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About This Book

This reference manual describes the features and operation of the MC68SZ328 (DragonBall™ Super VZ)
microprocessor, the fourth generation of the DragonBall family of products. It provides the details of how
to initialize, configure, and program the MC68SZ328. The manual presumes basic knowledge of 68000
architecture.

Audience

The MC68SZ328 reference manual is intended to provide a design engineer with the necessary data to
successfully integrate the MC68SZ328 into a wide variety of applications. It is assumed that the reader has
a good working knowledge of the 68000 core. For programming information about the 68000, see the
documents listed in the Suggested Reading section of this preface.

Revision History
The following table summarizes revisions to this document since the previous release (Rev. 1.2).

Revision History

Location Revision
Chapter 2, “Signal Descriptions.” Table 2-1, “MC68SZ328 Signal Name Descriptions,” on page 2-1: This
table was updated.
Chapter 5, “Clock Generation Module Section 5.1, “Clock Generation Module Overview,” on page 5-1: This
and Power Control Module.” section was updated.
Chapter 6, “System Control.” e Section 6.2.3, “ID Register,” on page 6-4: This register was
updated.

e Table 6-3, “ID Register Description,” on page 6-4 and
Table 6-4, “I/O Drive Control Register Description,” on page
6-5: These tables were updated.

Chapter 11, “Analog Signal Processor. e Section 11.2.3, “Input Select,” on page 11-2: The note in this
section was updated.

* Section 11.9.1, “ASP Control Register,” on page 11-12: This
section was updated.

Chapter 16, “General Purpose 1/0 e Section 16.4.7.9, “Port J Interrupt Polarity Register,” on page

Module.” 16-36: This section was updated.

e Table 16-61, “Port K Dedicated I/O Function Assignments,” on
page 16-38: This table was updated.
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Location

Revision

Chapter 26, “Electrical Characteristics.” e Table 26-3, “Maximum and Minimum DC Characteristics,” on

page 26-2: Footnote #2 was updated.

e Section 26.4.2.1.2, “68K Write Cycle,” on page 26-5: This
section was updated.

* Table 26-28, “Pen ADC Characteristics,” on page 26-39: This
table was updated.

Organization

The MC68SZ7328 reference manual is organized into 27 chapters that cover the operation and
programming of the DragonBall Super VZ device. The following list summarizes the chapters.

Chapter 1

Chapter 2
Chapter 3
Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

xl

Introduction — Contains a device feature list, overview of system modules,
system block diagrams, and a feature comparison of the different generations of
the DragonBall devices.

Signal Descriptions — Contains listings of the MC68SZ328 input and output
signals, organized into functional groups.

FLX68000 Core — Provides a high-level overview of the FLX68000 core
including its instruction set.

Memory Map — Summarizes the memory organization, programming
information, and registers’ addresses and reset values.

Clock Generation Module and Power Control Module — 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.

System Control — Describes the operation of and programming models for the
system control, peripheral control, ID register, and I/O drive control registers.

Chip-Select Module — 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.

DRAM Controller — Details operation and programming of the DRAM
controller. This module provides a glueless interface to 8-bit or 16-bit DRAM
supporting EDO RAM, Fast Page Mode, and synchronous DRAM.

DMA Controller — Provides operational details of the DMA controller
contained in the MC68SZ328. The DMA controller provides two memory
channels and four I/O channels to support a wide variety of DMA operations.

LCD Controller — Describes the operation and programming of the LCD
controller, which provides display data for external LCD drivers or for an LCD
panel.

Analog Signal Processor — Describes the analog signal processing (ASP)
moduleMC68SZ328 which provides support and conversion capabilities for a
variety of analog devices, including analog-to-digital controllers (ADC) for voice
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Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Chapter 18

Chapter 19

Chapter 20

Chapter 21
Chapter 22

Chapter 23

Chapter 24

Chapter 25
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touch panel.

General-Purpose Timers — Details the two 16-bit timers that can be used as
both watchdogs and alarms. It also describes how the timers can be combined into
a single 32-bit timer.

Real-Time Clock — Describes the operation of the real-time clock (RTC)
module, which is composed of a prescaler, time-of-day (TOD) clock, TOD alarm,
programmable real-time interrupt, watchdog timer, and minute stopwatch as well
as control registers and bus interface hardware.

Pulse-Width Modulator 1 and 2 — Describes both pulse-width modulators.
Programming information is also provided.

Interrupt Controller — Provides a description and operational considerations
for interrupt controller operation. It includes a description of the vector generator
and pen and keyboard interrupts.

GPIO Module — Covers all 76 GPIO lines found in the MC68SZ328. Because
each pin is individually configurable, a detailed description of the operation of
and programming information for each pin is provided.

Multimedia Card and Secure Digital Host Controller — Describes the
Multimedia Card (MMC) host controller which is a Flash-based mass storage
product. The MMC bus uses a multi-drop master salve configuration requiring a
host device to control the multimedia card. This chapter also describes the Secure
Digital feature of the MMC, its operation and programming information.

Memory Stick Controller — Describes how data is transferred to a Memory
Stick device. It also discusses how to configure and program the Memory Stick
Host Controller module.

Universal Asynchronous Receiver/Transmitter 1 and 2 — Details the two
universal asynchronous receiver/transmitter (UART) ports that allow the
incorporation of serial communication in existing and new designs. Also
described are how data is transported in character blocks using the standard
“start-stop” format and details how to configure and program the UART modules.

Configurable Serial Peripheral Interface — Describes the features of the
MC68SZ328’s configurable serial peripheral interfaces and how they are used to
communicate with external devices.

USB Device Module — Describes the features and programming model of the
MC68SZ328’s USB device module.

I2C Module — Describes the MC68SZ328 I>C module, including I’C protocol,
clock synchronization, and the registers in the I>C programing mode.

Bootstrap Operation — Details the operation of bootstrap models and 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 controller.

In-Circuit Emulation — Describes the in-circuit emulation (ICE) module and
how it is used to support low-cost emulator designs for the MC68SZ328
microprocessor.

Reset Module — Provides a detailed description of the reset module and
associated timing and signals. The reset module processes of all of the system
reset signals required by the MC68SZ328.
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Chapter 26 ARElééttical ‘Characteristies = ContHids information abett the @fectrical
characteristics of the MC68SZ328 integrated processor.

Chapter 27 Mechanical Data and Ordering Information — Provides mechanical data,
including illustrations, and ordering information.

Suggested Reading

The following documents are required for a complete description of the MC68SZ328 and are necessary to
design properly with the device. Especially for those not familiar with the earlier DragonBall products or
the 68000 core, the following documents will be helpful when used in conjunction with this manual.

M68000 Family Programmer’s Reference Manual (order number M68000PM/AD)
M68000 User’s Manual (order number M68000UM/D)

M68000 User’s Manual Addendum (order number M68000UMAD/AD)
MCG68EZ328 User’s Manual (order number MC68EZ328UM/D)

MCG68EZ328 User’s Manual Addendum (order number MC68EZ328UMAD/D)
MC68VZ328 Product Brief (order number MC68VZ328P/D)

MC68VZ328 User’s Manual (order number MC68VZ328UM/D)

MC68VZ328 User’s Manual Addendum (order number MC68VZ328UMAD/D)
MC6857Z328 Product Brief (order number MC68SZ328P/D)

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

Conventions
This reference manual uses the following conventions:
+ OVERBAR is used to indicate a signal that is active when pulled low: for example, RESET.
* Logic level one is a voltage that corresponds to Boolean true (1) state.
*  Logic level zero is a voltage that corresponds to Boolean false (0) state.
* To set a bit or bits means to establish logic level one.
* To clear 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.
* A pinis 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.
— Active low 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.
— Active low signals change from logic level zero to logic level one.
— Active high signals change from logic level one to logic level zero.

*  LSB means least significant bit or bits, and MSB means most 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 sign ($) or Ox
are hexadecimal.
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The following list defines the acronyms and abbreviations used in this document.

BCD binary coded decimal

CGM clock generation module

DRAM dynamic RAM

FIFO first in first out

ICE in-circuit emulation

MAP mold array process

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

RTC real-time clock

SIM system integration module

SPI serial peripheral interface

SRAM static RAM

TQFP thin quad flat pack

UART universal asynchronous receiver/transmitter
XTAL crystal
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Chapter 1
Introduction

The MC68SZ2328 (DragonBall Super VZ) microprocessor, the fourth generation of the 68K-based
DragonBall family of products, is designed to save system designers time, power, and cost. Requiring less
board space, it allows for reduced pin count and fewer programming steps when designing products. The
major differences between previous versions of DragonBall processors and the new MC68SZ328 are an
improvement in system speed, TFT color LCD support, an A/D converter (with touch panel control), an
MMC/SD host controller, a DMA controller, embedded SRAM, a USB device controller, and an I2C
interface.

All these features combine to make the MC68SZ328 the microprocessor of choice among system
designers. Its functionality and glue logic are all optimally connected, timed with the same clock, fully
tested, and uniformly documented. The MC68SZ328’s primary package is a 196-pin MAP BGA designed
to occupy the smallest possible footprint on your board.

A summary of the MC68SZ328’s benefits includes the following:
*  Fourth generation of industry-leading DragonBall family for the personal, portable product market
* High level of system-function integration
* Low-power design combined with increased system performance

*  Wide variety of applications including the most popular PDA designs, smart phones, and
next-generation wireless communicators

MOTOROLA Introduction 1-1
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Figure 1-1 is a simplified functional block diagram of the MC68SZ328.
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B nherited from MC68VZ328

Figure 1-1. MC68SZ328 Functional Block Diagram

1.2 Features

The MC68SZ328 boasts a robust array of features that support a wide variety of applications. The features
of the MC68SZ328 include the following:
*  Static FLX68000 core—identical to MC68ECO000 microprocessor
— Full compatibility with MC68000 and MC68EC000

— 32-bit internal address bus and 16-bit data bus
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— Static design allows processor clock to be stopped for power saving
— 66.32 MHz processor clock
— External M68000 bus interface with selectable bus sizing for 8-bit and 16-bit data ports
*  Clock generation module (CGM) and power control module
— Digital PLLs (phase-locked loops) for all internal clock generation
— Dual crystal inputs:
— 32.768 kHz for DMA clock, CPU clock, system clock, and LCD clock generation

— Separate crystal input for USB clock generation
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Programmable processor clock frequency from DC to 66.32 MHz for different bandwidth
requirements

*  Chip-select module

12 chip-select signals: 10 general-purpose, programmable chip-select signals for external
devices with programmable wait state and base address; 1 signal to select eSRAM; 1 signal for
the emulation module.

