timing issues during operation and also
during the initial power up.

Place the crystal within 0.5 inches of the MC68VZ328. The crystal and the capacitors must be as
close to the chip as possible.

If an RC reset circuit is being used, place the resistor and capacitor within 0.5 inches of the
MC68VZ328. The RESEPin is a Schmitt trigger input signal. A simple power-up RC reset circuit
can be used. Since the internal module takes time to complete the reset operation, a minimum
250 ms power-up reset pulse is required.

Use multiple power and ground planes. It is strongly recommended to use at least one ground plane,
one 3.3V \hp plane, and one 5 Va4 plane (if 5 V parts exist in the system). This helps improve

the power stability and enhance the noise immunity of the system.

18.1.4 Bus and I/O Considerations

Several of the items that are warned against in this section appear to be good design practice. However,
experience has demonstrated that not heeding the following suggestions can lead to problems.

18-2

Do not leave unused input pins floating. Unused inputs should be tied high or low, but not left
floating. Unused inputs can be tied directly t\ér Vpp or through pull-ups or pull-downs tos¥

or VDD'

Use the port pins efficiently. When port:pins are not used, they should be configured as inputs with
pull-up enabled or as an output with/pull-up disabled to reduce power consumption.

Apply internal pull-ups to dedicated function pins. Many pins are mixed with a dedicated function.
The internal pull-up or pull-down resistors apply to both the dedicated function and the general I/O
function. For instance, when using the RXD/PE4 signal and the RXD function, the associated
internal pull-up resistor can be used to pull up the RXD input signal.

Do not rely solely on the value of internal pull-up resistors. The internal resistors are nominally
1 megaohm, but their deviation.is large.

Always provide a development interface port on your design. The MC68VZ328 has bootstrap mode
and a bootstrap utility program that can be used to download programs and data to a target system
and perform simple hardware debugging functions. However, bootstrap mode only uses the RXD
and TXD signals of the/UART port, so it is recommended that a UART port be included in the
design for system debugging and flash memory updating.
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Chapter 19
Electrical Characteristics

This chapter documents electrical characteristics and provides timing information necessary to design

systems using the MC68V 2328 microprocessor. Section 19.2,“DC Electrical Characteristics,” provides
detailed information about both maximum and minimum DC characteristics of the MC68VZ328.
Section 19.3, “AC Electrical Characteristics,” consists of output delays, input setup and hold times, and
signal skew times. It also contains timing information forworking with RAM, DRAM, and other
memory-related modules and peripherals.

19.1 Maximum Ratings

Table 19-1 provides information on maximum/ratings.

Table 19-1/ /Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vpp -0.3t0 7.0 \%
Input voltage VN -0.3t0 7.0 \Y,
Maximum operating temperature range Ta T toTy °C
Oto 70
Storage temperature Test -55 to 150 °C
@ MOTOROLA Electrical Characteristics 19-1
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19.2 DC Electrical Characteristics

Table 19-2 contains both maximum and minimum DC characteristics of the MC68V Z328.

Table 19-2. Maximum and Minimum DC Characteristics

NUMb (3.0£03)V
umber or Characteristic Unit
Symbol - . .
Minimum Typical Maximum
1 Full running operating current at 33 MHz — 20 40 mA
2 Standby current! — 35 60 HA
ViH Input high voltage 0.7 Vpp — — \%
ViL Input low voltage — — 0.4 \
VoH Output high voltage (Ioy = 2.0 mA) 0.7 Vpp — — \%
VoL Output low voltage (Io = -2.5 mA) — — 0.4 \
e Input low leakage current — — +1 HA
(VN = GND, no pull-up or pull-down)
1 Input high leakage current — — +1 HA
(Vin = Vpp. no pull-up or pull-down)
loH Output high current 4.0 — — mA
(VOH =0.8 VDD’ VDD =29 V)
loL Output low current — — -4.0 mA
(VoL =0.4V,Vpp =2.9V)
loz Output leakage current — — 5 HA
(Vout = VDD output is three-stated)

1.Standby current is measured only when the real-time clock is running.

19.3 AC Electrical Characteristics

The AC characteristics consist of output delays, input setup and hold times, and signal skew times. Al
signals are specified relativeto an appropriate edge of other signals. All timing specifications are specified
at an operating frequency from 0 MHz to 33 MHz with an operating supply voltage from Voo min 0

ing.

V0D max under an operating.temperature from T to Ty. All timing is measured at 95 pF IoaclD

19.3.1 CLKO Reference to Chip-Select Signals Timing

Figure 19-1 on page 19-3 compares the chip-select signal time referenced with the CLKO signal. Note that
WS is the number of wait states in the current memory access cycle. The signal values and units of
measure for thisfigure are found in Table 19-3 on page 19-3. For detailed information about the individual
signals, see Chapter 6, “Chip-Select Logic.”
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Figure 19-1. CLKO Reference to Chip-Select.Signals Timing Diagram

Table 19-3. CLKO Reference to Chip-Select Signals Timing Parameters

Freescale Semiconductor, Gsicctrical Characteristics

SO S2
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SO
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®7

=

(3.0+0.3)V
Number Characteristic Unit
Minimum Maximum

1 CLKO high to CSx asserted — 10 ns
2 CLKO low to CSx negated — 12 ns
3 CLKO high to RASKX asserted — 10 ns
4 CLKO high to RASX negated — 12 ns
5 CLKO high to CASKx asserted — 10 ns
6 CLKO high to CASx néegated — 12 ns

19.3.2 Chip-Select Read Cycle Timing

Figure 19-2 on page 19-4 shows the read cycle timing used by chip-select. The signal values and units of
measure for thisfigure are foundin Table 19-4 on page 19-4. For detailed information about the individual
signals, see Chapter 6, “Chip-Select Logic.”
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Figure 19-2. Chip-Select’Read Cycle Timing Diagram

Table 19-4. Chip-Select Read Cycle Timing Parameters

(3.0+£0.3)V
Number Characteristic Unit
Minimum Maximum
1 Address valid to CSx asserted 20,20-T/2 — ns
(bit ECDS = 0, bit ECDS = 1)
2 UWE/LWE negated before row address valid 0 — ns
3 CSx asserted to OE asserted — 0 ns
4 Data-in valid from CSx asserted — 35+nT ns
5 External DTACK input setup from CSx asserted — 20+ nT ns
6 CSx pulse width 60 + nT, — ns
(bit ECDS:=.0, bit ECDS = 1) (60 + T/2) + nT
7 External. DTACK input hold after CSx is negated 0 — ns
8 Data-in hold after CSx is negated 0 — ns
9 OE negated after CSx is negated 0 10 ns
10 UBJ/LB asserted to CSx asserted (16-bit SRAM) 10 — ns
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Table 19-4. Chip-Select Read Cycle Timing Parameters (Continued)

(3.0+£0.3)V
Number Characteristic Unit
Minimum Maximum

11 CSx negated to UB/LB negated (16-bit SRAM) 10 — ns

Note:

n is the number of wait states in the current memory access cycle.

T is the system clock period. _

The external DTACK input requirement is eliminated when CSx is programmed to use internal DTACK.
CSx stands for CSA0Q, CSA1, CSB0, CSB1, CSCO0, CSC1, CSDO, or CSD1.

A value in parentheses is used when early cycle detection is turned on:

19.3.3 Chip-Select Write Cycle Timing

Figure 19-3 shows the write cycle timing used by chip-select. The signal values and units of measure for
thisfigure are found in Table 19-5 on page 19-6. For detailed information about the individual signals, see
Chapter 6, “Chip-Select Logic.”
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Figure 19-3. Chip-Select Write Cycle Timing Diagram
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Table 19-5. Chip-Select Write Cycle Timing Parameters

(3.0+£0.3)V
Number Characteristic Unit
Minimum Maximum
1 Address valid to CSx asserted 20, 20+ T/2 — ns
(bit ECDS = 0, bit ECDS = 1)
2 CSx asserted to UWE/LWE asserted 0 4 ns
3 CSx asserted to data-out valid — 30 ns
4 External DTACK input setup from CSx asserted — 20+ nT ns
5 CSx pulse width 60 + nT, — ns
(bit ECDS = 0, bit ECDS = 1) (60 + T/2) + nT
6 UWE/LWE negated before CSx is negated 10 20 ns
7 External DTACK input hold after CSx is negated 0 — ns
8 Data-out hold after CSx is negated 8 — ns
9 CSx negated to data-out in Hi-Z — 18 ns
10 CSx asserted to WE asserted (16-bit SRAM) 0 4 ns
11 WE negated before CSx is negated (16-bit SRAM) 10 20 ns

Note:

n is the number of wait-states in the current memory-access cycle.

T is the system clock period. _

The external DTACK input requirement is eliminated when CSx is programmed to use the internal DTACK.
CSx stands for CSA0Q, CSA1, CSB0, CSB1, CSCO0, CSC1, CSDO, or CSD1.

A value in parentheses is used when early detection is turned on.

19.3.4 Chip-Select Flash Write Cycle Timing

Figure 19-4 on page 19-7 shows the flash write cycle timing used by chip-select. The signal values and
units of measure for this figure arefound in Table 19-6 on page 19-7. For detailed information about the
individual signals, see Chapter 6, “Chip-Select Logic.”
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Figure 19-4. Chip-Select Flash Write Cycle Timing Diagram

Table 19-6. Chip-Select Flash Write Cycle Timing Parameters

(3.0+£0.3)V
Number Characteristic Unit
Minimum Maximum
1 Address valid to CSx asserted 20,20-T/2 — ns
(bit ECDS = 0, bit ECDS = 1)
2 CSx asserted to UWE/LWE asserted 20 40 ns
3 CSx asserted to data-out valid — 30 ns
4 External DTACK input setup.from CSx asserted — 20+ nT ns
5 CSx pulse width 60 + nT, — ns
(bit ECDS = 0, bit ECDS'= 1) (60 + T/2) + nT
6 UWE/LWE negated before CSx is negated 10 20 ns
7 External DTACK input hold after CSx is negated 0 — ns
8 Data-out hold after CSx is negated 8 — ns
9 CSx negated-to/data-out in Hi-Z — 18 ns
Note:

n is the number of wait states in the current memory access cycle.

T is the system clock-period.

The external DTACK input requirement is eliminated when CSx is programmed to use the internal DTACK.

CSx stands for CSAO, CSA1, CSBO0, CSB1, CSCO0, CSC1, CSDO, or CSD1.
A value in parentheses is used when early detection is turned on.
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19.3.5 Chip-Select Timing Trim

Figure 19-5 shows the timing diagram for the chip-select timing trim. The signal values and units of
measure for this figure are found in Table 19-7. For detailed information about-the individual signals, see
Chapter 6, “Chip-Select Logic.”

SO S2 S4 WS S6 SO

CSx @_»
T Y i

—~ |~
UWE/LWE \
- @ —>
UWE/LWE \

Figure 19-5. Chip-Select Timing Trim Timing Diagram

Table 19-7. Chip-Select-Timing Trim Timing Parameters

(3.0+0.3) V
Number Characteristic Unit
Minimum Maximum
1 CLKO high to CSx asserted (hit ECDS = 0) — 10 ns
2 CLKO low to CSx asserted (bit ECDS = 1) — 10 ns
3 UWE/LWE negated before CSx is negated (bit WPEXT = 0) 10 20 ns
4 UWE/LWE negated before CSx is negated (bit WPEXT = 1) 40 50 ns

19.3.6 DRAM Read Cycle 16-Bit Access (CPU Bus Master)

Figure 19-6 on page 19-9 shows the DRAM read cycle timing diagram for 16-bit access (CPU bus master).
The signal values and units of measure for this figure are found in Table 19-8 on page 19-9. Detailed
information about the operation of individual signals can be found in Chapter 7, “DRAM Controller,” and
Chapter 6, “Chip-Select Logic.”
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Figure 19-6. DRAM Read Cycle 16-Bit Access (CPU Bus Master) Timing Diagram

Table 19-8. DRAM Read Cycle 16-Bit Access (CPU Bus Master) Timing Parameters

(3.0+£03)V
Number Characteristic Unit
Minimum Maximum
1 Row address valid to RASx asserted 40 — ns
2 DWE negated before row address valid 0 — ns
3 OE asserted before RASX istasserted 0 — ns
4 RASx asserted before row address invalid 12,27 — ns
(MSW =0,1)
5 Column address valid to CASx asserted 10,25 — ns
(MSW =0,1)
6 RASXx asserted to CASx asserted 28,58 32 ns
(MSW =0,1)
7 RASX pulse width (SLW = 0,1) 90,120 — ns
8 CASXx pulse width (BC[1:0] = 00,01,10,11) 28,58,88,118 — ns
9 CASXx asserted to data-in valid — 15,45,75,105 (FPM) ns
(BC[1:0].='00,01,10,11 for FPM) 20 (EDO)
10 Data-in hold after CASx is negated 0 (FPM) — ns
30 (EDO)
11 OE negated after CASx is negated 0 (FPM) 35 ns
30 (EDO)
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Table 19-8. DRAM Read Cycle 16-Bit Access (CPU Bus Master) Timing Parameters (Continued)

(3.0+0.3)V
Number Characteristic Unit
Minimum Maximum
12 CASXx asserted before column address 50 — ns
invalid
13 RASXx negated after CASx is negated 28 — ns
14 RASXx precharge time (SLW= 0,1) 58,118 — ns
Note: RASx stands for RASO and RAS1. CASx stands for CASO and,.CAS1.
Note: MSW is bit 5, SLW is bit 3, and BC[1:0] comprises bits 13—-12.in the DRAMC register. When the table
identifies these bits, the sequence of their listed values corresponds to the sequence of timing data provided.