Up to 32 Mbyte per chip-select (with a total of 4 Gbyte programmable space for address
mapping).

Each chip-select can be configured to address an 8-bit or 16-bit space. Both 8-bit and 16-bit
contiguous address memory devices can be mixed on a 16-bit data bus system.

Glueless interface to SRAM, EDO DRAM, SDRAM, EPROM, and flash memory.

e DRAM controller (DRAMC)

Two chip-select signals for supporting either SDRAM or EDO DRAM (self-refresh type only).

Each chip-select supports four banks of single data rate 64 Mbit, 128 Mbit, and 256 Mbit
SDRAM with up to four banks active simultaneously.

Support for 4 Mbit, 16 Mbit, and 64 Mbit self-refresh-type EDO DRAM with 8, 9, 10, and 11
column addresses.

Configurable row cycle delay (tRC), row precharge delay (tRP), row-to-column delay (tRCD),
and column-to-data delay (CAS latency).

Programmable refresh rate.
Data retention capability during normal system reset.
Support for power-down mode and self-refresh mode for SDRAM power saving.

Support for self-refresh mode for EDO DRAM power saving.

e Embedded SRAM (eSRAM)

100 kbyte general-purpose internal SRAM

* Direct memory access controller (DMAC)

Provides two memory-to-memory channels and four I/O-to-memory or memory-to-I/O
channels.

Supports 8-bit and 16-bit FIFO and memory port size for data transfer.
Supports modules shown in Table 1-1 on page 1-4.

Provides data transfer complete and error (burst time-out or request-out) interrupts to interrupt
controller. DMA burst length is configurable for each channel.

Provides bus utilization control for memory channels.

Generates DMA burst time-out error for both memory and I/O channels to terminate DMA
cycle when the burst cannot be completed in a programmed timing period.

Generates DMA request time-out error for I/O channels to interrupt 68K core when a DMA
request is not expected during a programmed timing period.

Supports repeat data transfer function.

Supports block transfer function to speed up display functions such as image block movement
in LCD display, retrieval of pre-store image pattern, and window effect.

Provides DMA_REQO and DMA_REQI, two external DMA request pins for external devices

MOTOROLA Introduction 1-3
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Table 1-1. Modules with DMA Support

Module DMA Capability

CSPI Yes
UART 1 and 2 Yes
uSB Yes
MMC/SD Yes
MSHC Yes

ASP Yes (enhanced ADC)
1°C No
PWM 1 and 2 No
Timer 1 and 2 No
RTC No
Bootstrap No

e« LCD controller (LCDC)

1-4

Support for single-screen (non-split), color or monochrome LCD panels and self-refresh-type
LCD panels

Panel sizes and summary of color and monochrome support are shown in Table 1-2 on page 1-5
and Table 1-3 on page 1-5

Support for 4 bpp (bits per pixel) and 8 bpp for passive color panels and support for 4 bpp,
8 bpp, 12 bpp, and 16 bpp for TFT panels

— Up to 256 colors from a palette of 4096 colors for 8 bpp displays

— Up to 4096 colors for 12 bpp displays

— True 64K colors for 16 bpp displays

16 simultaneous grayscale levels from a palette of 16 for monochrome displays

Standard panel interface for common LCD drivers; panel interface of 16-bit, 8-bit, 4-bit, 2-bit,
and 1-bit wide LCD panel data bus for monochrome or color panels

Glueless interface to passive and active color panel (TFT); direct interface to Sharp® 320 x 240
HR-TFT panel

Use of system memory and embedded SRAM for display memory

Hardware blinking cursor programmable at a maximum 61 x 61 pixels; support for logical
operation between color hardware cursor and background

Hardware panning (soft horizontal scrolling)

8-bit pulse-width modulator for software contrast control

MC68SZ328 Reference Manual MOTOROLA
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Panel Bits/ | Panelinterface | Number of Grayscale Max. Standard Panel
Type Pixel (Bits) Levels or Colors Size Supported (Pixels)’
Monoch 1 1,2,4,8 Black and white 640 x 480
rome
2 1,2,4,8 4 640 x 480
4 1,2,4,8 16 640 x 480
CSTN 4,8 8 16, 256 640 x 480
TFT 4,8 16 16, 256 640 x 480
12, 16 12,16 4096, 64K 640 x 480

1. The actual maximum panel size is constrained by system bandwidth use.

Table 1-3. eSRAM Used for Display Memory

Panel Bits/ | Panelinterface | Number of Grayscale Max. Standard Panel
Type Pixel (Bits) Levels or Colors Size Supported (Pixels)’
Monoch 1 1,2,4,8 Black and white 640 x 480
rome
2 1,2,4,8 4 640 x 480
4 1,2,4,8 16 320 x 240 or 240 x 320
CSTN 4,8 8 16, 256 320 x 240 or 240 x 320
TFT 4,8 16 16, 256 320 x 240 or 240 x 320
12,16 12,16 4096, 64K 240 x 160 or 160 x 240

1. The actual maximum panel size is constrained by the size of eSRAM.

*  Analog signal processing (ASP) module

Features

— ADC (16-bit resolution, 8-bit accuracy) with 3 inputs for touch panel and low voltage detect

— Enhanced ADC (16-bit resolution, 8-bit accuracy) for use as second ADC with DMA support

— Embedded touch panel circuitry

— Pen ADC that supports auto data sampling at a configured sample rate

— Interrupt-based operation with 12 x 16 FIFO for pen ADC sample data and two 8 x 16 FIFOs
for data for enhanced ADC

— Significantly reduced software overhead for pen input applications

— Low power management

e Timers

— Two identical 16-bit general-purpose timers/counters

— Capability to cascade timers together to operate as a single 32-bit timer

— Input capture capability with programmable trigger edge for interval measurement

— 15 ns resolution at 66.32 MHz system clock

— Timer input/output pin for event notification

MOTOROLA
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— 32.768 kHz clock input

— Full clock function: second, minute, hour, and day (up to 512 days)

— One programmable alarm with interrupt capability

— Sampling timer with selectable frequency (4 Hz, 8 Hz, 16 Hz, 32 Hz, 64 Hz, 256 Hz, 512 Hz)
and interrupt capability that can be used for digitizer sampling or keyboard debouncing

Watchdog timer (WD)

— Programmable watchdog interrupt or reset

Pulse-width modulation (PWM) modules

— 8-bit (PWM 1) and 16-bit (PWM 2) resolution

— 5-byte FIFO in 8-bit PWM 1 provides more flexibility on performance
— Capability to generate high quality sound, tone, or melody

Interrupt controller

— All interrupts are maskable.

— Interrupt level of all internal modules is configurable.

— Four dedicated external interrupt IRQ signals (defined interrupt level; programmable edge,
level, and polarity).

General-purpose I/O (GPIO) ports

— 93 total I/O ports in 12 groups with interrupt capability, all multiplexed with peripheral
functions.

— All ports are specially designed with dedicated internal pull-up and pull-down resistors.
Multimedia card and secure digital (MMC/SD) host controller

— Compatible with the MMC system specification version 2.2

— Compatible with the SD Memory Card specification 1.0

— Support for up to ten cards, one of which may be SD

— Password protection of cards

— Multi-SD function support

— Auto error detection for access CRC, response CRC, and time out

— Built-in 7 and 16 CRC generation and checking for command and data

— Built-in programmable frequency counter for MMC/SD host controller bus
— Maskable hardware interrupt for internal status and FIFO status indicator
— 16-bit internal data operation, 8 x 16-bit FIFO, and DMA interface

— Automatic operation pause when internal FIFO full, allowing flexible packet transaction for
dynamic DMA transfer

— Built-in 3-bit prescaler and 3-bit bus clock divider to maximize the performance of data
transaction between memory card and host

Memory Stick® host controller (MSHC)
— Built-in 8-byte (4-word) FIFO buffer for transmit and receive
— Built-in CRC circuit

MC68SZ328 Reference Manual MOTOROLA
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— Built-in Serial Clock Divider: maximum 33.16 MHz serial data transfer rate
— DMA supported; DMA request condition is selectable based upon FIFO status

— Automatic command execution when an interrupt from the Memory Stick is detected (can be
turned on/off)

— RDY time-out period can be set by the number of serial clock cycles

— Interrupt can also be output to the core when a time out occurs

— Two built-in general-purpose input pins for detecting Memory Stick insertion/extraction
— 16-bit host bus access (byte access not supported)

Universal asynchronous receiver/transmitters (UART')

— Two identical UARTSs with interrupt-based operation

— Support for serial data transmit/receive operation: 7 or 8 data bits, 1 or 2 stop bits,
programmable parity (even, odd, or none)

— Programmable standard baud rates up to 460.8 kbps

— Receive FIFO size is 32 bytes; transmit FIFO size is 32 bytes

— Both UARTSs IrDA 1.0 ready

— Maximum non-standard baud rate of 4.14 Mbps

— Flexible DMA burst access to both UART 1 and UART 2 FIFO architectures
Configurable serial peripheral interface (CSPI)

— Master/slave configurable

— 8 x 16 data-in FIFO and 8 x 16 data-out FIFO

— Flow control signals incorporated to enable fast data communication
Reset module

— Provides stable system power-on reset and normal reset

Bootstrap mode function

— Allows user to initialize system and download programs or data to system memory through
either UART

— Accepts execution command to run program stored in system memory

— Provides a 32-byte-long instruction buffer for 68000 instruction storage and execution
Universal Serial Bus (USB) device

— Compliant with Universal Serial Bus Specification revision 1.1.

— Endpoint configurations are as shown in Table 1-4 on page 1-8. Five pipes are available for
mapping.
— Endpoint 0 is required by the USB specification.
— Endpoints 1, 2, 3, and 4 may be configured as bulk or interrupt pipes (IN or OUT).

— A frame match interrupt feature is supported to notify the user when a specific USB frame
occurs. For DMA access, the maximum packet size for each endpoint is restricted by the FIFO
size of the endpoint.

— Four bulk/interrupt pipes are supported for 12 Mbps data transfer. The packet sizes are limited
to 8, 16, 32, or 64 bytes, and the maximum packet size depends on the FIFO size of endpoint.
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Remote wake-up feature is supported via a register bit.

Complete FIFO interrupts are provided (full, empty, error, high, low).

End-of-frame and start-of-frame interrupt support.

Full-speed (12 Mbps) operation.

Intelligence related to packet retries and data framing is built into the FIFO controller.

Table 1-4. Endpoint Configurations

Endpoint Direction Physical FIFO Size En_dpoin_t Maximum
(Bytes) Configuration Packet Size
0 IN and OUT 32 Control 16
1 IN or OUT 16 Bulk or interrupt 16
2 IN or OUT 16 Bulk or interrupt 16
3 IN or OUT 128 Bulk or interrupt 64
4 IN or OUT 128 Bulk or interrupt 64

Inter-IC (IC) bus module

Compliant with Philips I>C-bus standard (support for Standard-mode and Fast-mode)
Support for 7-bit address

Support for 3.0 V devices

Multiple-master operation

Software-programmable for 1 of 64 different serial clock frequencies
Software-selectable acknowledge bit

Interrupt-driven, byte-by-byte data transfer

Arbitration-lost interrupt with automatic mode switching from master to slave
Calling address identification interrupt

Start and stop signal generation and detection

Repeated START signal generation

Acknowledge bit generation and detection

Bus-busy detection

In-circuit emulation (ICE) module

Dedicated memory space for emulator debug monitor with chip-select
Dedicated interrupt (interrupt level 7) for in-circuit emulation

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

One breakpoint instruction insertion unit

Operating system frequency

Up to 66.32 MHz

MC68SZ328 Reference Manual
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— Internal: 1.8 V
— 1/0:277Vt033V
* Package type
— 196-pin MAP BGA
— Size: 12 mm x 12 mm

— Pitch size: 0.8 mm

1.3 DragonBall Series Comparison

The DragonBall Super VZ marks the fourth generation in the DragonBall series. Table 1-5 compares the
new processor with previous generations. The gray cells indicate the features that are available for the first
time on the MC68SZ328.

Table 1-5. DragonBall Series Comparison

Feature DragonBall DragonBall EZ DragonBall VZ DragonBall Super VZ
Core 68EC000 68EC000 FLX68000 FLX68000
LCD controller Up to 4 gray Up to 16 gray Up to 16 gray Up to 16 gray for monochrome
(1024 x 512) (320 x 240), (640 x 512) Up to 256 colors for passive
2 gray Up to 64K (16-bit) colors for
(640 x 512) active TFT
Chip-selects 16 8 (external), 8 (external), 10 (external), 1 (EMUCS),
1 (EMUCS) 1 (EMUCS) 1 (internal SRAM)
DRAM controller Not provided Provided Provided Provided
(supports (supports EDO DRAM and
SDRAM) SDRAM)
PLL and power Provided Provided Provided Provided
control (digital PLL)
Interrupt controller Provided Provided Provided Provided
Timers 2 1 2 2
RTC 1 Enhanced Enhanced Enhanced
(with sampling (with sampling (with sampling timer)
timer) timer)
SPI1 Master (SPIM) Master Master/slave Master/slave
SPI 2 Slave (SPIS) Not provided Master Not provided
UART (with 1 1 2 2
infrared interface)
16-bit PWM Provided Not provided Provided Provided
8-bit PWM Not provided Provided Provided Provided
ICE module Not provided Provided Provided Provided
Bootstrap Not provided Provided Provided Provided
GPIO 77 54 76 93
MOTOROLA Introduction 1-9
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Feature DragonBall DragonBall EZ DragonBall VZ DragonBall Super VZ
ASP Not provided Not provided Not provided Provided
(with touch panel control

circuitry)
MMC/SD host Not provided Not provided Not provided Provided
controller
Memory Stick host Not provided Not provided Not provided Provided
controller
DMA Not provided Not provided Not provided Provided
Embedded SRAM Not provided Not provided Not provided 100 kbyte
usB Not provided Not provided Not provided Provided
12c Not provided Not provided Not provided Provided
Speed Up to Upto 16.58 MHz | Up to 33.16 MHz Up to 66.32 MHz

16.58 MHz and 20 MHz
Voltage 3.0Vto36V 30Vto36V 27Vto33V 27Vto33V
45Vt055V
Packages 144-pin TQFP 100-pin TQFP, 144-pin TQFP, 196-pin MAP BGA
144-pin BGA 144-pin
MAP BGA
1-10 MC68SZ328 Reference Manual MOTOROLA
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Signal Descriptions

2.1 Signal Descriptions by Function

All of the interface signals, pin names, and descriptions used in the MC68SZ328 are listed in Table 2-1.

Table 2-1. MC68SZ328 Signal Name Descriptions

Signal Name Pin Name Description
Address Bus Signals
A0 PG1/A0/MAO Address bits 9-0, mux with multiplexed DRAM
A[9:1/MA[9:1] A[9:1/MA[9:1] row/column address MA[9:0]
A[15:10] A[15:10] Address bits 15-10.
A16 A16/SDBIA9 Address bit 16, mux with multiplexed SDRAM interleaved
mode A9.
A[24:17] A[19:17] Address bits 24-19
PF[6:3])/A[23:20]
PE2/A24
Data Bus Signals
D[15:0] D[15:0] Data bits 15-0
Bus Control Signals
BUSW PGO/BUSW/DTACK Bus width selection of boot chip-select signal.
DTACK PGO/BUSW/DTACK Data transfer acknowledge
LWE LWE/LB Lower write enable
UWE UWE/UB Upper write enable
OE OE Output enable
R/W PK1/RW Read/write signal from internal FLX68000 core
uDs PB2/CSC0/UDS Upper data strobe signal from internal FLX68000 core
LDS PB3/CSC1/LDS Lower data strobe signal from internal FLX68000 core
MOTOROLA Signal Descriptions 2-1

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




ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

ignal Descriptions

Freescale Semiconductor, Inc.

Tabl&2-1.l VMC68SZ328-Sighal Namé-Descriptions (Continued)005

Signal Name Pin Name Description
Clock Generation Module and Power Controller Module (CGM)

CLK1el CLK16l 16 MHz crystal input, or 16 MHz oscillator input when
internal oscillator circuit is bypassed.

CLK160 CLK160 16 MHz crystal output

CLK32I CLK32I 32.768 kHz low frequency crystal input pin. Equivalent to
EXTAL pin in MC68VZ328.

CLK320 CLK320 32.768 kHz low frequency crystal output pin.Equivalent
to XTAL pin in MC68VZ328.

CLKO PF2/CLKO Clock output signal from SYSCLK, CPUCLK, DMACLK,
USB-CLK, USBPLL, MCUPLL or PREMUL clock.