19.3.7 DRAM Write Cycle 16-Bit Access (CPU Bus Master)

Figure 19-7 shows the DRAM write cycle timing diagram for 16-bit access (CPU bus master). The signal

values and units of measure for this figure are found in“Table 19-9 on page 19-11. Detailed information

about the operation of individual signals can be found in Chapter 7, “DRAM Controller,” and Chapter 6,
“Chip-Select Logic.”
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Figure 19-7. DRAM Write Cycle 16-Bit Access (CPU Bus Master) Timing Diagram
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Table 19-9. DRAM Write Cycle 16-Bit Access (CPU Bus Master) Timing Parameters

(3.0+£0.3)V
Number Characteristic Unit
Minimum Maximum
1 Row address valid to RASx asserted 40 — ns
2 DWE asserted before CASx asserted 25 — ns
3 OE negated before RASX asserted 0 — ns
4 RASXx asserted before row address invalid 12,27 — ns
(MSW =0,1)
5 Column address valid to CASx asserted 10,25 — ns
(MSW =0,1)
6 RASx asserted to CASx asserted (MSW =0,1) 28,58 — ns
7 RASX pulse width (SLW = 0,1) 90,120 — ns
8 CASX pulse width (BC[1:0] = 00,01,10,11) 28,58,88,118 — ns
9 Data-out valid before CASx asserted 25 — ns
10 Data-out hold after CASx negated 25 — ns
11 DWE negated after CASx negated 0 — ns
12 CASx asserted before column address invalid 50 — ns
13 RASX negated after CASx negated 28 — ns
14 RASXx precharge time (SLW = 0,1) 50,118 — ns
Note: RASKx stands for RASO and RAS1. CASx stands for CASO and CAS1.
Note: MSW is bit 5, SLW is bit 3, and BC[1:0] comprises bits 13—-12 in the DRAMC register. When the table
identifies these bits, the sequence of theirlisted values corresponds to the sequence of timing data provided.

19.3.8 DRAM Hidden Refresh Cycle (Normal Mode)

Figure 19-8 on page 19-12 showsthe DRAM hidden refresh cycle timing diagram for normal mode. The
signal values and units of measure for thisfigure are found in Table 19-10 on page 19-12. Detailed
information about the operation of individual signals can be found in Chapter 7, “DRAM Controller.”
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Figure 19-8. DRAM Hidden Refresh Cycle (Normal Mode) Timing Diagram

Table 19-10. DRAM Hidden Refresh Cycle (Normal Mode) Timing Parameters

(3.0+0.3)V
Number Characteristic Unit
Minimum Maximum

1 CASX pulse width 88 — ns

2 RASX pulse width 88 — ns

3 CASx asserted to RASX asserted 28 32 ns

4 RASX negated to CASx negated -28 — ns

5 CASX negated to next CASKX asserted 88 — ns

6 DWE negated before CASx asserted 58 — ns

Note: RASX stands for RASO and RAS1. CASX stands for CASO and CASL.

19.3.9 DRAM Hidden Refresh Cycle (Low-Power Mode)

Figure 19-9 showsthe DRAM hidden refresh cycletiming diagram for low-power mode. The signal values
and units of measure for this figure are found in Table 19-11 on page 19-13. Detailed information about
the operation of individual signals can be found in Chapter 7, “DRAM Controller.”
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Figure 19-9. DRAM Hidden Refresh Cycle (Low-Power Mode) Timing Diagram
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Table 19-11. DRAM Hidden Refresh Cycle (Low-Power Mode) Timing Parameters

(3.0£03)V
Number Characteristic Unit
Minimum Maximum
1 CASX pulse width 120 — ns
2 RASX pulse width 120 — ns
3 CASx asserted to RASx asserted 30 — ns
4 CASX negated to RASX negated 30 — ns
5 Refresh cycle (using 32.768 KHz crystal) 15 — us
5 Refresh cycle (using 38.400 KHz crystal) 13 — us
6 DWE negated before CASx asserted 58 — ns
Note: RASKX stands for RASO and RAS1. CASx stands for CASO and CASL.

19.3.10 LCD SRAM/ROM DMA Cycle 16-Bit Mode Access (1
Walit State)

Figure 19-10 shows the LCD SRAM/ROM DMA cycle timing diagram for 16-bit access (1 wait state).
Note that WS is the number of wait statesin the current memory access cycle. The signal values and units
of measure for this figure are found in Table19-12 on page 19-14. Detailed information about the
operation of individual signals can be found in Chapter 7, “DRAM Controller,” and Chapter 8, “LCD
Controller.”
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Figure 19-10. LCD SRAM/ROM DMA Cycle 16-Bit Mode Access Timing Diagram
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Table 19-12. LCD SRAM/ROM DMA Cycle 16-Bit Mode Access Timing Parameters

(3.0+0.3)V
Number Characteristic Unit
Minimum Maximum
1 Address valid to CSx asserted 20 — ns
2 UWE/LWE to CSx asserted 28 — ns
3 Data setup time 16 — ns
4 CLKO to address valid — 10 ns
5 CLKO high to CSx — 10 ns

19.3.11 LCD DRAM DMA Cycle 16-Bit EDO RAM Mode Access
(LCD Bus Master)

Figure 19-11 shows the timing diagram for the LCD DRAM DMA cycle for 16-bit EDO RAM mode
access (LCD bus master). The signal values and units of measure for thisfigure are found in Table 19-13
on page 19-15. Detailed information about the operation of individual signals can be found in Chapter 7,
“DRAM Controller,” and Chapter 8, “LCD Controller.”
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Figure 19-11. LCD DRAM DMA Cycle 16-Bit EDO RAM Mode Access (LCD Bus Master)
Timing Diagram
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Table 19-13. LCD DRAM DMA Cycle 16-Bit EDO RAM Mode Access (LCD Bus Master)

Timing Parameters

3.0£03)V
Number Characteristic Unit
Minimum Maximum
1 Row address valid to RASx asserted 45 — ns
2 DWE negated before row address valid 0 — ns
3 OE asserted before RASX asserted 0 — ns
4 RASX asserted before row address invalid 12,27 — ns
(MSW =0,1)
5 Column address valid to CASx asserted 10,25 — ns
(MSW =0,1)
6 RASKx asserted to CASx asserted (MSW =0,1) 28,58 — ns
7 CASXx asserted to data-in valid — 20 ns
8 CASx asserted before column address invalid 20 — ns
9 RASX pulse width 2N+ 1T — ns
10 CASXx pulse width 28 — ns
11 CASXx precharge time 26 — ns
12 RASX negated to CASx negated -28 — ns
13 Data-in hold after CASx negated 30 — ns
14 OE negated after CASx negated 28 32 ns
Note:
N is the number of words in one DMA transfer.
T is the system clock period.
RASX stands for RASO and RAS1. CASx stands for CASO and CAS1.
MSW is bit 5 in the DRAMC register. When this bit is set to 0, the first timing number applies; when it is set to 1, the
second timing number applies:
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19.3.12 LCD DRAM DMA Cycle 16-Bit Fast Page Mode Access
(LCD Bus Master)

Figure 19-12 shows the timing diagram for the LCD DRAM DMA cycle for 16-bit Fast Page Mode mode
access (LCD bus master). The signal values and units of measure for this figure are found in Table 19-14.
Detailed information about the operation of individual signals can be foundin Chapter 7, “DRAM
Controller,” and Chapter 8, “LCD Controller.”
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Figure 19-12. LCD DRAM DMA Cycle 16-Bit Fast Page Mode Access (LCD Bus Master)
Timing Diagram

Table 19-14. LCD DRAM DMA Cycle 16-Bit Fast Page Mode Access (LCD Bus Master)
Timing Parameters

(3.0£03)V
Number Characteristic Unit
Minimum Maximum

1 Row address valid to RASx asserted 45 — ns

2 DWE negated before row address valid 0 — ns

3 OE asserted before RASx asserted 0 — ns

4 RASx asserted before row address invalid 12,27 — ns
(MSW =0,1)

5 Column address valid to CASx asserted 10,25 — ns
(MSW.=0,1)

6 RASx asserted to CASx asserted (MSW =0,1) 28,58 — ns

7 Data setup time 15 — ns

8 CASXx asserted before column address invalid 20 — ns
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Table 19-14. LCD DRAM DMA Cycle 16-Bit Fast Page Mode Access (LCD Bus Master)
Timing Parameters (Continued)

(3.0+£0.3) V
Number Characteristic Unit
Minimum Maximum
9 RASX pulse width 2N+ 1T — ns
10 CASX pulse width (BC[1:0] = 00,01,10,11 in FPM) 28,58,88,118 — ns
11 CASX precharge time 26 — ns
12 RASX negated to CASX negated 28 — ns
13 Data-in hold after CASx negated 0 — ns
14 OE negated after CASx negated 0 2 ns
Note:

N is the number of words in one DMA transfer.

T is the system clock period.

RASX stands for RASO and RAS1. CASx stands for CASO and CAS1.

MSW is bit 5 and BC[1:0] comprises bits 13-12 in the DRAMC register. When the table identifies these bits, the
sequence of their listed values corresponds to the sequence of timing data provided.

19.3.13 LCD Controller Timing

Figure 19-13 showsthe LCD controller timing diagram for normal mode, and Figure 19-14 on page 19-18
displays the timing diagram for self-refresh mode. The signal values and units of measure for both figures
arefoundin Table 19-15 on page 19-18. Detailed information about the operation of individual signals can
be found in Chapter 8, “LCD Controller;”.and Chapter 7, “DRAM Controller.”
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Figure 19-14. LCD Controller Timing Diagram (Self-Refresh Mode)

Table 19-15. LCD Controller Timing Parameters

(3.0+x0.3) Vv
Number Characteristic Unit
Minimum Maximum
1 Line pulse to frame signal (4 * pixclk) - 2 — ns
2 Line pulse width (4 * pixclk) - 2 — ns
3 LCLK to data valid -2 2 ns
4 Shift clock to line pulse (2 * pixclk) - 2 (2 * pixclk) + 2 ns

Note:

The preceding data is measured by summing the polarity bits LFLM, LLP, and LCLK in the POLCF register.

The variable pixclk = LCD_CLK / (pcd. +1).

The self-refresh mode timing between LFRM, LSCLK, LD, and LLP are the same as in normal mode.

The self-refresh mode is entered and exited on the positive edge of LFRM.

In self-refresh mode, the LFRM and LLLP waveforms are identical to the waveforms in normal mode, while LD and
LCLK remain in inactive level.
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19.3.14 Page-Miss SDRAM CPU Read Cycle (CAS
Latency =1)

Figure 19-15 shows the timing diagram for the page-miss SDRAM CPU read cycle. The signal values and

units of measure for this figure are found in Table 19-16 on page 19-31. Detailed information about the
operation of individual signals can be found in both Chapter 8, “LCD Controller,” and Chapter 7, “DRAM
Controller.”
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Figure19-15. Page-Miss SDRAM CPU Read Cycle Timing Diagram
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19.3.15 Page-Hit SDRAM CPU Read Cycle (CAS Latency =1)

Figure 19-16 shows the timing diagram for the page-hit SDRAM CPU read cycle. The signal values and
units of measure for thisfigure are found in Table 19-16 on page 19-31. Detailed information about the
operation of individual signals can be found in both Chapter 8, “LCD Controller,” and Chapter 7, “DRAM

Controller.”
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Figure 19-16. Page-Hit SDRAM CPU Read Cycle Timing Diagram
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19.3.16 Page-Hit CPU Read Cycle for 8-Bit SDRAM (CAS
Latency = 1)

Figure 19-17 shows the timing diagram for the page-hit CPU read cycle for 8-bit SDRAM. The signd

values and units of measure for this figure are found in Table 19-16 on page19-31. Detailed information

about the operation of individual signals can be found in both Chapter-8, “LCD Controller,” and Chapter 7,
“DRAM Controller.”
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Figure 19-17. /Page-Hit CPU Read Cycle for 8-Bit SDRAM Timing Diagram
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19.3.17 Page-Miss SDRAM CPU Write Cycle (CAS
Latency =1)

Figure 19-18 shows the timing diagram for the page-miss SDRAM CPU write cycle for 8-bit SDRAM.
The signal values and units of measure for this figure are found in Table 19-16 on page 19-31. Detailed
information about the operation of individual signals can be found in‘both Chapter 8, “LCD Controller,”

and Chapter 7, “DRAM Controller.”
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Figure19-18. Page-Miss SDRAM CPU Write Cycle Timing Diagram
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19.3.18 Page-Hit SDRAM CPU Write Cycle (CAS Latency =1)

Figure 19-19 shows the timing diagram for the page-hit SDRAM CPU write cycle for 8-bit SDRAM. The
signal values and units of measure for thisfigure are found in Table 19-16 on page 19-31. Detailed

information about the operation of individual signals can be found in both Chapter 8, “LCD Controller,”
and Chapter 7, “DRAM Controller.”
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Figure 19-19. Page-Hit SDRAM CPU Write Cycle Timing Diagram
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19.3.19 Page-Hit CPU Byte-Write Cycle for 8-Bit SDRAM (CAS

Latency = 1)

Figure 19-20 shows the timing diagram for the page-hit SDRAM CPU byte-write cycle for 8-bit SDRAM.

The signal values and units of measure for this figure are found in Table 19-16 on page 19-31. Detailed
information about the operation of individual signals can be found in"both Chapter 8, “LCD Controller,”
and Chapter 7, “DRAM Controller.”
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19.3.20 Page-Hit CPU Read Cycle in Power-down Mode (CAS
Latency =1, Bit APEN of SDRAM Power-down
Register = 1)

Figure 19-21 shows the timing diagram for the page-hit CPU read cycle in power-down mode. The signal

values and units of measure for this figure are found in Table 19-16 on page 19-31. Detailed information

about the operation of individual signals can be found in both Chapter 8, “LCD Controller,” and Chapter 7,
“DRAM Controller.”
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Figure 19-21. Page-Hit CPU Read Cycle in Power-down Mode Timing Diagram
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19.3.21 Exit Self-Refresh Due to CPU Read Cycle (CAS
Latency =1, Bit RM of DRAM Control Register = 1)

Figure 19-22 shows the timing diagram for the exit self-refresh due to the CPU read cycle. The signal

values and units of measure for this figure are found in Table 19-16 on page19-31. Detailed information

about the operation of individual signals can be found in both Chapter-8, “LCD Controller,” and Chapter 7,
“DRAM Controller.”

S2 S3 S4 S4 S4 S4 S4 S4 S4 S4 S4 S4 'S4 S4 S4 S4 S4 S5 S6 ST

SCKEN /

A[16:1])/MDJ[15:0] X Row X Col X

SDA10

v |/
= A
D[15:0] D—

WE
- @ »
N
DQM
DTACK
Active
Command
Read
Command

Figure 19-22. Exit Self-Refresh Due to CPU Read Cycle Timing Diagram
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19.3.22 Enter Self-Refresh Due to No Activity for 64 Clocks
(Bit RM of DRAM Control Register = 1)

Figure 19-23 showsthe timing diagram for enter self-refresh dueto no activity..The signal values and units

of measure for this figure are found in Table 19-16 on page 19-31. Detailed information about the

operation of individual signals can be found in both Chapter 8, “LCD Controller,” and Chapter 7, “DRAM
Controller.”

T aVaVaWaWa

SCKEN \

A[16:1]/MD[15:0]

SDA10

m T\
o o/
e T\

Precharge
Command

Auto Refresh (SCKEN = 0)
Command

Figure 19-23. Enter Self-Refresh Due to No Activity Timing Diagram
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19.3.23 Page-Miss at Starting of LCD DMA for SDRAM (CAS
Latency =1)

Figure 19-24 shows the timing diagram for the page-miss at the starting of LCD DMA for SDRAM. The

signal values and units of measure for this figure are found in Table 19-16 on-page 19-31. Detailed

information about the operation of individual signals can be found in‘both Chapter 8, “LCD Controller,”
and Chapter 7, “DRAM Controller.”

s /NSNS NSNS S\ TS

SCKEN

ALSIMD[150] N Bark X row X ol Xcormez Y Cornez X colnes X
sDALO N sari)

s \ T

e \ /

e \ T

o150 (oatan Xoeta nes)parm me2X(pata nea)——

DQM
DTACK \ /
Active Read Read
Command Command Command
Precharge Read Read
Command Command Command

Figure 19-24. Page-Miss at Starting of LCD DMA for SDRAM Timing Diagram
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19.3.24 Page-Miss at Start and in Middle of LCD DMA (CAS
Latency =1)

Figure 19-25 shows the timing diagram for the page-miss at the start and in the middle of LCD DMA. The
signal values and units of measure for thisfigure are found in Table 19-16 on-page 19-31. Detailed

information about the operation of individual signals can be found in"both Chapter 8, “LCD Controller,”
and Chapter 7, “DRAM Controller.”

ST AAWAY AW AW W AW AW AW AW AW

SCKEN

A[16:1]/MD[15:0] X Bank X Row X Colm X Bank X Row X Coln XCoI n+1XCoI n+2X
SDA10 XL=AII BankX X1=AII BankX

-
~

Y
M

CAS

)

D[15:0] \‘ Data m_> < Data n XData n+1>—
WE U/ /
DQM
DTACK \ J \
Active Precharge Read Read
Command Command Command Command

Precharge Read Active Read
Command Command Command Command

Figure 19-25. -Page-Miss at Start and in Middle of LCD DMA Timing Diagram
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19.3.25 Page-Hit LCD DMA Cycle for SDRAM (CAS
Latency =1)

Figure 19-26 shows the timing diagram for the page-hit LCD DMA cycle for SDRAM. The signal values
and units of measure for thisfigure are found in Table 19-16 on page 19-31.-Detail ed information about

the operation of individual signals can be found in both Chapter 8, “LC€D Controller,” and Chapter 7,
“DRAM Controller.”

s /NSNS NSNS S\ S\

SCKEN
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Figure 19-26. Page-Hit LCD DMA Cycle for SDRAM Timing Diagram
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Table 19-16. Timing Parameters for Figure 19-15 Through Figure 19-26

(3.0+03)V
Number Characteristic Unit
Minimum Maximum

1 Clock high pulse time 12 — ns
2 Clock low pulse time 13 — ns
3 Clock high to address valid 3 13 ns
4 Clock high to chip-select 3 12 ns
5 Read to data sample latency CAS latency — CLK
6 Clock high to CAS asserted 3 12 ns
7 Clock high to SCKEN asserted 8 12 ns
8 Clock high to RAS asserted 3 12 ns
9 Self-refresh exit to active command asserted 4 (7)* — CLK
10 Clock high to WE asserted 3 12 ns
11 Precharge command to active command 1 (2)* — CLK
12 Clock high to DQM asserted 3 12 ns
13 DQM width asserted 28 — ns
14 Clock high to DTACK asserted 10 — ns
15 Active command to read/write'command 1(2)* — CLK
16 Data setup time 13 — ns
17 Data valid to clock high 10 — ns

* Note: The value inside the parentheses.is used if the value of bit RACL of the SDRAM control register is 1.
** Note: The value inside the parentheses is used if the value of bit CL of the SDRAM control register is 1.
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19.3.26 SPI 1 and SPI 2 Generic Timing

Figure 19-27 shows the timing diagram for SPI 1 and SPI 2. The signal values and units of measure for
Figure 19-27 through Figure 19-32 are found in Table 19-17 on page 19-34. Detailed information about
the operation of individual signals can be found in Chapter 13, “Serial Peripheral Interface 1 and 2.”

PoL1, princt) AR ANV A SN
(POL=1, ﬁﬁl/g_o}; \_FLF\I\_/—\ML/_\T
(POL:O,iZI/iLS __F\_FL/—\I\WL/_\_
(POL=0, iﬁlACi—of __/_\_%_\_/_\_/_\_/_\_/_\_7(_\_/_\_
—
TXDIMOSI Bn X [Bn1X Bn2 X Ba3 X X Xle1 X ®o

Figure 19-27. SPI 1 and SPI 2 Generic Timing Diagram

19.3.27 SPI 1 Master Using DATA_READY Edge Trigger

Figure 19-28 shows the timing diagram for.the SPI 1 master usingAha IREADY edge trigger. The
signal values and units of measure for Figure 19-27 through Figure 19-32 are found in Table 19-17 on
page 19-34. Detailed information about the operation of individual signals can be found in Chapter 13,
“Serial Peripheral Interface 1 and 2.”

Ss

N« S = T s

DATA_READY
- (Input) __/ W
@O

SCLK, /am— T\
MOSI, MISO < > " /

=1

J@ 7
|

Figure 19-28. SPI 1 Master Using DATA_READY Edge Trigger Timing Diagram

19-32 MC68VZ328 User's Manual (M) moToroLa

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Gsicctrical Characteristics

19.3.28 SPI 1 Master Using DATA_READY Level Trigger

Figure 19-29 shows the timing diagram for the SPI 1 master using the DATA_READY level trigger. The
signal values and units of measure for Figure 19-27 through Figure 19-32 are found in Table 19-17 on
page 19-34. Detailed information about the operation of individual signals can be found in Chapter 13,
“Serial Peripheral Interface 1 and 2.”

(Outpi_g \ /_\ \/_\ /_
SCLK, < > < > ; / \
MOSI, MISO \ /

Figure 19-29. SPI 1 Master Using DATA_READY Level Trigger Timing Diagram

19.3.29 SPI 1 Master “Don’t Care” DATA _READY

Figure 19-30 shows the timing diagram for the SPI 1 master with DATA_READY “don’t care.” The signal
values and units of measure for Figure 19-27 through Figure 19-32 are found in Table 19-17 on

page 19-34. Detailed information about the operation of individual signals can be found in Chapter 13,
“Serial Peripheral Interface 1 and 2.”

(Outpi_ts) \ /_\ N /_\ /_
SCLK, ( > < > ; /— \
MOSI, MISO \ /

Figure 19-30. SPI 1 Master “Don’'t Care” DATA_READY Timing Diagram

19.3.30 SPI 1 Slave FIFO Advanced by Bit Count

Figure 19-31 shows the timing diagram for the SPI 1 slave FIFO advanced by bit count. The signal values
and units of measure for Figure 19-27 through Figure 19-32 are found in Table 19-17 on page 19-34.
Detailed information about the operation of individual signals can be found in Chapter 13, “Serial
Peripheral Interface 1 and 2.”

SS T\ —
(Input) N
SCLK, T\
MOSI, MISO < > < > A \____/

Figure-19-31. SPI 1 Slave FIFO Advanced by Bit Count Timing Diagram
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19.3.31 SPI 1 Slave FIFO Advanced by SS Rising Edge

Figure 19-32 shows the timing diagram for the SPI 1 slave FIFO advanced by SSrising edge. The signal
values and units of measure for Figure 19-27 through Figure 19-32 are found in Table 19-17. Detailed
information about the operation of individual signals can be found in Chapter 13, “Serial Peripheral

Interface 1 and 2.”

SCLK, )

MOSI, MISO

@)

S,

 /

Figure 19-32. SPI 1 Slave FIFO Advanced by SS Rising Edge Timing Diagram

Table 19-17. Timing Parameters for Figure 19-27 Through Figure 19-32

(3.0x0.3)V
Number Characteristic Unit
Minimum Maximum
1 Clock edge to TxD data ready — 0.25T ns
2 RxD data ready to clock edge 0.25T — ns
3 Clock edge to RxD data hold time 0.25T — ns
4 m to SS output low — 2T ns
5 SS output low to first SCLK edge 2T — ns
6 Last SCLK edge to sSs output high T — ns
7 SS output high to DATA. READY low T — ns
8 sSs output pulse width 2T + WAIT — ns
9 SS input low to first SCLK edge T — ns
10 SS input pulse width 0 — ns
11 Pause between data word 0 — ns
Note:

T = SPI clock period

WAIT = Number of sysclk or 32.768 KHz clocks per sample period control register
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19.3.32 Normal Mode Timing

Figure 19-33 shows the timing diagram for normal mode timing of the MC68VZ328. The signal values
and units of measure for Figure 19-33 through Figure 19-35 are found in Table 19-18 on page 19-36.

=

EMUIRQ

EMUBRK 1 \

Az T \

Figure 19-33. Normal Mode Timing Diagram

19.3.33 Emulation Mode Timing

Figure 19-34 shows the timing diagram for emulation.mode timing of the MC68V Z328. The signal values
and units of measure for Figure 19-33 through Figure 19-35 are found in Table 19-18 on page 19-36.

- »@{@»

- —
EMUIRQ \ /
_— —+
EMUBRK \
AIZ i \
Figure19-34. Emulation Mode Timing Diagram
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19.3.34 Bootstrap Mode Timing

Figure 19-35 shows the timing diagram for bootstrap mode timing of the MC68VZ328. The signal values
and units of measure for Figure 19-33 through Figure 19-35 are found in Table 19-18.