Chip-Select Module

CSA0 CSA0 Chip-select A bit 0

CSA1 PF7/CSA1 Chip-select A bit 1

CSB0 PB0/CSBO Chip-select B bit 0

CSB1 PB1/CSB1 Chip-select B bit 1

CSCo PB2/CSC0/UDS Chip-select C bit 0

CSsC1 PB3/CSC1/LDS Chip-select C bit 1

CSDOo PB4/CSDO/DMA_REQO Chip-select D bit 0

CSD1 PB5/CSD1/DMA_REQ1 Chip-select D bit 1

CSE/SDCS0/RAS0O PG6/CSE/SDCS0/RASO Chip-select E, mux with DRAM signals

CSF/SDCS1/RAS1 PG7/CSF/SDCS1/RAS1 Chip-select F, mux with DRAM signals

DRAM Controller

SDCSO0/RASO PG6/CSE/SDCS0/RASO SDRAM chip-select or EDO DRAM RAS signal

SDCS1/RAST PG7/CSF/SDCS1/RASH SDRAM chip-select or EDO DRAM RAS signal

SDRAS/CASO PK2/SDRAS/CASO SDRAM CAS signal or EDO DRAM CASO signal

SDCAS/CAS1 PK3/SDCAS/CAS1 SDRAM CAS signal or EDO DRAM CAS1 signal

SDWE/DWE PM4/SDWE/DWE SDRAM WE signal or EDO DRAM WE signall

SDCLKEO/DOE PM1/SDCLKEO/DOE SDRAM clock enable 0 or EDO DRAM OE signal

SDCLKE1 PM5/SDCLKE1 SDRAM clock enable 1 only

SDCLK SDCLK SDRAM clock

DQM[1:0] PM[3:2//DQM[1:0] SDRAM output enable and write mask
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Signal Name Pin Name Description
A[9:0/MA[9:0] PG1/A0/MAOQ Multiplexed DRAM row/column address MA[9:1], mux
A[9:1)/MA[9:1] with address bits 9-1.
MA[11:10] PM[7:6]/MA[11:10] Multiplexed ROW/COL address, not mux with any
system address line.
A[15:10] A[15:10] Address bits 15—-10.
A16 A16/SDBIA9 Address bit 16, mux with multiplexed SDRAM interleaved
mode A9.
A[24:17] A[19:17] Address bits 24-19
PF[6:3]/A[23:20]
PE2/A24
D[15:0] D[15:0] SDRAM data bus, using system data bus.
DMA Controller (DMAC)
DMA_REQO PB4/CSDO/DMA_REQO DMA channel 0 request pin.
DMA_REQ1 PB5/CSD1/DMA_REQ1 DMA channel 1 request pin.
LCD Controller (LCDC)
LD[15:0] PC[3:0)/LD[3:0] LCD data bus least significant bit (support only up to
PK[7:4]/LD[7:4] 5x6x5). All LCD signals are driving low after reset and
PP[7:0)/LD[15:8] when LCD is off.
FLM/VSYNC PC4/FLM/VSYNC Frame sync or Vsync
LP/HSYNC PC5/LP/HSYNC Line pulse or Hsync
SCLK PC6/SCLK Shift clock
ACD/OE PC7/ACD/OE Alternate crystal direction or LCD OE signal
LCONTRAST PFO/LCONTRAST This signal is used to control the LCD bias voltage as
contrast control
SPL/SPR PDO/SPL/SPR Program horizontal scan direction (sharp panel)
PS PD1/PS Control signal output for source driver (sharp panel)
CLS PD2/CLS Start signal output for gate driver. This signal is inverted
version of PS. (sharp)
REV PD3/REV Signal for common electrode driving signal preparation.
(sharp)
Analog Signal Processor (ASP)
uIP Uip Analog U input (for low voltage, temperature
measurement, etc.)
UIN Uin Analog U reference
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Signal Name Pin Name Description
PX1 Px1 Touch panel x-axis analog input
PX2 Px2 Touch panel x-axis analog reference
PY1 Py1 Touch panel y-axis analog input
PY2 Py2 Touch panel y-axis analog reference
R1A R1a Reference resistor Rp1 terminal
R1B R1b Reference resistor Rp1 terminal
R2A R2a Reference resistor Rp2 terminal
R2B R2b Reference resistor Rp2 terminal
RVM RVM Reference resistor Rref1 terminal
RVP RVP Reference resistor Rref1 terminal
EADCP EADCP Positive enhanced ADC analog input
EADCN EADCN Negative enhanced ADC analog input
REF1 Ref1 Positive reference
REF2 Ref2 Negative reference
RBGP RbgP Positive bandgap reference
RBGN RbgN Negative bandgap reference
General-Purpose Timers 1 and 2
TIN/TOUT PB6/TIN/TOUT Input capture or output compare of Timers 1 and 2
TIN2/TOUT2 PF1/TIN2/TOUT2 Input capture or output compare of Timer 2
Pulse-Width Modulators 1 and 2 (PWM 1 and 2)
PWMO1 PB7/PWMO1 PWM OUTPUT1
PWMO2 PKO/DATA_READY/PWMO2 PWM OUTPUT2
Interrupt Controller
IRQ1 PD4/IRQ1 Dedicated external interrupt pins (level 1)
IRQ2 PD5/IRQ2 Dedicated external interrupt pins (level 2)
IRQ3 PD6/IRQ3 Dedicated external interrupt pins (level 3)
IRQ6 PD7/IRQ6 Dedicated external interrupt pins (level 6)
EMUIRQ PG2/EMUIRQ Level 7 interrupt pin or EMUIRQ pin for ICEM
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Signal Name Pin Name Description
1/0 Ports
PB[7:0] PB[7:0]/... Bits 7-0 of PORT B
PC[7:0] PCI[7:0)/... Bits 7-0 of PORT C
PD[7:0] PD[7:0J/... Bits 7-0 of PORT D
PE[7:0] PE[7:0]... Bits 7-0 of PORT E
PF[7:0] PF[7:0J/... Bits 7—0 of PORT F
PG[7:0] PG[7:0]... Bits 7-0 of PORT G
PJ[7:0] PJ[7:0)/... Bits 7—0 of PORT J
PK[7:0] PK[7:0V... Bits 7-0 of PORT K
PM[7:1] PM[7:1]/... Bits 7—1 of PORT M
PN[7:0] PN[7:0Y/... Bits 7-0 of PORT N
PP[7:0] PP[7:0)... Bits 7—-0 of PORT P
PR[5:0] PR[5:0Y... Bits 5-0 of PORT R
Multimedia Card/Secure Digital Host Controller (MMC/SD)
MMCSD_CLK PRO/MMCSD_CLK/ MS_SDIO | MMCSD Output Clock
MMCSD_CMD PR1/MMCSD_CMD/MS_PIO MMCSD Command

MMCSD_DATI[0]

PR2/MMCSD_DAT[0}/MS_BS

MMCSD Data0

MMCSD_DATI[1]

PR3/MMCSD_DAT[1}/MS_PI1

MMCSD Data1

MMCSD_DATI[2]

PR4/MMCSD_DAT[2)/MS_SCL
Ki

MMCSD Data2

MMCSD_DATI3]

PR5/MMCSD_DAT[3/MS_SCL
KO

MMCSD Data3

Universal Asynchronous Receiver/Transmitter 1 (UART1)

RXD1 PE4/RXD1 UART 1 receive data
TXD1 PE5/TXD1 UART 1 transmit data
RTS1 PE6/RTS1 UART 1 request to send
CTS1 PE7/CTS1 UART 1 clear to send
UCLK PE3/UCLK UART 1 and 2 baud clock input and output
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Signal Name Pin Name Description
Universal Asynchronous Receiver/Transmitter 2 (UART2)

RXD2 PJ4/RXD2 UART 2 receive data
TXD2 PJ5/TXD2 UART 2 transmit data
RTS2 PJ6/RTS2 UART 2 request to send
CTS2 PJ7/CTS2 UART 2 clear to send

Configurable Serial Peripheral Interface (CSPI)
MOSI PJO/MOSI Master out/slave in.
MISO PJ1/MISO Slave in/master out.
SPICLK PJ2/SPICLK Serial clock
SS PJ3/SS CSPI slave select
DATA_READY PKO/DATA_READY/PWMO2 CSPI data ready

USB Device Controller

USBD_AFE PNO/USBD_AFE Analogue front-end enable.
USBD_ROE PN1/USBD_ROE Reverse output enable.
USBD_VMO PN2/USBD_VMO USB module data output.
USBD_VPO PN3/USBD_VPO USB module data output.

USBD_SUSPND

PN4/USBD_SUSPND

Transceiver suspend enable.

USBD_RCV PN5/USBD_RCV USB module receive data.
USBD_VP PN6/USBD_VP Input D+ signal connected directly to the D+.
USBD_VM PN7/USBD_VM Input D- signal connected directly to the D-.
1’c
SCL PEO/SDA Serial clock
SDA PE1/SCL Serial data
Reset and Boot Mode Select
PWR_RST PWR_RST Power up reset pin (cold reset)
RST RST Normal reset pin (hot reset)
BSTO BSTO Boot mode select 0
BST1 BST1 Boot mode select 1
2-6 MC68SZ328 Reference Manual MOTOROLA
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Signal Name Pin Name Description

BST2 BST2 Boot mode select 2
In-Circuit Emulation Module
EMUIRQ PG2/EMUIRQ Emulator interrupt request (level 7)
P/D PG3/ P/D Program/data
EMUCS PG4/EMUCS Emulator chip-select (8-bit data bus width)
EMUBRK PG5/EMUBRK Emulator breakpoint
Voltage Regulator

QvVDD QvVDD This is the output of the voltage regulator which should

have an external capacitor tied to ground.

Power and G

round Signals

NVDD1, NVDD2,
NVDD3

NVDD1, NVDD2, NVDD3

External power supply to drive all I/O pins

NVSS1, NVSS2,
NVSS3

NVSS1, NVSS2, NVSS3

Signal return pin for digital circuits

AVDD AVDD Quiet analog supply for internal voltage regulator.
AVSS AVSS Quiet system ground
Test Pins
TPO TPO Test pin0 (disable Internal Voltage Regulator)
TP1 TP1 Test pin1 (bypass MCUPLL)
Memory Stick Host Controller (MSHC)

MS_SDIO PRO/MMCSD_CLK/ MS_SDIO | Memory Stick Serial Data
MS_PIO PR1/MMCSD_CMD/MS_PIO Memory Stick General Purpose Input 0.
MS_BS PR2/MMCSD_DAT[0/MS_BS Memory Stick Bus State.
MS_PHH PR3/MMCSD_DAT[1)/MS_PIH Memory Stick General Purpose Input 1.
MS_SCLKI PR4/MMCSD_DAT[2)/MS_SCL | Memory Stick External Clock (Input).

Kl
MS_SCLKO PR5/MMCSD_DAT[3)/MS_SCL | Memory Stick Serial Clock (Output).

KO
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Chapter 3
FLX68000 Core

The FLX68000 core in the MC68SZ328 is an updated implementation of the 68000 32-bit microprocessor
architecture. The features of the FLX68000 core are:

* Low-power, fully static HCMOS implementation

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

» Sixteen 32-bit data and address registers

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

* Seven priority levels for interrupt control

The FLX68000 core is completely code compatible with other members of the M68000 family, enabling
access to a broad base of established real-time kernels, operating systems, languages, applications, and
development tools.

3.1 Core Programming Model

The FLX68000 core has 32-bit registers and a 32-bit program counter, as shown in Figure 3-1. The first
eight registers (D7-D0) are data registers that are used for byte (8-bit), word (16-bit), and long-word
(32-bit) operations. When used to manipulate data, the data registers affect the status register (SR). The
next seven registers (A6—A0Q) 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-word operations, but they do not
affect the status register. The D7-D0 and A6—AO registers can be used as index registers.

MOTOROLA FLX68000 Core 3-1
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31 1615 8 7 0

DO
D1
D2
D3
D4
D5
D6
D7

Data Registers

31 1615 0

A0
A1l
A2
A3 Address Registers
A4
A5
A6

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

31
| | PC Program Counter

7 0

|:| SR Status Register

Figure 3-1. 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 3-2.

31 16 15 0
| | A7 (SSP) Supervisor Stack Pointer

15 87 0
| | SR Status Register

Figure 3-2. Supervisor Programming Model Supplement

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

3.2 Data and Address Modes

The FLX68000 core supports five types of data and 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 3-1.