RESET \

EMUIRQ

EMUBRK

HIZ

Figure 19-35. Bootstrap Mode Timing Diagram

Table 19-18. Timing Parameters for Figure 19-33 Through Figure 19-35

(3.0+£0.3) V
Number Characteristic Unit
Minimum Maximum
1 EMUIRQ, EMUBRK, and HIZ setup time 10 — ns
2 EMUIRQ, EMUBRK, and HIZ hold time 20 — ns
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Chapter 20

Mechanical Data and Ordering

Information

This chapter provides mechanica data, including illustrations; and ordering information.

20.1 Ordering Information

Table 20-1 provides ordering information for the two package types: the 144-lead, plastic, thin quad flat
package (TQFP) and the 144-lead mold array process ball grid array (MAPBGA) package.

Table 20-1. MC68VZ328 Ordering Information

Package Type Frequency (MHz) Temperature Order Number
144-lead TQFP 33 0°Cto70°C MC68VZ328PV33V
144-lead MAPBGA 33 0°Cto70°C MC68VZ328VF33V
144-lead TQFP 33 -40 °C to 85 °C MC68VZ328CPV33V
144-lead MAPBGA 33 -40 °C to 85 °C MC68VZ328CVF33V
@ MOTOROLA Mechanical Data and Ordering Information 20-1
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20.2 TQFP Pin Assignments

Figure 20-1 provides atop view of TQFP pin assignments.
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Figure 20-1. MC68VZ328 TQFP Pin Assignments—Top View

MC68VZ328 User's Manual

For More Information On This Product,
Go to: www.freescale.com

@ MOTOROLA



Freescale Semiconductor, Ingkp rackage Dimensions

20.3 TQFP Package Dimensions

Figure 20-2 illustrates the TQFP 20 mm X 20 mm package, which has 0.5 mm spacing between the pads.
The device designator for the TQFP packageisPV.
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Figure 20-2. MC68VZ328 TQFP Mechanical Drawing
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20.4 MAPBGA Pin Assignments

Figure 20-3 provides atop view of the MAPBGA pin assignments.
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Figure 20-3.  MC68VZ328 MAPBGA Pin Assignments—Top View
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20.5 MAPBGA Package Dimensions

Figure 20-4 illustrates the MAPBGA 13 mm X 13 mm package, which has 1 mm spacing between the
pads. The device designator for the MAPBGA packageis VF.
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Figure 20-4. MC68VZz328 MAPBGA Mechanical Drawing
@ MOTOROLA Mechanical Data and Ordering Information 20-5

For More Information On This Product,
Go to: www.freescale.com



PCB Finish Requirement  Freescale Semiconductor, Inc.

20.6 PCB Finish Requirement

For amorereliable BGA assembly process, use HASL finish on PCB. EMNI AU finish is not
recommended. When EMNI AU finishis used on PCB, brittle intermetallic fractures occasionally occur at
the BGA pad—-to—PCB pad solder joint.
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Index

Numerics

16-Bit SRAM enable hit, see SR16 bit
32-hit counter, see cascaded timers
8- or 7-bit hit, see 8/7 hit
8/7 bit
USTCNT1 register, 14-11
USTCNT2 register, 14-20

A

A[19:17] pins, 2-5

A[23:20]/PF[6:3] pins, 2-5

AO0/PG1 pin, 2-5

Abbreviations, general, Xxxx

AC electrical characteristics, see electrical
characteristics

ACDSLT hit, 8-17

ACDx field, 8-17

Acronyms, general, Xxx

ACx bits, 16-5

Address bus signals
address bit 0, see AO/PG1 pin
address bits 16—%ee MA[15:0]/A[16:1] pins
address bits 19-1%ee A[19:17] pins
address bits 23—28¢e A[23:20]/PF[6:3] pins
multiplexed DRAM bits 15—0see

MA[15:0]/A[16:1] pins

Port F bits 6—3see A[23:20]/PF[6:3] pins

Address compare bits 31-d@e ACx bits

Address mask bits 31-8e AMX bits

AGBA field, 6-6

Alternate crystal direction control 6=0 fielhe ACDx
field

AMX bits, 16-5

Application guide
bus and I/O considerations, 18-2
bus width issues (8-bit),-18-1
clock and layout considerations, 18-1
design checklist, 18-1
introduction, 18-1

AS pin, 5-1

AS signal, 6-2

AS toggle enable bigee AST bit

AST bit, 6-20

Autovector interrupts, 9-4

AWSO bit, 6-17
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Index

B

Baud rate generator
baud rates affected by PLL frequencies, 14-9
block diagram, 14-7
divider; binary, 14-7
divisor calculation, 14-8
non-integer prescaler, 14-7
operation, 14-6
reset bitsee BAUD RESET bit
testing bit,see BAUD TEST bit
BAUD RESET bit
UMISC1 register, 14-16
UMISC2 register, 14-26
Baud source bisee BAUDSRC bit
BAUD TEST bit
UMISC1 register, 14-16
UMISC2 register, 14-26
BAUDSRC bit
UBAUDLI register, 14-12
UBAUD?2 register, 14-22
BC1-0 field, 7-14
BDx field, 8-15
BGBA field, 6-7
BIT COUNT field
SPICONT1 register, 13-7
SPICONT?2 register, 13-16
Bit count overflow bitsee BO bit
Bit count overflow interrupt enable biége BOEN bit
BKEN bit, 8-15
Blink divisor field, see BDx field
Blink enable bitsee BKEN bit
BO bit, 13-9
BOEN bit, 13-8
Boot device chip-select signake CASQCASL1signal
Bootstrap mode
application programming example, 17-5
bootloader flowchart, 17-6
changing communication speed, 17-3
data b-record format, 17-2
entering, 17-2
execution b-record, when to use, 17-2
helpful information, 17-8
instruction buffer usage example, 17-6
introduction, 17-1
legal ASCII code values, 17-8
operation, 17-1
record format, 17-2
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reset timing diagram, 17-2
setting up RS-232 terminal, 17-3
Break (character status) hit, see BREAK bhit
BREAK bit
URX1 register, 14-14
URX2 register, 14-24
Break characters, generating, 14-5
BSW hit
CSA register, 6-8
CSB register, 6-10
CSCregister, 6-12
CSD register, 6-15
BUPS2 bit, 6-18
Burst mode
during wake-up event, 4-13
operation, 4-12
operational example, 4-13
setting the PEN bit, effects of, 4-11
Bus control signals
bus width, see BUSW/DTACK/PGO pin
data strobe signals, see UDS/PK 3, LDS/PK 2 pin
data transfer acknowledge, see
BUSW/DTACK/PGO pin
DRAM write-enable, sce DWE/UCLK/PE3 pin
introduction, 2-6
lower byte write-enable, see LWE/LB pin
output enable, see OE pin
Port E bit 3, sse DWE/UCLK/PE3 pin
Port G bit 0, see BUSW/DTACK/PGO pin
read/write signal, see RW/PK 1 pin
UART clock, see DWE/UCLK/PE3 pin
upper byte write-enable, see UWE/UB pin
BUSW/DTACK/PGO pin, 2-6
Busy (Tx status) bit, see BUSY hit
BUSY bit
UTX1 register, 14-15
UTX2 register, 14-25
BWSO bit, 6-17

C

CAPfied

TCTL1 register, 12-7

TCTL2 register, 12-7
CAPT hit

TSTATL1 register, 12-12

TSTAT2 register, 12-12
Capture edge field, see CAPfield
Capture event bit, see CAPT bit
Capture events, 12-2
CAPTURE field

TCR1 register, 12-10

TCR2 register, 12-10

Cascaded timers
available configurations, 12-4
description of, 12-4
methods to compare and capture, 12-4
CCPEN bit, 8-21
CCx field, 8-12
CGBA field, 6-7
CGM, see clock generation module
Chip ID and version, determining, 18-1
Chip-select
and EDO RAM interface signals, 2-10
logic
address select signal, see AS signal
configuring memory, 6-2
data bus size programming, 6-3
during reset, 9-4
group base address registers A-D,
overview, 6-1
memory devices supported, 6-1
memory protection, 6-2
memory size ranges, 6-2
memory size selection, 6-2
overlapping registers, hazards of, 6-4
overview, 6-1 to 6-2
unprotected memory size calculation, 6-18
registers
control register 1see CSCTRL1 register
control register 2see CSCTRL2 register
control register 3see CSCTRL3 register
group A base address registee CSGBA
register
group B base address registee CSGBB
register
group C base address registeg CSGBC
register
group D base address registee CSGBD
register
register Asee CSA register
register Bsee CSB register
register Csee CSC register
register D see CSD register
upper group base address regisies,
CSUGBA register
timing
flash write cycle timing, 19-6
read cycle timing, 19-3
timing parameters referenced to CLKO
reference, 19-3
timing trim, 19-8
write cycle timing, 19-5
Chip-select enable bigee EN bit
Chip-select size fieldsee SIZ field

Capture value field, see CAPTURE field CHx fi_6|d, 8-14
CASO/CASL signal, 6-1 CLK bit, 7-14
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CLK32 bit, 4-10
CLK32 clock signal
crystal frequency range, 4-4
crystal oscillator circuit example, 4-4
crystal ramp-up time, 4-4
description, 4-4
CLKEN hit, 4-8
CLKM bit
USTCNT1 register, 14-10
USTCNT2 register, 14-20
CLKO/PF2 pin, 2-4
CLKSEL field
PWMC1 register, 15-5
PWMC2 register, 15-9
CLKSOURCE field
TCTL1 register, 12-7
TCTL2 register, 12-7
CLKSRC hit
PWMC1 register, 15-4
UMISC1 register, 14-16
UMISC2 register, 14-26
Clock bit, see CLK bit
Clock enable bit, see CLKEN bit
Clock generation module (CGM)
changing frequencies, 4-7
clock signal distribution, 4-2
clock signals
CLK32, 4-4
LCD clock divider, 4-3
PLLCLK, 4-4t04-7
introduction, 4-2
operational overview, 4-3
programming model, 4-8 to 4-10
Clock mode selection bit, see CLKM bit
Clock output, see CLKO/PF2 pin
Clock source bit, see CLKSRC hit
Clock source field, see CLKSOURCE field
Clock source select bit, see ACDSLT hit
Clock32 status bit, see CLK32 bit
COL10 hit, 7-12
COL8 bit, 7-12
COL9 bit, 7-12
Column address MD10, see COL 10 bit
Column address MD8, see COL8 bit
Column address MD9 bit, see COL 9 bit
COMB hit, 6-14
Combining bit, see COMB-bit
COMP hit
TSTAT1 register, 12-12
TSTAT2 register; 12-12
Compare 12-12
Compare event bit, see COMP bit
COMPARE field
TCMPL register, 12-9
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TCMP2 register, 12-9
Compare valuefield, see COMPARE field
Contrast control enable bit, see CCPEN bit

Controlling Frame Rate M odulation function, absence

of, 8-7

Conventions of formatting used in this manual, xxix

COUNT field
PWMCNTL1 register, 15-7
PWMCNT2 register, 15-10
TCN1 register, 12-11
TCN2 register, 12-11
Count field, see COUNT field
Counter clock source bit, see CSRC bit
CPU
data and address mode types, 1-6
FL X68000 instruction set, 1-6
programming model, 1-5to 1-8
status register, description, 1-5
Crystal input pin, see XTAL signal pin
Crystal oscillator, see XTAL oscillator
CStoggle enable bit, see CST hit
CSA register, 6-8
CSA wait state bit 0, see AWSO hit
CSAQ/CSA1 signal, 6-1
CSB register, 6-10
CSB wait state bit 0, see BWSO hit
CSBO/CSB1 signal, 6-1
CSC register, 6-12
CSC wait state bit 0, see CWSO hit
CSCO0/CSC1 signal, 6-1
CSCTRLL1 register, 6-17
CSCTRL2 register, 6-18
CSCTRL3 register, 6-20
CSD register, 6-14
CSD wait state bit 0, see DWSO hit
CSD0/CSD1 signal, 6-1
CSGBA register, 6-4
CSGBB register, 6-5
CSGBC register, 6-5
CSGBD register, 6-6
CSRC hit, 13-11
CST hit, 6-20
CSUGBA register, 6-6
CTSsignal (UART), operation, 14-5
CTS1 DELTA hit, 14-15
CTS1 delta enable bit, see CTSD bit
CTS1 STAT hit, 14-15
CTSL status bit, see CTS1 STAT bit
CTSI/CTS2 serial interface description, 14-3
CTSI/PET7 pin, 2-8
CTS2 DELTA hit, 14-25
CTS2 STAT hit, 14-25
CTS2 status bit, see CTS2 STAT bit
CTS2/PJ7 pin 2-8
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CTSD hit

USTCNT1 register, 14-11

USTCNT?2 register, 14-21
CTSX pin, programming to post interrupt, 14-3
CUPS2 hit, 6-18
Cursor control 1 and O field, see CCx field
Cursor height 4-0 fieldsee CHx field
Cursor vertical Y pixel 8-0 fieldsee CYPx field
Cursor width 4-0 fieldsee CWXx field
Cursor X position 9-0 fieldsee CXPx field
CWSO bit, 6-17
CWx field, 8-14
CXPx field, 8-13
CYPx field, 8-13

D

D[15:8] pins, 2-5
D[7:0)/PA[7:0] pins, 2-5
Data and address mode typsese CPU
Data b-record formagee bootstrap mode
Data bus
mixing 16- and 8-bit address devices, 6-3
programming bus width, 6-3
selecting initial width, 6-3
signals
data bits 15—8see D[15:8] pins
data bits 7—0see D[7:0]/PA[7:0] pins
introduction, 2-5
Port A bits 7-0gsee D[7:0]/PA[7:0] pins
Data bus width bitsee BSW bit
Data bus width, boot device operation, 9-5
DATA field
SPIDATAZ register, 13-14
SPIRXD register, 13-4
SPITXD register, 13-5
Data field,see Dx field
DATA RATE field
SPICONT1, 13-6
SPICONT?2 register, 13-15

Data ready (FIFO status) bige DATA READY bit

DATA READY bit
URX1 register, 14-13
URX2 register, 14-23
DATA_READY control field,see DRCTL field
DATA_READY signal, 13-3
DC characteristicsee electrical characteristics
Definitions, general, xxx
DGBA field, 6-7
Direction field,see DIRXx field
DIRx field
PADIR register, 10-7
PBDIR register, 10-9
PCDIR register, 10-12
PDDIR register, 10-16
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PEDIR register, 10-21
PFDIR register, 10-24
PGDIR register, 10-28
PJDIR register, 10-31
PKDIR register;.10-34
PMDIR register, 10-37
Disable PLL bit,see DISPLL bit
DISPLL bit, 4-9
DIVIDE field
UBAUD1 register, 14-12
UBAUD? register, 14-22
DMA burst length fieldsee DMABL][3:0] field
DMA control registersee DMACR register
DMA trigger mark field,see DMATM[2:0] field
DMABL[3:0] field, 8-22
DMACR register, 8-22
DMATMI[2:0] field, 8-22
Doze mode
operation, 4-11
recommended power settings, 4-11
DRAM bit, 6-14
DRAM control registersee DRAMC register
DRAM controller
block diagram, 7-2
collisions, 7-8
data retention during reset, 7-10
data retention sequence, 7-11
DTACK (description), 7-8
features, 7-1
operation
8-bit mode, 7-9
address multiplexing, 7-3
low-power standby mode, 7-9
PAGE_ACCESS signal from LCD controller, 7-8
refresh
control, 7-7
example values, 7-7
timing diagrams, 19-8 to 19-31
DRAM memory configuration registesee DRAMMC
register
DRAM selection bitsee DRAM bit
DRAM write-enable see DWE/UCLK/PES3 pin
DRAMMC register, 7-12
DRCTL field, 13-6
DS toggle enable bitee DST bit
DSIZ3 bit, 6-17
DST bit, 6-20
DTACK generation, 7-7
DUPS2 bit, 6-17
DWE/UCLK/PE3 pin, 2-6
DWSO bit, 6-17
Dx field
PADATA register, 10-7
PBDATA register, 10-9
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PCDATA register, 10-12
PDDATA register, 10-17
PEDATA register, 10-22
PFDATA register, 10-25
PGDATA register, 10-29
PIDATA register, 10-32

PKDATA register, 10-35
PMDATA register, 10-38

E

Early ASB delay processing for static memory early
detection bit, see EASP hit
Early ASB delay valuefield, see EASDLY[1:0] field
Early cycle detection for dynamic memory bit, see
ECDD bit
Early cycle detection for static memory bit, see ECDS
bit
Early cycle detection type bit, see ECDT bit
EASDLY[1:0] field, 6-19
EASP bit, 6-19
ECDD bit, 6-18
ECDS hit, 6-19
ECDT bit, 6-19
Edge enablefield, see IQEGX field
EDO hit, 7-14
Electrical characteristics
AC, 19-2
DC maximum and minimum values, 19-2
maximum ratings, 19-1
EMIQ bit
IPR register, 9-16
ISR register, 9-12
EMIQ signal pin, 2-7
EMUCS register, 6-16
Emulation chip-select register, see EMUCS register
Emulation chip-select wait state bit, see EWSO bit
Emulation memory mapping, see |CE module
Emulator interrupt pending bit, see EMIQ bit
Emulator interrupt status bit, see EMIQ bit
EN bit
CSA register, 6-9
CSB register, 6-11
CSCregister, 6-13
CSD register, 6-15
DRAMC register, 7-14
PWMC1 register, 15-5
ENABLE hit, 13-15
Enable bit, see EN bit, PWMC1 register
End write early bit, see EWE bit
ET1 bit, 9-8
ET2 bit, 9-9
ET3 bit, 9-9
ET6 bit, 9-9
EUPEN bit, 6-17
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EWE hit, 6-20
EWSO hit, 6-17
Exception vector

assignments, 9-3t0 9-4

definition, 9-3
Exchange bit, see XCH bit
Execution b-record format, see bootstrap mode
EXTAL pin, description, 2-4
Extended data out, see EDO bit
External clock/crystal, see EXTAL pin
External INTO interrupt bit, see INTO bit
External INTZinterrupt bit, see INT1 bit
External INT2 interrupt bit, see INT2 bit
External INT3 interrupt bit, see INT3 bit
Extra UPSIZ hit enable bit, see EUPEN bit

F

Features of MC68VZ328, 1-2to 1-4
FIFO available bit, see FIFOAV bit
FIFO empty (FIFO status) hit, see FIFO EMPTY bit
FIFO EMPTY hit
UTX1 register, 14-14
UTX2 register, 14-24
FIFO full (FIFO status) hit, see FIFO FULL bit
FIFO FULL hit
URX1 register, 14-13
URX2 register, 14-23
FIFO haf (FIFO status) bit, see FIFO HALF hit
FIFO HALF hit
URX1 register, 14-13
URX2 register, 14-23
UTX1 register, 14-15
UTX2 register, 14-25
FIFO level marker interrupt register, see HMARK
register
FIFO overrun (character status) bit, see OVRUN bit
FIFOAV bit, 15-5
FLASH bit
CSA register, 6-8
CSC register, 6-12
CSD register, 6-15
Flash memory support bit, see FLASH bit
FLMPOL hit, 8-16
FLX 68000, see CPU
Force parity error bit, see FORCE PERR bit
FORCE PERR bit
UMISCL1 register, 14-16
UMISC2 register, 14-26
FPGA address comparator, see ICE module
Frame error (character status) bit, see FRAME ERROR
bit
FRAME ERROR bit
URX1 register, 14-14
URX2 register, 14-24

Index Index-v

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Frame marker polarity bit, see FLMPOL bit

Frame rate modul ation, absence of control function, 8-7
Free-running/restart bit, see FRR hit

FRR bit, 12-6

Full address decode enable bit, see UGEN hit

G

G13-G10 field, 8-20
G23-G20 field, 8-20
GBAX field, 6-4
GBBx field, 6-5
GBCx field, 6-5
GBDx field, 6-6
General-purpose timersge GP timers
GP timers
block diagram, 12-1
changing clock source, precautions, 12-2
clock sources, 12-2
description, 12-1
events
capture events, 12-2
compare events, 12-2
interrupt events, 12-2
modes
counter modes of operation, 12-2
free-running mode, 12-2
restart mode, 12-2
sleep mode, CLK32 operation, 12-2
programming model, 12-6 to 12-12
GPIO
assigning pins as, 10-1
configuring pull-up resistors, 10-1
Grayscale 13-10 fieldee G13-G10 field
Grayscale 23-20 fieldee G23-G20 field
Grayscale mode selection 1-0 fiedde GSx field
Group A base address fielbe GBAXxfield
Group B base address fiekte GBBx field
Group base address registers
group A base address registe CSGBA register
group B base address registee CSGBB register
group C base address registee CSGBC register
group D base address registee CSGBD register
upper group base address registes, CSUGBA
register
using, 6-4
Group C base address fietde GBCx field
Group D base address fiekbe GBDx field
GSx field, 8-15

H

Hardware flow control, UARTsee CTSsignal
HASL finish, see PCB finish requirements
HMARK register, 14-29
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I/O ports
configuration, 10-1
data flow from /O module, 10-4
data flow to 1/0O. module, 10-5
data loss when changing modes, preventing, 10-5
dedicated functions, 10-2
drive currentlevels, setting, 10-1
introduction, 10-1
operating port as GPIO, 10-5
operation, 10-4 to 10-6
pin names, understanding, 10-1
programming model, 10-6 to 10-40
pull-down resistors, 10-6
pull-up resistors, 10-6
select registers, using, 10-1
ICE module
A-line insertion unit, 16-3
application development design example, 16-14
block diagram, 16-1
clearing interrupts, 16-3
dedicated debug monitor memory, 16-11
detecting breakpoints, 16-2
emulation memory mapping, 16-12
emulation mode, starting, 16-2
exception vector fetch, 16-2
execution and bus breakpoints compared, 16-3
execution breakpoint, 16-2
FPGA address comparator, 16-12
host interface, 16-11
interrupt gate module, using, 16-3
introduction, 16-1
operation, 16-2
plug-in emulator design example, 16-12
programming example, 16-10
programming model, 16-4 to 16-14
registers
address compare registsge ICEMACR
register
address mask registaee ICEMAMR register
control compare registesee ICEMCCR
register
control mask registesee ICEMCMR register
control registersee ICEMCR register
status registesee ICEMSR register
reset vector, 16-2
signal decoder, 16-3
signals, 2-11
trace module, 16-12
ICEMACR register, 16-5
ICEMAMR register, 16-5
ICEMCCR register, 16-6
ICEMCMR register, 16-6
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ICEMCR register, 16-8
ICEMSR register, 16-10
ICR register, 9-8
Ignore CTS1 (Tx control) bit, see NOCTS1 bit
Ignore CTS2 (Tx control) bit, see NOCTS2 bit
ILCR register, 9-19
IMR register, 9-10
In-circuit emulation module, see ICE module
Infrared enable bit, see IRDAEN bit
Infrared testing bit see IRTEST bit
Infrared, see IrDA
INT[3:0] pins, 2-6
INTO bit
IPR register, 9-18
ISR register, 9-14
INT1 bit
IPR register, 9-18
ISR register, 9-14
INT2 bit
IPR register, 9-18
ISR register, 9-14
INT3 bit
IPR register, 9-17
ISR register, 9-14
Interrupt control register , see ICR register
Interrupt controller
interrupts
keyboard, 9-20
pen, 9-20
processing of, 9-2
introduction, 9-1
operation, 9-5
priority processing, 9-5
programming model, 9-7 to 9-19
signals
emulator interrupt status, see EM1Q signal pin
interrupt bits 3—0see INT[3:0] pins
interrupt request See IRQYPF1 pin
interrupt request bits 3-%e IRQ[3:1] pins
introduction, 2-6
Port F bit 1see IRQYPF1 pin
vectors
exception, 9-3
generation of, 9-6
interrupt, 9-6
Interrupt enable bisee IRQEN bit
Interrupt enable fieldsee IQENX field
Interrupt level registesee ILCR register
Interrupt mask registesee IMR register
Interrupt pending registersee IPR register
Interrupt priority mask, 9-4
Interrupt request bisee IRQ bit
Interrupt request enable béte IRQEN bit
Interrupt request level 1 biee IRQ1 bit

Interrupt request level 2 bgee IRQ2 bit
Interrupt request level 3 bgee IRQ3 bit
Interrupt request level’5 biee IRQ5 bit
Interrupt request level 6 bitee IRQ6 bit
Interrupt service routine, programming

considerations; 9-5
Interrupt sources, control bits, 9-10
Interrupt vector registesee IVR register
Interrupts, external as edge triggered, 9-12
Introduction.toMC68VZ328

bootstrap mode, 1-11

chip-select logic, 1-9

clock-generation and power control modules, 1-8

component modules, 1-1
CPU;1-4
DRAM controller, 1-9
in=circuit emulation module, 1-11
memory controller, 1-8
PWM modules, 1-11
real-time clock, 1-10
system control logic, 1-9
IPR register, 9-16
IQEGKx field, 10-21
IQENX field, 10-20
IRDA LOORP bit
UMISC1 register, 14-17
UMISC2? register, 14-27
IrDA, definition, 14-3
IRDAEN bit
UMISC1 register, 14-17
UMISC2? register, 14-27
IRQ bit
PWMC1 register, 15-4
SPICONT?2 register, 13-15
IRQ[3:1] pins, 2-6
IRQ1 edge trigger select bitee ET1 bit
IRQ1 bit
IPR register, 9-17
ISR register, 9-13
IRQ2 edge trigger select bitee ET2 bit
IRQ2 bit
IPR register, 9-17
ISR register, 9-13
IRQ3 edge trigger select bitee ET3 bit
IRQ3 bit
IPR register, 9-17
ISR register, 9-13
IRQ5 bit
IPR register, 9-17
ISR register, 9-13
IRQYPF1 pin, 2-7
IRQ6 edge trigger select bitee ET6 bit
IRQ6 bit
IPR register, 9-17
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ISR register, 9-13
TRQ6/PD[7:0] pin, 2-6
IRQEN bit