Table 3-1. Address Modes

Address Mode Syntax
Register direct address
* Data register direct Dn
e Address register direct An
3-2 MC68SZ328 Reference Manual MOTOROLA
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Address Mode Syntax
Absolute data address
* Absolute short xxxX.W
* Absolute long XXX.L
Program counter relative address
* Relative with offset d46(PC)
¢ Relative with index offset dg(PC, Xn)
Register indirect address
* Register indirect (An)
e 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
* Immediate #XXX
* Quick immediate #1-#8
Implied address
* Implied register SR/USP/SP/PC
Notes:
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)
dqg = 16-bit offset (displacement)
#xxx = Immediate data

3.3 FLX68000 Instruction Set

The FLX68000 core 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, data types, and address modes provides access to over 1,000 possible
instructions. These instructions, shown in Table 3-2 on page 3-3, include signed and unsigned multiply and
divide, quick arithmetic operations, binary-coded decimal (BCD) arithmetic, and expanded operations

(through traps).
Table 3-2. Instruction Set
Mnemonic Description Mnemonic Description
ABCD Add decimal with extend MOVEM Move multiple registers
ADD Add MOVEP Move peripheral data
MOTOROLA FLX68000 Core 3-3
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Mnemonic Description Mnemonic Description
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 MOVE to 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
EORI Exclusive OR immediate STOP Stop
EORIto CCR | Exclusive OR immediate to condition codes || SUB Subtract
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Mnemonic Description Mnemonic Description
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
MOTOROLA FLX68000 Core 3-5
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Chapter 4
Memory Map

This chapter describes the MC68SZ328 memory map, which serves as a guide to all on-chip resources.

When configuring the MC68SZ328, refer to Figure 4-1 and Table 4-1 on page 4-2, which is sorted by
address.

Supervisor Memory Map User's Memory Map
0x00000000 i
System Memory System Memory
0xFFFC0000 - 5 — EMU_CS_spEEe_ - — — — $ ————————————
oxrroFrre Y| (for Emulatormonitor)
OxFFFE0000 MC68SZ328 Reserved
Register
OXFFFFFODff |
OXFFFFFFO0 Bootstra
OXFFFFFff P
Figure 4-1. MC68SZ328 System Memory Map
MOTOROLA Memory Map
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On reset (double mapped bit set) the base address used in the table is OXFFFFF000 (or 0xXXFFF000,
where XX is “don’t care”). If the double-mapped bit is cleared in the System Control register, then the base
address is OxFFFFF000 only. Registers that can be reset by Normal Resets means that they can be reset by
either a Power Up Reset or a Normal Reset. A Power Up Reset means that they can be reset by a Power Up
Reset only.

NOTE:

Unpredictable results may occur if users write to any register space not
documented in Table 4-1.

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Table 4-1. Programmer’s Memory Map (Sorted by Address)

Address Name Width Description Reset Value | Page R(le)?et
OxFFFE0000 DCR 16 DMA Control Register 0x0000 9-6 Normal
Reset
OXFFFE0002 DTSR 16 DMA Transfer Status 0x0000 9-6 Normal
Register Reset
OxFFFE0004 DIMR 16 DMA Interrupt Mask 0x003F 9-7 Normal
Register Reset
OxFFFE0006 DBTOSR 16 DMA Burst _Time-Out 0x0000 9-8 Normal
Status Register Reset
DRTOSR 16 DMA Request 0x0000 9-9 Normal
O0xFFFE0008 Time-Out Status Reset
Register
O0xFFFEOO0OA - Reserved -
0xFFFE000C - Reserved -
OXFFFEOOOE DBTOCR 16 DMA Burst Tlme-Out 0x0000 9-9 Normal
Control Register Reset
0xFFFEO0010-03F - Reserved -
MSARO 32 Memory Channel 0 0x00000000 9-11 Normal
0xFFFE0040 Source Address Reset
Register
MDARO 32 Memory Channel 0 0x00000000 9-12 | Normal
O0xFFFE0044 Destination Address Reset
Register
OxFFFE0048 MCNTRO 32 Memory Cr_lannel 0 0x00000000 9-13 | Normal
Count Register Reset
OXFFFE004C MCRO 16 Memory Chgnnel 0 0x0000 9-14 | Normal
Control Register Reset
MBLRO 16 Memory Channel 0 0x0000 9-15 | Normal
OxFFFE004E Burst Length Register Reset
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Table 4-A\R Prégtammet’s Mehiory Map {Sofed by Address), (Continied)

%@rammer’s Memory Map

Address Name Width Description Reset Value | Page Rf;et
MBUCRO 16 Memory Channel 0 Bus 0x0000 9-16 | Normal
0xFFFE0050 Utilization Control Reset
Register
BLRO 16 Memory Channel 0 0x0000 9-17 | Normal
OxFFFE0052 Block Length Register Reset
SBSDRO0 16 Memory Channel 0 0x0000 9-17 | Normal
OXFFFE0054 Source .Blockl Reset
Separation Distance
Register
MRTORO 16 Memory Channel O 0x0000 9-18 | Normal
0xFFFE0056 DMA Request Reset
Time-Out Register
DBSDRO 16 Memory Channel O 0x0000 9-19 | Normal
OxFFFE0058 Destmat_lon B.Iock Reset
Separation Distance
Register
0xFFFEO005A-07F - Reserved -
MSAR1 32 Memory Channel 1 0x00000000 9-20 | Normal
0xFFFE0080 Source Address Reset
Register
MDAR1 32 Memory Channel 1 0x00000000 9-21 Normal
O0xFFFE0084 Destination Address Reset
Register
OXFFFE0088 MCNTR1 32 Memory Channel 1 0x00000000 9-22 | Normal
Count Register Reset
OXFFFE008C MCR1 16 Memory Chgnnel 1 0x0000 9-23 | Normal
Control Register Reset
MBLR1 16 Memory Channel 1 0x0000 9-25 | Normal
OxFFFE00BE Burst Length Register Reset
MBUCRH1 16 Memory Channel 1 Bus 0x0000 9-16 | Normal
0xFFFE0090 Utilization Control Reset
Register
BLR1 16 Memory Channel 1 0x0000 9-17 | Normal
OxFFFE0092 Block Length Register Reset
SBSDR1 16 Memory Channel 1 0x0000 9-17 | Normal
OxFFFE0094 Source .Blockl Reset
Separation Distance
Register
MRTOR1 16 Memory Channel 1 0x0000 9-27 | Normal
0xFFFE0096 DMA Request Reset
Time-Out Register
MOTOROLA Memory Map 4-3
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Table 4-A\R Prégtammet’s Mehiory Map {Sofed by Address), (Continied)

Address Name Width Description Reset Value | Page Rf;et

DBSDR1 16 Memory Channel 1 0x0000 9-19 | Normal

OxFFFE0098 Destlnat_lon B.Iock Reset

Separation Distance
Register
OxFFFEO09A-0BF - Reserved - t

OXFFFE00CO IMAR2 32 I/O Channel 2 Memory 0x00000000 9-20 | Normal

Address Register Reset

IPAR2 32 I/0O Channel 2 0x00000000 9-21 Normal

0xFFFEO00C4 Peripheral Address Reset
Register

OXFFFE00CS ICNTR2 32 1/0 Qhannel 2 Count 0x00000000 9-22 | Normal

Register Reset

OxFFFE00CC ICR2 16 /0 Qhannel 2 Control 0x0000 9-14 | Normal

Register Reset

OXFFFEOOCE IRSSR2 16 1/0 Channel 2 Reqyest 0x0000 9-25 | Normal

Source Select Register Reset

OxFFFE00DO IBLR2 16 I/0 Channe! 2 Burst 0x0000 9-25 | Normal

Length Register Reset

IRTOR2 16 I/0 Channel 2 DMA 0x0000 9-27 | Normal

OxFFFEOOD2 Request Time-Out Reset
Register

OxFFFE00D4-0FF - Reserved 0X0

OXFFFE0100 IMAR3 32 I/O Channel 3 Memory 0x00000000 9-20 | Normal

Address Register Reset

IPAR3 32 I/O Channel 3 0x00000000 9-21 Normal

OxFFFE0104 Peripheral Address Reset
Register

OxFFFE0108 ICNTR3 32 /0 (;hannel 3 Count 0x00000000 9-22 | Normal

Register Reset

OXFFFE010C ICR3 16 /0 Qhannel 3 Control 0x0000 9-23 | Normal

Register Reset

OXFFFEO10E IRSSR3 16 1/0 Channel 3 Reqyest 0x0000 9-25 | Normal

Source Select Register Reset

OxFFFE0110 IBLR3 16 I/0 Channe! 3 Burst 0x0000 9-25 | Normal

Length Register Reset

IRTOR3 16 1/0 Channel 3 DMA 0x0000 9-27 | Normal

OxFFFEO0112 Request Time-Out Reset
Register

4-4 MC68SZ328 Reference Manual MOTOROLA

For More Information On This Product,

Go to: www.freescale.com




ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale Semiconductor, |IB

Table 4-A\R Prégtammet’s Mehiory Map {Sofed by Address), (Continied)