PWMC1 register, 15-4

PWMC2 register, 15-8

SPICONT?2 register, 13-16

TCTL1register, 12-7

TCTL2 register, 12-7
IRTEST hit

UMISC1 register, 14-16

UMISC2 register, 14-26
ISR register, 9-12
IVR register, 9-7

K

KB hit

IPR register, 9-18

ISR register, 9-14
KBENX field, 10-20
Keyboard enable field, see KBENx field
Keyboard interrupt request bit, see KB bit
KPUEN register, 10-36

L

LACD/PCY pin, 2-7
LACDRC register, 8-17
LBLKC register, 8-15
LCD aternate crystal direction output signal, see
LACD/PCY pin
LCD blink control register, see LBLKC register
LCD blink divisor 6-0 field see BDx field
LCD bus bandwidthsee LCD controller
LCD clock select fieldsee LCDCLK SEL field
LCD clock source select bidee ACDSLT bit
LCD clocking control registesee LBLKC. register
LCD contrast signakee LCONTRAST/PFO pin
LCD control bit,see LCDON bit
LCD controller
connection to LCD panel, 8-2
cursor formatting, 8-5
DMA bus bandwidth, calculating, 8-8
DMA, using, 8-8
features, 8-1
first line markersee LEFLM/PC4 pin
graphics modes, 8-6
introduction, 8-1
maximum page width and height, 8-5
operation, 8-2
PANEL_OFF procedure, 8-8
self-refresh mode, 8-9
signals
introduction, 2-7
LACD/PC7, 8-3

Index-viii

MC68VZ328 User's Manual

LCLK/PCS6, 8-3
LD[3:0)/PC[3:0], LD[7:4]/PK[7:4], 8-3
LFLM/PC4, 8-3
LLP/PCS5, 8-3
system block diagram, 8-2
timing diagrams,;19-13 to 19-31
using with LCD panel when MSB is pixel 0,0, 2-7
LCD cursor control 1 and O fieldee CCx field
LCD cursor height 4—0 fieldee CHXx field
LCD cursor vertical Y pixel 8-0 fieldee CYPx field
LCD cursor width 4-0 fieldsee CWx field
LCD cursor width and height registeee LCWCH
register
LCD cursor X position 9-0 fieldsee CXPx field
LCD cursor X position registesee LCXP register
LCD cursor Y position registesee LCYP register
LCD data bus bits 7—@ee LD[3:0]/PC[3:0],
LD[7:4])/PK]7:4] pins
LCD frame marker polarity bisee FLMPOL bit
LCD frame period, calculating, 8-19
LCD frame rate control modulation register, absence
of, 8-19
LCD graphic modessee LCD controller
LCD gray palette mapping registeege LGPMR register
LCD grayscale 13-10 fieldee G13-G10 field
LCD grayscale 23-20 fieldee G23—-G20 field
LCD line pulse polarity bitsee LPPOL bit
LCD line pulse signakee LLP/PCS5 pin
LCD maximum height fieldsee YMXx field
LCD maximum width field see XMx field
LCD panel
display mapping illustrated, 8-6
grayscale density, adjusting, 8-20
interface timing diagram, 8-4
interface timing, 8-3
PANEL_OFF signal using GPIO pin, 8-8
panels supported, 8-3
polarity signals, changing, 8-3
screen format illustrated, 8-5
using larger screen sizes, 8-4
LCD panel bus width 1-0 fieldee PBSIZ1-0 field
LCD panel interface configuration registeee LPICF
register
LCD panning offset registesee LPOSR register
LCD pixel clock divider registesee LPXCD register
LCD pixel polarity bit,see PIXPOL bit
LCD polarity configuration registesee LPOLCF
register
LCD pulse width 7-0 fieldsee PWx field
LCD refresh rate 9-0 fieldee RRAX field
LCD refresh rate adjustment registese LRRA register
LCD screen height registesee LYMAX register
LCD screen starting address fiedde SSAX field
LCD screen starting address registee, LSSA register
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LCD screen width register, see LXMAX register
LCD self-refresh on bit, see REF_ON bit
LCD shift clock polarity bit, see LCKPOL bit

LCD source field for PWM counter, see SRC1-0 field
LCD SRAM/ROM DMA cycle 16-bit mode access

timing (1 wait state), 19-13
LCD virtual page width field, see VPx field
LCDCLK SEL field, 4-8
LCDON bit, 8-18
LCKCON register, 8-18
LCKPOL hit, 8-16
LCLK/PC6 pin, 2-7
LCONTRAST/PFO pin, 2-8
LCWCH register, 8-14
LCWShit, 6-20
LCXP register, 8-12
LCYP register, 8-13
LD[3:0)/PC[3:0], LD[7:4]/PK[7:4] pins, 2-7
LFLM/PC4 pin, 2-7
LGPMR register, 8-20
Light sleep bit, see LSP bit
Line pulse polarity bit, see LPPOL bit
LLP/PC5 pin, 2-7
LOAD hit, 15-8
Load new setting bit, see LOAD bit
LOOP bit
UMISC1 register, 14-16
UMISC2 register, 14-26
Loop infrared bit, see IRDA LOOP bit
L oopback bit, see LOOP bit
L ow-power mode, 8-8
Low-power refresh enable bit, see LPR bit
LPICF register, 8-15
LPOLCF register, 8-16
LPOSR register, 8-19
LPPOL hit, 8-16
LPR bit, 7-15
LPXCD register, 8-17
LRRA register, 8-18
L SP bit, 7-15
L SSA register, 8-10
LVPW register, 8-11
LWE/LB pin, 2-6
LXMAX register, 8-11
LYMAX register, 8-12

M

MA[15:0]/A[16:1] pins, 2-5
MAPBGA
mechanical drawing, 20-5
package dimensions, 20-5
pin assignments, 20-4
Mask emulator interrupt bit, see MEMIQ bit
Mask external INTO interrupt bit, see MINTO bit
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Mask external INT1 interrupt bit, see MINT1 bit

Mask external INT2 interrupt bit, see MINT2 bit

Mask external INT3 interrupt bit, see MINT3 bit

Mask TRQ1 interrupt bit, see MIRQ1 bit

Mask TRQ2 interrupt.bit, see MIRQ2 bit

Mask TRQ3 interrupt bit, see MIRQ3 bit

Mask TRQ5 interrupt bit, see MIRQ5 bit

Mask TRQG interrupt bit, see MIRQ6 bit

Mask keyboard interrupt bit, see MKB bit

Mask PWM 1.interrupt bit, see MPWM1 it

Mask PWM 2 interrupt bit, see MPWM2 hit

Mask RTC interrupt bit, see MRTC bhit

Mask SPI-L.interrupt bit, see MSPI1 bit

Mask SPI-2 interrupt bit, see MSPI2 bit

Mask timer 2 interrupt bit, see MTMR2 bit

Mask UART 1 interrupt bit, see MUART1 bit

Mask UART 2 interrupt bit, see MUART2 bit

Mask watchdog timer interrupt bit, see MWDT bit

Master DRAM controller enable bit, see EN bit

Maximum ratings, see electrical characteristics

Maximum width field, see XMx field

MC68VZ328-to—SDRAM connections,
recommendations, 7-5 to 7-6

MEMIQ bit, 9-10

Memory mapsee programmer’s memory map

Memory, defining areas, 6-1

MINTO bit, 9-11

MINT1 bit, 9-11

MINT2 bit, 9-11

MINT3 bit, 9-11

MIRQ1 bit, 9-11

MIRQ2 bit, 9-11

MIRQ3 bit, 9-10

MIRQ5 bit, 9-10

MIRQ6 bit, 9-10

MISO signal, 13-3

MISO/PJ1 pin, 2-9

MKB bit, 9-11

MODE bit, 13-6

MOSI signal, 13-3

MOSI/PJO0 pin, 2-9

MPWML1 bit, 9-11

MPWM2 bit, 9-11

MRTC bit, 9-11

MRTI bit, 9-10

MSB for chip-select A fieldsee AGBA field

MSB for chip-select B fieldsee BGBA field

MSB for chip-select C fieldsee CGBA field

MSB for chip-select D fieldsee DGBA field

MSPI1 bit, 9-10

MSPI2 bit, 9-11

MSW bit, 7-14

MTMR1 bit, 9-11

MTMR2 bit, 9-11
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MUART1 bit, 9-11

MUART2 bit, 9-11

multiplexing options for SDRAM, selecting, 7-5to 7-6
MWDT hit, 9-11

N

NIPR1 register, 14-18
NIPR2 register, 14-28
NOCTS1 bit, 14-15
NOCTS2 hit, 14-25
Nonreturn to zero mode, see NRZ mode
Normal mode
definition, 4-11
timing, 19-35
NRZ mode, 14-2

O

ODD hit
USTCNT1 register, 14-10
USTCNT?2 register, 14-20
Odd parity bit, see ODD bit
ODEN hit
USTCNT1 register, 14-11
USTCNT?2 register, 14-21
OE pin, 2-6
Old data (FIFO status) bit, see OLD DATA hit
OLD DATA hit
URX1 register, 14-13
URX2 register, 14-23
Old data enable bit, see ODEN bit
OM bit
TCTL1register, 12-7
TCTL2 register, 12-7
Operational modes
description, 9-5
priority assignment, 17-2
timing diagrams
bootstrap mode, 19-35
emulation mode, 19-35
norma mode, 19-35
Ordering information, 20-1
Output mode bit, see OM hit
Output polarity bit, see POL hit
OVRUN bit
URX1 register, 14-13
URX2 register, 14-23

P

P counter field, see PCfield

Package dimensions
MAPBGA, 20-5
TQFP, 20-3

Package types, 20-1
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PADATA register, 10-7
PADIR register, 10-7
Page access clock cycle(fast page mode) field, see
BC1-0 field
Page size fieldsee PGSZ field
Panel bus width 1-0/fieldee PBSIZ1-0 field
PAPUEN register, 10-8
Parity enable bitsee PEN bit
Parity error (character status) lste PARITY ERROR
bit
PARITY ERROR bit
URXZ register, 14-14
URX2:register, 14-24
PBDATA register, 10-9
PBDIR register, 10-9
PBPUEN register, 10-11
PBSEL register, 10-11
PBSIZ1-0 field, 8-15
PC-field, 4-10
PCB finish requirements, 20-6
PCDATA register, 10-12
PCDIR register, 10-12
PCDx field, 8-17
PCEN bit, 4-14
PCPDEN register, 10-13
PCSEL register, 10-14
PCTLR register, 4-14
PDDATA register, 10-17
PDDIR register, 10-16
PDIRQEG register, 10-21
PDIRQEN register, 10-20
PDKBEN register, 10-20
PDPOL register, 10-19
PDPUEN register, 10-18
PDSEL register, 10-19
PDx field, 10-13
PEDATA register, 10-22
PEDIR register, 10-21
PEN bit
USTCNT1 register, 14-10
USTCNT2 register, 14-20
PEPUEN register, 10-23
PERIOD field
PWMPL1 register, 15-7
PWMP?2 register, 15-9
PESEL register, 10-23
PFDATA register, 10-25
PFDIR register, 10-24
PFPUEN register, 10-27
PFSEL register, 10-27
PGDATA register, 10-29
PGDIR register, 10-28
PGPUEN register, 10-30
PGSEL register, 10-31
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PGSZ field, 7-14
PHA bit
SPICONT1 register, 13-7
SPICONT?2 register, 13-16
Phase bit, see PHA hit
Phase-locked loop, see PLLCLK output frequency
PIN bit, 15-9
Pin status indicator bit, see PIN bit
Pixel clock divider 5-0 fieldsee PCDx field
Pixel offset code fieldsee POSX field
Pixel polarity bit,see PIXPOL bit
PIXPOL bit, 8-16
PJDATA register, 10-32
PJDIR register, 10-31
PJPUEN register, 10-33
PJSEL register, 10-33
PKDATA register, 10-35
PKDIR register, 10-34
PKPUEN register, 10-36
PKSEL register, 10-36
PLL control registersee PLLCR register
PLL frequency select registesee PLLFSR register
PLL module,see clock generation module
PLLCLK
frequency selection, 4-6
initial power-up sequence, 4-5
output frequency, selecting, 4-3
PLLCR register, 4-8
PLLFSR register, 4-10
PMDATA register, 10-38
PMDIR register, 10-37
PMPUEN register, 10-39
PMSEL register, 10-40
POL bit
PWMC1 register, 15-9
SPICONT1 register, 13-7
SPICONT?2 register, 13-16
POL1 bit, 9-8
POL2 bit, 9-8
POLS bit, 9-8
POLS bit, 9-9
POLS bit, 9-8
Polarity bit,see POL bit
Polarity control 1 bitsee POL1 bit
Polarity control 2 bitsee POL2 bit
Polarity control 3 bitsee POL3 bit
Polarity control 5 bitsee POLS5 bit
Polarity control 6 bitsee POL6 bit
Polarity field,see POLx field
POLx field, 10-19
Port A
introduction, 10-6
registers
data registersee PADATA register
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direction register see PADIR register
pull-up enable registersee PAPUEN register
register summary, 10-6

Port B

bit 6, see TOUT/TIN/PB6 pin
bit 7, see PWMO1/PB7 pin
dedicated I/O functions, 10-9 to 10-10
registers
data registersee PBDATA register
direction register see PBDIR register
pull-up enable registersee PBPUEN register
register summary, 10-8
select registersee PBSEL register

Port C

bit 4, see LFLM/PC4 pin

bit 5, see LLP/PCS5 pin

bit. 7, see LACD/PCY pin

bits 3—-0,see LD[3:0]/PC[3:0], LD[7:4]/PK[7:4]
pins

dedicated 1/O functions, 10-12

registers
data register see PCDATA register
direction register see PCDIR register
pull-down enable registeisece PCPDEN

register

register summary, 10-11
select registeisee PCSEL register

Port D

bits 7-0,see IRQ&PD[7:0] pin
dedicated 1/O functions, 10-17
interrupts
interrupt handling, overview, 10-1
interrupt options, 10-18
interrupt port operation, 10-15
masking interrupt bits, 10-18
using interrupts for system wake up, 10-18
keyboard applications, 10-18
registers
data registersee PDDATA register
direction registersee PDDIR register
interrupt request edge registsze PDIRQEG
register
interrupt request enable registsse
PDIRQEN register
keyboard enable registexe PDKBEN
register
polarity registersee PDPOL register
pull-up enable registesge PDPUEN register
register summary, 10-16
select registersee PDSEL register

Port E

bit 0, see SPITXD/PEO pin
bit 1, see SPIRXD/PE1 pin
bit 2, see SPICLK2/PE2 pin
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bit 4, see RXD1/PE4 pin
bit 5, see TXD1/PE5 pin
bit 6, see RTS1/PE6 pin
dedicated /O functions, 10-22
registers
data register, see PEDATA register
direction register, see PEDIR register
pull-up enable register, see PEPUEN register
register summary, 10-21
select register, see PESEL register
Port F
bit 0, see LCONTRAST/PFO pin
bit 2, see CLKO/PF2 pin
dedicated /O functions, 10-25
registers
dataregister, see PFDATA register
direction register, see PFDIR register
pull-up enable register, see PFPUEN register
register summary, 10-24
select register, see PFSEL register
Port G
bit 1, see AO/PG1 pin
dedicated /O functions, 10-29
operational considerations, 10-30
registers
data register, see PGDATA register
direction register, see PGDIR register
pull-up enable register, see PGPUEN register
register summary, 10-28
select register, see PGSEL register
Port J
bit 0, see MOSI/PJO pin
bit 1, see MISO/PJ1 pin
bit 2, see SPICLKL/PJ2 pin
bit 3, see SS/PJ3 pin
bit 4, see RXD2/PJ4 pin
bit 5, see TXD2/PJ5 pin
bit 7, see RTS2/PJ6 pin
dedicated /O functions, 10-32
registers
dataregister, see PIDATA register
direction register, see PIDIR register
pull-up enable register; see PJPUEN register
register summary, 10-31
select register, see PISEL register
Port K
bit 0, see PWMO2/DATA_READY/PKO pin
bits 7—4,see LD[3:0]/PC[3:0], LD[7:4]/PK[7:4]
pins
dedicated 1/O functions, 10-35
registers
data registersee PKDATA register
direction registersee PKDIR register
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pull-up/pull-down enable registesee
PKPUEN register
register summary, 10-34
select registersee PKSEL register
Port M
dedicated I/O functions, 10-39
registers
data registersee PMDATA register
direction. registersee PMDIR register
pull-up/pull-down enable registesee
PMPUEN register
register summary, 10-37
select registeisee PMSEL register
POSXx field; 8-19
Power control enable bisee PCEN bit
Power control module (PCM)
introduction, 4-10
modes of operation
burst, 4-11
normal, 4-11
sleep, 4-12
waking up, 9-20
Power control registersee PCTLR register
PRESCL1 bit, 4-8
PRESC?2 bit, 4-8
Prescaler 1 select biige PRESC1 bit
Prescaler 2 select biige PRESC2 bit
PRESCALER bhit, 15-4
PRESCALER field
UBAUD1 register, 14-12
UBAUD? register, 14-22
Prescaler selection bi#ee PRESEL bit
PRESEL bit
NIPR1 register, 14-18
NIPR2 register, 14-28
Programmer’s memory map
diagram, 3-1
introduction, 3-1
sorted by address, 3-2 to 3-7
sorted by register name, 3-8 to 3-13
Programming examples
bootstrap system initialization, 17-4
chip-select initialization, 6-21
configuring PLLCLK frequency, 4-7
LCD controller, 8-22
power control shutdown, 4-12
Programming model
CGM, 4-8 to 4-10
chip-select, 6-4 to 6-21
CPU, 1-5t0 1-8
DRAM controller, 7-12 to 7-18
GP timers, 12-6 to 12-12
I/O ports, 10-6 to 10-40
ICE module, 16-4 to 16-14
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interrupt controller, 9-7 to 9-19
LCD controller, 8-10to 8-22
PWM 1, 15-4 to 15-7
PWM 2, 15-8 to 15-10
SPI 1,13-4to0 13-11
SPI 2,13-14 t0 13-16
system control, 5-2 to 5-6
UARTS, 14-10to 14-30
PROT hit, 4-10
Protect bit bit, see PROT bit
Pull-down field, see PDx field
Pull-down resistors, see I/O ports
Pull-up field, see PUx field
Pull-up resistors, see 1/0 ports
Pull-up/pull-down enable field, see PUx field
Pulse width 7-0 fieldsee PWx field
Pulse-width modulator kee PWM 1

Pulse-width modulator 2 interrupt bige PWM2 bit

Pulse-width modulator Zee PWM 2
Pulse-width modulatorsee PWM, PWM 1, and
PWM 2
PUx field
PAPUEN register, 10-8
PBPUEN register, 10-11
PDPUEN register, 10-18
PEPUEN register, 10-23
PFPUEN register, 10-27
PGPUEN register, 10-30
PJPUEN register, 10-33
PKPUEN register, 10-36
PMPUEN register, 10-39
PWM
clock signals, 15-2
clock source selection, 15-2
introduction, 15-1
modes of operation, 15-3
period frequency, calculating, 15-7
programming model, 15-4
signals
PWM output 1see PWMO1/PB7 pin
PWM output 2see
PWMO2/DATA_READY/PKO pin
PWM 1
compared to PWM 2,15-8
D/A mode, 15-3
description, 15-2
playback mode
digital samplevalues, 15-3
introduction, 15-3
maskable interrupt generation, 15-3
variable pulse width, 15-3
tone mode, 15-3
PWM 1 control registeisee PWMCL register
PWM 1 counter registesee PWMCNTL1 register
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PWM 1 interrupt bitsee PWML1 bit
PWM 1 period registesee PWMP1 register
PWM 1 sample registesee PWMS1 register
PWM 2
compared to PWM 1, 15-8
period register, setting to $00, 15-9
width and period settings, 15-10
PWM 2 counter registesce PWMC?2 register
PWM 2 period registesee PWMP?2 register
PWM 2 pulse width control registesee PWMW2
register
PWM contrast control registesee PWMR register
PWM counter input clock selectiogge SRC1-0 field
PWM enable bitsee PWMEN bit
PWM interrupt bitsee PWMIRQ bit
PWML1 bit, 9-14, 9-18
PWM2 bit, 9-13, 9-17
PWMC1 register, 15-4
PWMC2 register, 15-8
PWMCNTL1 register, 15-7
PWMEN bit, 15-9
PWMIRQ bit, 15-8
PWMO1/PB7 pin, 2-9
PWMO2/DATA_READY/PKO pin, 2-9
PWMPL1 register, 15-7
PWMP?2 register, 15-9
PWMR register, 8-20
PWMSL1 register, 15-6
PWMW?2 register, 15-10
PWx field, 8-21

Q

Q counter fieldsee QC field
QC field, 4-10

R

Read-only bitsee RO bit

Read-only for protected memory block Isite ROP bit

Real-time clock interrupt request ksee RTC bit

Real-time interrupt pending (real-time clock) Isie
RTI bit

Real-time interrupt status (real-time clock) bée RTI
bit

Receive polarity bitsee RXPOL bit

Receiver (UART)
FIFO buffer operation, 14-6
operation, general, 14-6

Receiver enable bitsee RXEN bit

Receiver full enable bisee RXFE bit

Receiver half enable bigee RXHE bit

Receiver ready enable bite RXRE bit

REF field, 7-13

REF_ON bit, 8-21
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Refresh cycle field, see REF field
Refresh cycle, calculation of REF field values, 7-13
Refresh mode bit, see RM bit
Refresh mode control register, see RMCR register
Refresh rate field, see RRAX field
REPEAT field, 15-5
Request to send pin hit, see RTS1 bit and RTS2 bit
Reset
exception, 9-4
instruction, 9-5
interrupt controller, 9-4
pin, see RESET pin
status of RESET pin, 9-5
RESET pin
description, 2-4
status during reset, 9-5
RESET signa
delay for Dragonball and Dragonball EZ, 4-5
startup requirements, 9-5
RF bit, 13-9
RFEN bit, 13-8
RH bit, 13-9
RHEN bit, 13-8
RM bit, 7-14
RMCR register, 8-21
RO bit
CSA register, 6-8
CSB register, 6-10
CSC register, 6-12
CSD register, 6-14
SPIINTCS register, 13-9
ROEN bit, 13-8
ROP bit
CSB register, 6-10
CSC register, 6-12
CSD register, 6-14
Row address MDO field, see ROWO field
Row address MD10 hit, see ROW10 bit
Row address MD11 hit, see ROW11 bit
Row address MD12 field, see ROW12 field
Row address MD8 hit, see ROWS bit
Row address MD9 hit, see ROWS bit
ROWO field, 7-12
ROW10 bit, 7-12
ROW11 bit, 7-12
ROW12 field, 7-12
ROWS8 bit, 7-12
ROW9 hit, 7-12
RR bit, 13-9
RRAX field, 8-19
RREN bit, 13-8
RTC bit 9-18
IPR register, 9-18
ISR register, 9-14
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RTI bit
IPR register, 9-16
ISR register, 9-13
RTS1 bit, 14-17
RTS1 control bit, see RTSICONT bit
RTS1/PE6 pin, 2-8
RTSI/RTS2 pin, 14-4
RTS1CONT bit; 14-17
RTS2 bit, 14-27
RTS2 control-bit; see RTS2CONT bit
RTS2/PJ6 pin, 2-8
RTS2CONT bit, 14-27
RW/PK 1.pin, 2-6
Rx data,(character data) field, see RXDATA field
RX DATAfield
URX1 register, 14-14
URX2 register, 14-24
RXCNT field, 13-10
RXD1/PE4 pin, 2-8
RXD2/P3 pin, 2-8
RXEN bit
USTCNT1 register, 14-10
USTCNT?2 register, 14-20
RXFE bit
USTCNT1 register, 14-11
USTCNT2 register, 14-21
RxFIFO counter field, see RXCNT field
RxFIFO data ready interrupt enable, see RREN bit
RxFIFO data ready status bit, see RR bit
RxFIFO full interrupt enable bit, see RFEN bit
RxFIFO full status bit, see RF bit
RxFIFO half interrupt enable, see RHEN bit
RxFIFO half status bit, see RH bit
RXFIFO LEVEL MARKER field, 14-29
RxFIFO level marker field, see RXFIFO LEVEL
MARKER field
RxFIFO overflow bit, see RO bit
RxFIFO overflow interrupt enable bit, see ROEN bit
RXHE bit
USTCNT1 register, 14-11
USTCNT?2 register, 14-21
RXPOL bit
UMISC1 register, 14-17
UMISC2 register, 14-27
RXRE hit
USTCNT1 register, 14-11
USTCNT?2 register, 14-21

S

Sample O field, see SAMPLEQ field
Sample 1 field, see SAMPLEL1 field
Samplerepeats field, see REPEAT field
SAMPLEQO field, 15-6