%@rammer’s Memory Map

For More Information On This Product,

Go to: www.freescale.com

Address Name Width Description Reset Value | Page Rf;et
OXFFFE0114-13F - Reserved 0X0
OxFFFE0140 IMAR4 32 I/O Channel 4 Memory 0x00000000 9-20 | Normal
Address Register Reset
IPAR4 32 I/O Channel 4 0x00000000 9-21 | Normal
OxFFFEO0144 Peripheral Address Reset
Register
OXFFFE0148 ICNTR4 32 I/0 Qhannel 4 Count 0x00000000 9-22 | Normal
Register Reset
OXxFFFE014C ICR4 16 /0 Qhannel 4 Control 0x0000 9-23 | Normal
Register Reset
OXFFFEQ14E IRSSR4 16 1/0 Channel 4 Reqyest 0x0000 9-25 | Normal
Source Select Register Reset
OXFFFE0150 IBLR4 16 I/O Channe! 4 Burst 0x0000 9-25 | Normal
Length Register Reset
IRTOR4 16 I/O Channel 4 DMA 0x0000 9-27 | Normal
OxFFFEO0152 Request Time-Out Reset
Register
OxFFFE0154-17F - Reserved 0X0
OxFFFE0180 IMAR5 32 I/O Channel 5 Memory 0x00000000 9-20 | Normal
Address Register Reset
IPAR5 32 I/O Channel 5 0x00000000 9-21 | Normal
OxFFFEO0184 Peripheral Address Reset
Register
OxFFFE0188 ICNTR5 32 /0 Qhannel 5 Count 0x00000000 9-22 | Normal
Register Reset
OXFFFE018C ICR5 16 I/0 Qhannel 5 Control 0x0000 9-23 | Normal
Register Reset
OXFFFEO18E IRSSR5 16 I/O Channel 5 Rquest 0x0000 9-25 | Normal
Source Select Register Reset
OxFFFE0190 IBLR5 16 I/O Channe[ 5 Burst 0x0000 9-25 | Normal
Length Register Reset
IRTOR5 16 I/O Channel 5 DMA 0x0000 9-27 | Normal
OxFFFEO0192 Request Time-Out Reset
Register
OXFFFE0194-1FF - | Reserved 0X0
OxFFFE0200 ASP_PADFIFO 32 Pen.SampIe FIFO 0x00000000 | 11-19 | Normal
Register Reset
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OxFFFE0204 ASP_EADFIFO 32 Enh_anced ADC 0x00000000 | 11-20 | Normal
Register Reset
ASP_EADCOEF 32 Enhanced ADC FIR 0x00000000 | 11-20 | Normal
0xFFFE020C Coefficients RAM Reset
Register
OXFFFE0210 ASP_ACNTLCR 32 ASP Control Register 0x03040000 | 11-12 | Normal
Reset
OxFFFE0214 ASP_PSMPLRG 32 Pen ADC Se_1mp|e Rate 0x00000000 | 11-14 | Normal
Control Register Reset
OXFFFE0218 ASP_ICNTLR 32 Inter.rupt Control 0x00000000 | 11-16 | Normal
Register Reset
OXFFFE021C ASP_ISTATR 32 Inte.rrupt/Error Status 0x00000000 11-17 | Normal
Register Reset
OxFFFE0220 ASP_EADGAIN 32 Enhgnced ADC Control 0x00000000 | 11-20 | Normal
Register Reset
OXFFFE0226 - - Resgrved .(Do not write -
to this register.)
OXFFFE022C ASP_CLKDIVO 32 Clock Divide Register 0x00000000 | 11-21 | Normal
Reset
OxFFFE0230 ASPCMPCNTL 32 Compare Control 0x00000000 | 11-15 | Normal
register Reset
OxFFFE0300 STR_STP_CLK 16 MMQ/SD Clock Control 0x0000 17-25 | Normal
Register Reset
OxFFFE0304 STATUS 16 MMQ/SD Status 0x0000 17-26 | Normal
Register Reset
OxFFFE0308 CLK_RATE 16 MMQ/SD Clock Rate 0x0036 17-28 | Normal
Register Reset
0xFFFE030C - - Reserved -
CMD_DAT_CONT 16 MMC/SD Command 0x0000 17-29 | Normal
OxFFFE0310 and Data Control Reset
Register
OXFFFE0314 RES_TO 16 MMC/SD Response 0x0040 17-30 | Normal
Time Out Register Reset
OxFFFE0318 READ_TO 16 MMC/SI? Read Time OxFFFF 17-31 | Normal
Out Register Reset
OXFFFE031C BLK_LEN 16 MMQ/SD Block Length 0x0000 17-31 | Normal
Register Reset
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OxFFFE0320 NOB 16 MMC/SD N_umber of 0x0000 17-32 | Normal
Blocks Register Reset
OXFFFE0324 REV_NO 16 MMC/SD Rey|3|on 0x0380 17-32 | Normal
Number Register Reset
OxFFFE0326 - - Reserved -
OxFFFE0328 INT_MASK 16 MMC/SD Ilnterrupt 0x0000 17-33 | Normal
Mask Register Reset
OXFFFE032C CMD 16 MMC/SD Command 0x0000 17-33 | Normal
Number Register Reset
OXFFFE0330 ARGUMENTH 16 MMC/SD nghgr 0x0000 17-34 | Normal
Argument Register Reset
OxFFFE0332 ARGUMENTL 16 MMC/SD Lowgr 0x0000 17-34 | Normal
Argument Register Reset
RES_FIFO 16 MMC/SD Response 0x0000 17-34 | Normal
OxFFFE0334 FIFO Register Reset
OXFFFE0338 BUFFER_ACCESS 16 MMQ/SD Buffer Access OXXXXX 17-35 | Normal
Register Reset
OXFFFE033C BUF_PART_FULL 16 MMC/SD_ Buffer Part 0x0000 17-35 | Normal
Full Register Reset
OxFFFE0400 USB_FRAME 32 USB Frame Number 0x00000000 | 21-12 | Normal
and Match Register Reset
USB_SPEC 32 uSB 0x00001010 | 21-13 | Normal
O0xFFFE0404 Specification/Release Reset
Number Register
OxFFFE0408 USB_STAT 32 USB Status Register 0x00000000 | 21-13 | Normal
Reset
OXFFFE040C USB_CTRL 32 USB Control Register 0x00000010 | 21-14 | Normal
Reset
OxFFFE0410 USB_CFGSTAT 32 uUSB Conflguratlon 0x80000000 | 21-16 | Normal
Status Register Reset
OXFFFE0414 USB_DDAT 32 uUSB Endpomt Buffer 0x000000XX | 21-17 | Normal
Data Register Reset
OxFFFE0418 USB_GEN_ISR 32 USB Gener'al Interrupt 0x00000000 | 21-18 | Normal
Status Register Reset
OXFEFE041C USB_MASK 32 USB Gengral Interrupt 0x800000FF | 21-20 | Normal
Mask Register Reset
OxFFFE0420 RESERVED 32 Reserved - -
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OxFFFE0424 USB_ENAB 32 USB Enable Register 0x00000000 | 21-21 | Normal
Reset
OXFFFE0428 USB_ISR 32 USB Interrupt Status 0x00000000 | 21-22 | Normal
Register Reset
OxFFFE042C RESERVED 32 Reserved - -
OxFFFE0430 USB_EPO_STATCR 32 USB Endpoint 0 _ 0x00000000 | 21-23 | Normal
Status/Control Register Reset
USB_EPO_ISR 32 USB Endpoint 0 0x00000080 | 21-24 | Normal
OxFFFE0434 Interrupt Status Reset
Register
OxFFFE0438 USB_EP0_MASK 32 USB Endpoint 0 . 0x000001FF | 21-26 | Normal
Interrupt Mask Register Reset
OxFFFE043C USB_EPO_FDAT 16 uSB Endpomt 0 FIFO 0x0000 21-27 | Normal
Data Register Reset
OxFFFE0440 USB_EPO_FSTAT 32 uSB Endpqlnt 0 FIFO 0x00010000 | 21-28 | Normal
Status Register Reset
OxFFFE0444 USB_EPO_FCTRL 32 USB Endp0|'nt 0 FIFO 0x01000000 | 21-31 | Normal
Control Register Reset
USB_EPO_LRFP 32 USB Endpoint 0 FIFO 0x00000000 | 21-32 | Normal
OxFFFE0448 Last Read Frame Reset
Pointer Register
USB_EPO_LWFP 32 USB Endpoint 0 FIFO 0x00000000 | 21-33 | Normal
O0xFFFE044C Last Write Frame Reset
Pointer
OxFFFE0450 USB_EPO_FALRM 32 uSB Endp_omt 0 FIFO 0x00000000 | 21-34 | Normal
Alarm Register Reset
OXFFFE0454 USB_EPO_FRDP 32 uSB Enc!pomt 0 F.IFO 0x00000000 | 21-35 | Normal
Read Pointer Register Reset
OXFFFE0458 USB_EPO_FWRP 32 US.B Enqpomt 0 F.I FO 0x00000000 | 21-36 | Normal
Write Pointer Register Reset
0xFFFE045C RESERVED 32 Reserved - -
OxFFFE0460 USB_EP1_STATCR 32 USB Endpoint 1 . 0x00000000 | 21-23 | Normal
Status/Control Register Reset
USB_EP1_ISR 32 USB Endpoint 1 0x00000080 | 21-24 | Normal
O0xFFFE0464 Interrupt Status Reset
Register
OxFFFE0468 USB_EP1_MASK 32 USB Endpoint 1 _ 0x000001FF | 21-26 | Normal
Interrupt Mask Register Reset
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OXFFFE046C USB_EP1_FDAT 16 uSB Endpomt 1 FIFO 0x0000 21-27 | Normal
Data Register Reset
OXFFFE0470 USB_EP1_FSTAT 32 uSB Endpqlnt 1 FIFO 0x00010000 | 21-28 | Normal
Status Register Reset
OXFFFE0474 USB_EP1_FCTRL 32 usB Endp0|_nt 1 FIFO 0x01000000 | 21-31 | Normal
Control Register Reset
USB_EP1_LRFP 32 USB Endpoint 1 FIFO 0x00000000 | 21-32 | Normal
OxFFFE0478 Last Read Frame Reset
Pointer Register
USB_EP1_LWFP 32 USB Endpoint 1 FIFO 0x00000000 | 21-33 | Normal
OxFFFE047C Last Write Frame Reset
Pointer Register
OXFFFE0480 USB_EP1_FALRM 32 uSB Endpqlnt 1 FIFO 0x00000000 | 21-34 | Normal
Alarm Register Reset
OxFFFE0484 USB_EP1_FRDP 32 usB Enqpomt 1 F.IFO 0x00000000 | 21-35 | Normal
Read Pointer Register Reset
OxFFFE0488 USB_EP1_FWRP 32 US.B EnQp0|nt 1 F.I FO 0x00000000 | 21-36 | Normal
Write Pointer Register Reset
OxFFFE048C RESERVED 32 Reserved -
OXFFFE0490 USB_EP2_STATCR 32 USB Endpoint 2 . 0x00000000 | 21-23 | Normal
Status/Control Register Reset
USB_EP2_ISR 32 USB Endpoint 2 0x00000080 | 21-24 | Normal
O0xFFFE0494 Interrupt Status Reset
Register
OxFFFE0498 USB_EP2_MASK 32 USB Endpoint 2 _ 0x000001FF | 21-26 | Normal
Interrupt Mask Register Reset
OXFFFE049C USB_EP2_FDAT 16 USB Endpomt 2 FIFO 0x0000 21-27 | Normal
Data Register Reset
OXFFFEO4A0 USB_EP2_FSTAT 32 uSsB Endpglnt 2 FIFO 0x00010000 | 21-28 | Normal
Status Register Reset
OXxFFFE04A4 USB_EP2_FCTRL 32 uSB Endp0|'nt 2 FIFO 0x01000000 | 21-31 | Normal
Control Register Reset
USB_EP2_LRFP 32 USB Endpoint 2 FIFO 0x00000000 | 21-32 | Normal
OxFFFEO4A8 Last Read Frame Reset
Pointer Register
USB_EP2_LWFP 32 USB Endpoint 2 FIFO 0x00000000 | 21-33 | Normal
OxFFFEO4AC Last Write Frame Reset
Pointer Register
MOTOROLA Memory Map 4-9




P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Viemory Map

Freescale Semiconductor, Inc.