SAMPLEL1 field, 15-6
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SB bit, 16-8
SCR register, 5-2
Screen starting address 31-1 fiedsb SSAX field
SDRAM interface signals, 2-10
SDRAM, selecting multiplexing options, 7-5 to 7-6
SDRAM-t0—MC68VZ328 connections,
recommendations, 7-5 to 7-6
SELECT field
NIPR1 register, 14-18
NIPR2 register, 14-28
Self-refresh modesee LCD controller
Self-refresh on bitsee REF_ON bit
SELx field
PBSEL register, 10-11
PCSEL register 10-14
PDSEL register, 10-19
PESEL register, 10-23
PFSEL register, 10-27
PGSEL register, 10-31
PJSEL register, 10-33
PKSEL register, 10-36
PMSEL register, 10-40
Send break (Tx control) bisee SEND BREAK bit
SEND BREAK bit
UTX1 register, 14-15
UTX2 register, 14-25
Serial peripheral interface 1 signadeg SPI 1
Serial peripheral interface 4ge SPI 1
Serial peripheral interface 2 signadeg SPI1 2
Serial peripheral interface &e SPI 2
Serial peripheral interfacege SPI, SPI 1, and SPI 2
Signals
CLKO, 2-4
clock and system control, 2-4
grouped by function, block diagram, 2-2
grouped by function, table, 2-3
introduction, 2-1
power and ground signals, 2-4
XTAL, 2-4
Single breakpoint bisee SB bit
SIZ field
CSA register, 6-9
CSB register, 6-11
CSC register, 6-13
CSD register, 6-15
Size bit 3 for DRAM chip-select addressing spaee,
DSIZ3 bit
Sleep mode
events occuring during sleep mode, 4-12
operation, 4-12
Slow multiplexing bit,see MSW bit
Slow RAM bit, see SLW bit
SLW bit, 7-15
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SOP bit
CSB register, 6-10
CSC register, 6-12
CSD register, 6-14
Source field see SRC1-0 field
SPI'1
block diagram, 13-1
data
bad data word indication, 13-9
ensuring none is lost, 13-9
transferring between devices, 13-2
overview; 13-1
phase.and polarity, 13-3
programming model, 13-4 to 13-11
registers
control and status registeee SPICONT1
register,
interrupt control/status registesse SPIINTCS
register
receive data registesee SPIRXD register
sample period control registeee SPISPC
register
test registersee SPITEST register
transmit data registesee SPITXD register
RxFIFO, top of see DATA field
signals
master in/slave ousee MISO signal
master out/slave irsee MOSI signal
slave selectsee SSsignal
SPI clock,see SPICLK1 signal
SPI data readysee DATA_READY signal
SPI receive dataee MISO/PJ1 pin
SPI transmit dataee MOSI/PJO pin
SPICLK1 polarity, configuring, 13-3
timing diagrams
control signals, 19-32 to 19-34
generic, 13-2, 19-32
using as master, 13-2
using as slave, 13-2
writing to TXFIFO
denied, 13-5
when permitted, 13-5
SPI 1 enable bitee SPIEN bit
SPI 1 interrupt pending bitge SPI1 bit
SPI 1 interrupt status biee SPI1 bit
SPI 1 mode select bid&ee MODE bit
SPI 2
debugging, generating an interrupt for, 13-15
operation, 13-12
overview, 13-11
phase 0 operation, 13-13
phase 1 operation, 13-13
phase and polarity configuration, 13-13
programming model, 13-14 to 13-16
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programming with ENABLE bit
disabling writes, 13-14
setting before changing other bits, 13-12
registers
control/status register, see SPICONT2 register
data register, see SPIDATAZ2 register
signals
clock pin, see SPICLK2 pin
introduction, 2-9
SPI master clock, see SPICLK2/PE2 pin
SPI master receive data, see SPIRXD/PE1 pin
SPI master transmit data, see SPITXD/PEOQ pin
timing diagrams, generic, 13-12, 19-32
using GPIO as chip-select, 13-13
SPI unit 2 interrupt pending bit, see SPI2 bit
SPI unit 2 interrupt status bit, see SPI2 bit
SPI, introduction, 13-1
SPI1 bit
IPR register, 9-16
ISR register, 9-13
SPI2 bit
IPR reigster, 9-18
ISR register, 9-15
SPICLK1 signal, 13-3
SPICLK1/PJ2 pin, 2-9
SPICLK2 pin, 13-13
SPICLK2/PE2 pin, 2-9
SPICONT1 register, 13-6
SPICONT?2 register, 13-15
SPIDATAZ2 register
description, 13-14
timing, 13-14
SPIEN bit, 13-6
SPIINTCS register, 13-8
SPIRXD register, 13-4
SPIRXD/PE1 pin, 2-9
SPISPC register, 13-11
SPITEST register, 13-10
SPITXD register, 13-5
SPITXD/PEOQ pin, 2-9
SR16 hit, 6-17
SRC1-0 field, 8-20
SSpolarity select bitsee SSPOL bit
SSsignal, 13-3
SSwaveform select bisee SSCTL bit
SSPJ3 pin, 2-9
SSAx field, 8-10
SSCTL bit, 13-7
SSPOL bit, 13-6
SSTATUS field, 13-10
State machine status fielbe SSTATUS field
STEP VALUE field
NIPR1 register, 14-18
NIPR2 register, 14-28
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STOP bit
USTCNTL1 register, 14-11
USTCNT2 register, 14-20
Stop bit transmission. bisee STOP bit
Suggested reading, Xxix
Supervisor-use-only protected memory block daé,
SOP bit
SYSCLK SEL field, 4-8
System clock ‘'select fieldee SYSCLK SEL field
System control'registesee SCR register
System integration module, 5-1

T

Tap selection fieldsee SELECT field
TCMP1 register, 12-9
TCMP2 register, 12-9
TCN1 register, 12-11
TCN2 register, 12-11
TCRL1 register, 12-11
TCR2 register, 12-10
TCTL1 register, 12-6
TCTL2 register, 12-6 to 12-7
TE bit, 13-9
TEEN bit, 13-9
TEN bit, 12-7
TF bit, 13-9
TFEN bit, 13-8
TH bit, 13-9
THEN bit, 13-8
Timer 1 interrupt pending bisee TMR1 bit
Timer 1 interrupt status bisee TMR1 bit
Timer 2 interrupt pending bisee TMR2 bit
Timer 2 interrupt status bisee TMR2 bit
Timer capture register $ee TCR1 register
Timer capture register 2e TCR2 register
Timer capture registers, overview
CAP field transition selection, 12-3
CAPT status bit, setting, 12-3
TIN input, switching, 12-3
Timer compare register $e TCMP1 register
Timer compare register e TCMP2 register
Timer control register 1see TCTL1 register
Timer control register Zee TCTL2 register
Timer counter register ee TCN1 register
Timer counter register 3ee TCN2 register
Timer counter value fieldsee COUNT field
Timer enable bitsee TEN bit
Timer for real-time clock bitsee MRTI bit
Timer prescaler register e TPRER1 register
Timer prescaler register e TPRER?2 register
Timer signals
introduction, 2-8
timer 1 input,see TOUT/TIN/PB6 pin
timer 1 outputsee TOUT/TIN/PB6 pin
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UART clock I/0, see UCLK/DWE/PE3 pin
Timer status register 1, see TSTAT1 register
Timer status register 2, see TSTATZ2 register
TIN pin

asaclock input, 12-3

transitions that trigger capture events, 12-3
TMRL1 bit

IPR register, 9-18

ISR register, 9-15
TMR2 bit

IPR register, 9-18

ISR register, 9-14
TOUT pin, using to output a pulse on compare, 12-3
TOUT/TIN/PB6 pin

description, 12-3

direction control, 12-3

signals, 2-8
TPRERL register, 12-8
TPRER2 register, 12-8
TQFP

mechanical drawing, 20-3

package dimensions, 20-3

pin assignments, 20-2
Transmit FIFO has slot available (FIFO status) bit, see

TX AVAIL bit
Transmit polarity bit, see TXPOL bit
Transmitter available for new data bit, see TXAE hit
Transmitter empty enable bit, see TXEE bit
Transmitter enable bit, see TXEN bit
Transmitter half empty enable bit, see TXHE bit
TSTATL register, 12-12
TSTAT2 register, 12-12
TX AVAIL bit

UTX1 register, 14-15

UTX2 register, 14-25
Tx data (character) (write-only) field, see TX DATA

field
TX DATA field

UTX1 register, 14-15

UTX2 register, 14-25
TXAE bit

USTCNT1 register, 14-11

USTCNT2 register, 14-21
TXCNT field, 13-10
TXD1/PES pin, 2-8
TXD2/PJ5 pin, 2-8
TXEE bit

USTCNT1 register;14-11

USTCNT?2 register, 14-21
TXEN hit

USTCNT1 register, 14-10

USTCNT2 register, 14-20
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TxFIFO

buffer operation

UART 1, 14-4
UART 2, 145

datafor, see DATA field
TxFIFO counter field,'see TXCNT field
TXFIFO empty interrupt enable bit, see TEEN bit
TXFIFO empty status bit, see TE bit
TXFIFO full interrupt enable bit, see TFEN bit
TXFIFO full status bit, see TF bit
TXFIFO half interrupt enable bit, see THEN bit
TxFIFO half status bit, see TH bit
TXFIFO.LEVEL MARKER field, 14-29
TxFIFQ level marker field, see TXFIFO LEVEL

MARKER field
TXHE bit

USTCNT1 register, 14-11

USTCNT?2 register, 14-21
TXPOL bit

UMISCL1 register, 14-17

UMISC2 register, 14-27

U

UART 1 baud control register, see UBAUD register
UART 1 enable bit, see UEN bit
UART 1 interrupt request bit, see UART1 bit
UART 1 miscellaneous register, see UMISC1 register
UART 1 non-integer prescaler register, see NIPR1
register
UART 1 receiver register, see URX1 register
UART 1 status/control register, see USTCNTL1 register
UART 1 transmitter register, see UTX1 register
UART 2 baud control register, see UBAUD2 register
UART 2 enable bit, see UEN bit
UART 2 interrupt request bit, see UART2 bit
UART 2 miscellaneous register, see UMISC2 register
UART 2 non-integer prescaler register, see NIPR2
register
UART 2 receiver register, see URX2 register
UART 2 status/control register, see USTCNT2 register
UART 2 transmitter register, see UTX2 register
UART clock, see DWE/UCLK/PE3 pin
UART1 bit, 9-15, 9-18
UART2 bit, 9-14, 9-17
UARTs
features, 14-1
introduction, 14-1
operation
general, 14-2
NRZ mode, 14-2
serial, 14-2
sub-blocks, 14-4
transmitter, 14-4
seria interface signals, 14-3 to 14-4
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signal nomenclature conventions, 14-1
signals
UART 1 clear to send, see CTS1/PE7 pin
UART 1 receive data, see RXD1/PE4 pin
UART 1 request to send, see RTS1/PEG pin
UART 1 transmit data, see TXD1/PES5 pin
UART 2 clear to send, see CTS2/PJ7 pin
UART 2 receive data, see RXD2/PJ4 pin
UART 2 request to send, see RTS2/PJ6 pin
UART 2 transmitter data, see TXD2/PJ5 pin
UART 1, compared to DragonBall EZ, 14-1
UBAUDLI register, 14-12
UBAUD?2 register 14-22
UCLK direction hit, see UCLKDIR bit
UCLK pin, connections, 14-4
UCLK signal, 14-4
UCLK/DWE/PES pin, 2-8
UCLKDIR bit
UBAUDLI register, 14-12
UBAUD?2 register, 14-22
UDS/PK 3, LDS/PK 2 pin, 2-6
UEN bit
USTCNT1 register, 14-10
USTCNT?2 register, 14-20
UGEN bhit, 6-6
UMISCL1 register, 14-16
UMISC2 register, 14-26
Universal asynchronous receiver/transmitter, see
UARTs
Unprotected memory block size field, see UPSIZ field
UPSIZ hit 2
CSB register, 6-18
CSC register, 6-18
CSD register, 6-17
UPSIZ field
CSB register, 6-10
CSC register, 6-12
CSD register, 6-14
URX1 register, 14-13
URX2 register, 14-23
USTCNT1 register, 14-10
USTCNT?2 register, 14-20
UTX1 register, 14-14
UTX2 register, 14-24
UWE/UB pin, 2-6

\Y,

V CO frequency, changing, 4-6
VECTOR field, 9-7
Vector number

coding, 9-6

description, 9-3
Vector number field, see VECTOR field
Virtual page width 8—1see VPx field
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VPx field, 8-11
W

WAIT field, 13-11
Wait state fieldsee WS3-1 field
Wait state trim for LCD-SRAM access hite LCWS
bit
Wake-up clock select fieldee WKSEL field
Wake-up interrupts, 10-18
Watchdog timer interrupt request ksée WDT bit
WDT bit, 9-14, 9-18
WIDTH field
PCTLR register, 4-14
PWMW?2 register, 15-10
WKSEL bit, 4-9
WPEXT bit, 6-20
Write pulse to CS negation margin extensionde,
WPEXT bit
WS3-1 field
CSA register, 6-8
CSB register, 6-11
CSC register, 6-13
CSD reqister, 6-15
EMUCS register, 6-16

X

XCH bit
SPICONT1 register, 13-6
SPICONT?2 register, 13-15

XMx field, 8-11

XTAL
oscillator,see CLK32 clock signal
signal pin, 2-4

Y
YMx field, 8-12
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