Table 4-A\R Prégtammet’s Mehiory Map {Sofed by Address), (Continied)

For More Information On This Product,

Go to: www.freescale.com

Address Name Width Description Reset Value | Page Rf;et
OXFFFE04B0 USB_EP2_FALRM 32 uSB Endpt_)lnt 2 FIFO 0x00000000 | 21-34 | Normal
Alarm Register Reset
OXFFFE04B4 USB_EP2_FRDP 32 uSB Endpomt 2 F.I FO 0x00000000 | 21-35 | Normal
Read Pointer Register Reset
OXFFFE04B8 USB_EP2_FWRP 32 US.B Enc?pomt 2 F.IFO 0x00000000 | 21-36 | Normal
Write Pointer Register Reset
0xFFFE04BC RESERVED 32 Reserved - t
OXFEFE04CO USB_EP3_STATCR 32 USB Endpoint 3 . 0x00000000 | 21-23 | Normal
Status/Control Register Reset
USB_EP3_ISR 32 USB Endpoint 3 0x00000080 | 21-24 | Normal
OxFFFE04C4 Interrupt Status Reset
Register
OXFFFE04C8 USB_EP3_MASK 32 USB Endpoint 3 . 0x000001FF | 21-26 | Normal
Interrupt Mask Register Reset
OXFFFE04CC USB_EP3_FDAT 16 uSB Endpomt 3 FIFO 0x0000 21-27 | Normal
Data Register Reset
OXFFFE04D0 USB_EP3_FSTAT 32 uSB Endpqlnt 3 FIFO 0x00010000 | 21-28 | Normal
Status Register Reset
OxFFFE04D4 USB_EP3_FCTRL 32 usB Endp0|.nt 3 FIFO 0x01000000 | 21-31 | Normal
Control Register Reset
USB_EP3_LRFP 32 USB Endpoint 3 FIFO 0x00000000 | 21-32 | Normal
O0xFFFE04D8 Last Read Frame Reset
Pointer Register
USB_EP3_LWFP 32 USB Endpoint 3 FIFO 0x00000000 | 21-33 | Normal
O0xFFFE04DC Last Write Frame Reset
Pointer Register
OXFFFEO4EQ USB_EP3_FALRM 32 uSB Endpgmt 3 FIFO 0x00000000 | 21-34 | Normal
Alarm Register Reset
OxFFFEO4E4 USB_EP3_FRDP 32 uSB End_pomt 3 F_I FO 0x00000000 | 21-35 | Normal
Read Pointer Register Reset
OxFFFEO4ES USB_EP3_FWRP 32 US'B Endpomt 3 EIFO 0x00000000 | 21-36 | Normal
Write Pointer Register Reset
O0xFFFEO4EC RESERVED 32 Reserved -
OxFFFE04F0 USB_EP4_STATCR 32 USB Endpoint 4 . 0x00000000 | 21-23 | Normal
Status/Control Register Reset
USB_EP4_ISR 32 USB Endpoint 4 0x00000080 | 21-24 | Normal
OxFFFEO4F4 Interrupt Status Reset
Register
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OXFFFEO4F8 USB_EP4_MASK 32 USB Endpoint 4 _ 0x000001FF | 21-26 | Normal
Interrupt Mask Register Reset
OXFFFEO4FC USB_EP4_FDAT 16 USB Endpomt 4 FIFO 0x0000 21-27 | Normal
Data Register Reset
OXFFFE0500 USB_EP4_FSTAT 32 usB Endpqlnt 4 FIFO 0x00010000 | 21-28 | Normal
Status Register Reset
OxFFFE0504 USB_EP4_FCTRL 32 uSB Endp0|_nt 4 FIFO 0x01000000 | 21-31 | Normal
Control Register Reset
USB_EP4_LRFP 32 USB Endpoint 4 FIFO 0x00000000 | 21-32 | Normal
0xFFFE0508 Last Read Frame Reset
Pointer Register
USB_EP4_LWFP 32 USB Endpoint 4 FIFO 0x00000000 | 21-33 | Normal
O0xFFFE050C Last Write Frame Reset
Pointer Register
OXFFFE0510 USB_EP4_FALRM 32 usB Endpqnt 4 FIFO 0x00000000 | 21-34 | Normal
Alarm Register Reset
OxFFFE0514 USB_EP4_FRDP 32 uSB End_pomt 4 F_IFO 0x00000000 | 21-35 | Normal
Read Pointer Register Reset
OXFFFE0518 USB_EP4_FWRP 32 US.B EnQp0|nt 4 F.I FO 0x00000000 | 21-36 | Normal
Write Pointer Register Reset
OxFFFE051C RESERVED 32 Reserved - -
OxFFFE0600 MSCMD 16 Memory Stick _ 0x0000 18-14 | Normal
Command Register Reset
MSCS 16 Memory Stick 0X050A 18-15 | Normal
OxFFFE0602 Control/Status Register Reset
MSTDATA 16 Memory Stick Transmit 0x0000 18-16 | Normal
OxFFFE0604 FIFO Data Register Reset
MSRDATA 16 Memory Stick Receive 0x0000 18-17 | Normal
OxFFFE0604 FIFO Data Register Reset
MSICS 16 Memory Stick Interrupt 0x0000 18-18 | Normal
OxFFFE0606 Control/Status Register Reset
MSPPCD 16 Memory Stick Parallel 0x0000 18-21 | Normal
O0xFFFE0608 Port Control/Data Reset
Register
OXFEFE060A MSC2 16 Memory Stick Control 2 0x0000 18-22 | Normal
Register Reset
OXFFFE060C MSACD 16 Memory Stick Auto 0x7001 18-23 | Normal
Command Register Reset
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MSFAECS 16 Memory Stick FIFO 0x0000 18-24 | Normal
0xFFFEO60E Access Error Reset
Control/Status Register
OXFFFE0610 MSCLKD 16 M'ernory Stick SCLK 0x0002 18-25 | Normal
Divider Control Register Reset
MSDRQC 16 Memory Stick DMA 0x0000 18-25 | Normal
OxFFFE0612 Request Control Reset
Register
OxFFFE0800 LSSA 32 LCD Screen Start 0x00000000 | 10-17 | Normal
Address Register Reset
OxFFFE0804 LSS 16 LCQ Screen Size 0x0000 10-17 | Normal
Register Reset
OXFFFE0806 LVPW 16 LCQ Virtual Page Width 0x0000 10-18 | Normal
Register Reset
OxFFFE0808 LCXP 16 LCQ Cursor X Position 0x0000 10-24 | Normal
Register Reset
OxFFFE080A LCYP 16 LCD Cursor Y Position 0x0000 10-25 | Normal
Register Reset
OXFFFE080C LCSR 16 LCQ Cursor Size 0x0101 10-26 | Normal
Register reset
OxFFFE0SOE LBLKC 16 LCQ Blink Control O0x00FF 10-27 | Normal
Register Reset
OxFFFE0810 LCUR_COL 16 LCD (?olor Cgrsor 0x0000 10-27 | Normal
Mapping Register reset
LPCONO 16 LCD Panel 0x0000 10-19 | Normal
OxFFFE0812 Configuration Reset
Register 0
LPCON1 16 LCD Panel 0x0000 10-19 | Normal
OxFFFE0814 Configuration Reset
Register 1
LHCONO 16 LCD Horizontal 0x0000 10-21 | Normal
OxFFFE0816 Configuration Reset
Register 0
LHCONT1 16 LCD Horizontal 0x0400 10-21 | Normal
OxFFFE0818 Configuration Reset
Register 1
LVCONO 16 LCD Vertical 0x0000 10-22 | Normal
OxFFFEO081A Configuration Reset
Register 0
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LVCON1 16 LCD Vertical 0x0401 10-22 | Normal
OxFFFE081C Configuration Reset
Register 1
OXFFFEO081E LPANOFF 16 LCQ Panning Offset 0x0000 10-24 | Normal
Register Reset
OXFFFE0820 LGPMR 16 LCD Qray Pa!ette 0x0073 10-28 | Normal
Mapping Register Reset
OxFFFE0822 PWMR 16 PWM Contrast Control 0x0000 10-28 | Normal
Register Reset
OXFFFE0824 LDMACR 16 LCQ DMA Control 0x0404 10-30 | Normal
Register Reset
OxFFFE0826 RMCR 16 Refrgsh Mode Control 0x0000 10-29 | Normal
Register Reset
OxFFFE0828 LICFR 16 LCD_Interrgpt . 0x0000 10-31 | Normal
Configuration Register Reset
OXFFFE082A LISR 16 LCQ Interrupt Status 0x0000 10-32 | Normal
Register Reset
0xFFFEOAOQ0- - - LCD Mapping Ram - 10-33 | Normal
OxFFFEOBFF Registers Reset
OxFFFFF000 SCR 8 Syst.em Control ox1C 6-2 Normal
Register Reset
PCR 8 Peripheral Control 0x00 6-3 Power-
OXFFFFF003 Register up
reset
IDR 32 Silicon Id Register 0x53100000 6-4 Can
O0xFFFFF004 Not
Reset
IODCR 16 I/0 Drive Control 0x0000 6-5 Power-
0xFFFFF008 Register up
reset
OXFFFFF100 CSGBA 16 Chlp-SeIept Group A 0x0000 7-4 Normal
Base Register Reset
OXFFEFF102 CSGBB 16 Chlp-SeIept Group B 0x0000 7-4 Normal
Base Register Reset
OxFFFFF104 CSGBC 16 Chlp-SeIept Group C 0x0000 7-4 Normal
Base Register Reset
OXFFFFF106 CSGBD 16 Chlp-SeIept Group D 0x0000 7-4 Normal
Base Register Reset
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OxFFFEF10C CSCTRL2 16 Chlp-SeIect Control 0x0000 7-23 | Normal
Register 2 Reset
OXFFFFF110 CSA 16 Chip-Select Register A 0x00B0O 7-7 Normal
Reset
OXFFFFF112 CSB 16 Chip-Select Register B 0x0000 7-7 Normal
Reset
OxFFFFF114 CSC 16 Chip-Select Register C 0x0000 7-7 Normal
Reset
OXFFFFF116 CSD 16 Chip-Select Register D 0x0200 7-7 Normal
Reset
OXFFFFF118 EMUCS 16 qulatlon Chip-Select 0x0060 7-20 | Normal
Register Reset
OxFFFFF150 CSCTRL3 16 Chlp-SeIect Control 0x9C00 7-23 | Normal
Register 3 Reset
OXFFFFF180 CSGBE 16 Chlp-SeIept Group E 0x0000 7-4 Normal
Base Register Reset
OxFFFFF182 CSGBF 16 Chlp-SeIegt Group F 0x0000 7-4 Normal
Base Register Reset
OxFFFFF184 CSGBG 16 Chlp-SeIegt Group G 0x0000 7-4 Normal
Base Register Reset
OXFFFFF18A CSCTRLA1 16 Chlp-SeIect Control 0x0000 7-21 Normal
Register 1 Reset
CSE 16 Chip-Select Register E 0x0000 7-7 Power

- up
Reset
OxFFFFF190 except
bit 0 is
Normal
Reset
CSF 16 Chip-Select Register F 0x0000 7-7 Power

- up
Reset
OxFFFFF192 except
bit 0 is
Normal
Reset
OxFFEFF194 CSG 16 Chip-Select Register G 0x0000 7-7 Normal
Reset
OxFFFFF200 PLLCR 16 PLL Control Register 0x2404 5-10 | Normal
Reset
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OxFFFFF202 MPFSRO 16 MCU PLL Erequency 0x3CE8 5-11 | Normal
Select Register 0 Reset
OxFFFFF204 MPFSR1 16 MCU PLL Erequency 0x18FF 5-12 | Normal
Select Register 1 Reset
OXxFFEFF207 PCTLR 8 CPQ Power Control Ox1F 5-9 Normal
Register Reset
OxFFEFF208 UPFSRO 16 USBPLL Fr_equency 0x2C01 5-13 | Normal
Select Register 0 Reset
OXFFFFF20A UPFSR1 16 USBPLL Fr.equency 0x0000 5-14 | Normal
Select Register 1 Reset
OXFFEF20C CSCR 16 Cloqk Sources Control 0x8903 5-15 | Normal
Register Reset
OxFFFEF300 IVR 8 Inter.rupt Vector 0x00 15-7 | Normal
Register Reset
OXFFFFF302 ICR 16 Inter.rupt Control 0x0000 15-8 | Normal
Register Reset
OxFFEFF304 IMR 32 Interrupt Mask Register | OxFFFFFFFF | 15-10 | Normal
Reset

OxFFFFF308 RES 32 Reserved — —
OXFFFFF30C ISR 32 Inter.rupt Status 0x00000000 | 15-12 | Normal
Register Reset
OXFFFFF310 IPR 32 Inter.rupt Pending 0x00000000 | 15-17 | Normal
Register Reset
OxFFFFF314 ILCR 16 Inter.rupt Level Control 0x6533 15-21 | Normal
Register 1 Reset
OXFFFFF316 ILCR2 16 Inter.rupt Level Control 0x4533 15-21 | Normal
Register 2 Reset
OxFFFFF318 ILCR3 16 Inter.rupt Level Control 0x4666 15-21 | Normal
Register 3 Reset
OXFFFFF31A ILCR4 16 Inter_rupt Level Control 0x4444 15-21 | Normal
Register 4 Reset
OXFFFFF31C ILCR5 16 Inter.rupt Level Control 0x4444 15-21 | Normal
Register 5 Reset
OXFFFFF31E ILCR6 16 Inter.rupt Level Control 0x4444 15-21 | Normal
Register 6 Reset
OxFFFF320 ILCR7 16 Inter.rupt Level Control 0x0646 15-21 | Normal
Register 7 Reset
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OxFFFFF403 RES 8 Reserved —
O0xFFFFF407

OxFFEFF408 PBDIR 8 Port.B Direction 0x00 16-6 | Normal

Register Reset

OxFFEFF409 PBDATA 8 Port B Data Register OxFF 16-7 | Normal

Reset

OxFFEFF40A PBPUEN 8 Port.B Pull-up Enable OxFF 16-8 | Normal

Register Reset

OxFFFFF40B PBSEL 8 Port B Select Register OxFF 16-8 | Normal

Reset

OXFFFFF410 PCDIR 8 Port.C Direction 0x00 16-9 | Normal

Register Reset

OXFFFFF411 PCDATA 8 Port C Data Register 0x00 16-10 | Normal

Reset

OxFFEFF412 PCPUEN 8 Port_C Pull-Up Enable OxFF 16-11 | Normal

Register Reset

OXFFFFF413 PCSEL 8 Port C Select Register OxFF 16-11 | Normal

Reset

OxFFEFF418 PDDIR 8 Port.D Direction 0x00 16-12 | Normal

Register Reset

OXxFFFEF419 PDDATA 8 Port D Data Register OxFF 16-13 | Normal

Reset

OXFFFFF41A PDPUEN 8 Por‘(.D Pull-up Enable OxFF 16-14 | Normal

Register Reset

OXFFFFF41B PDSEL 8 Port D Select Register OxFF 16-14 | Normal

Reset

OXFFFFF41C PDIMR 8 Port.D Interrupt Mask 0x00 16-15 | Normal

Register Reset

OXFEFFF41D PDISR 8 Port.D Interrupt Status 0x00 16-15 | Normal

Register Reset

OXFFFFF41E PDIER 8 Port.D Interrupt Edge 0x00 16-16 | Normal

Register Reset

OXFFFFF41F PDIPR 8 Port.D Interrupt Polarity 0x00 16-16 | Normal

Register Reset

OxFFEFF420 PEDIR 8 Port.E Direction 0x00 16-17 | Normal

Register Reset

OxFFEFF421 PEDATA 8 Port E Data Register OxFF 16-17 | Normal

Reset
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OxFFFFF422 PEPUEN 8 Port_E Pull-up Enable OxFF 16-18 | Normal

Register Reset

OxFFFFF423 PESEL 8 Port E Select Register OxFF 16-19 | Normal

Reset

OxFFFFF424 PEIMR 8 Port. E Interrupt Mask 0x00 16-19 | Normal

Register Reset

OxFFEFF425 PEISR 8 Port_E Interrupt Status 0x00 16-20 | Normal

Register Reset

OXFFFFF426 PEIER 8 Por‘(.E Interrupt Edge 0x00 16-20 | Normal

Register Reset

OxFFEFF427 PEIPR 8 Port.E Interrupt Polarity 0x00 16-21 | Normal

Register Reset

OxFFFFF428 PFDIR 8 Port.F Direction 0x00 16-22 | Normal

Register Reset

OxFFEFF429 PFDATA 8 Port F Data Register OxFF 16-22 | Normal

Reset

PFPUEN 8 Port F OxFF 16-24 | Normal

OxFFFFF42A Pull-up/Pull-down Reset
Enable Register

OxFFFFF42B PFSEL 8 Port F Select Register 0x87 16-24 | Normal

Reset

OXFFFFF42C PFIMR 8 Port.F Interrupt Mask 0x00 16-24 | Normal

Register Reset

OXFFFFF42D PFISR 8 Port.F Interrupt Status 0x00 16-25 | Normal

Register Reset

OxFFFEF42E PFIER 8 Port.F Interrupt Edge 0x00 16-25 | Normal

Register Reset

OXFFFFF42F PFIPR 8 Port.F Interrupt Polarity 0x00 16-26 | Normal

Register Reset

OXFFFFF430 PGDIR 8 Port.G Direction 0x00 16-27 | Normal

Register Reset

OXFFFFF431 PGDATA 8 Port G Data Register O0x3F 16-27 | Normal

Reset

OXFFFFF432 PGPUEN 8 Port.G Pull-up Enable 0x3D 16-29 | Normal

Register Reset

OxFFFFF433 PGSEL 8 Port G Select Register 0x08 16-29 | Normal

Reset
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OxFFFFF434 PGIMR 8 Port_ G Interrupt Mask 0x00 16-30 | Normal
Register Reset
OXFFFFF435 PGISR 8 Port.G Interrupt Status 0x00 16-30 | Normal
Register Reset
OxFFFFF436 PGIER 8 Port.G Interrupt Edge 0x00 16-31 | Normal
Register Reset
OxFFEFF437 PGIPR 8 Port_G Interrupt Polarity 0x00 16-31 | Normal
Register Reset
OxFFEFF438 PJDIR 8 Pon.J Direction 0x00 16-32 | Normal
Register Reset
PJDATA 8 Port J Data Register OxFF 16-33 | Power

OxFFFFF439 Up
Reset
PJPUEN 8 Port J Pull-up Enable OxFF 16-34 | Power

OxFFFFF43A Register Up
Reset
PJSEL 8 Port J Select Register OXEF 16-34 | Power

OxFFFFF43B Up
Reset
PJIMR 8 Port J Interrupt Mask 0x00 16-35 | Power

OxFFFFF43C Register Up
Reset
PJISR 8 Port J Interrupt Status 0x00 16-35 | Power

OxFFFFF43D Register Up
Reset
PJIER 8 Port J Interrupt Edge 0x00 16-36 | Power

0xFFFFF43E Register Up
Reset
PJIPR 8 Port J Interrupt Polarity 0x00 16-36 | Power

OxFFFFF43F Register Up
Reset
PKDIR 8 Port K Direction 0x00 16-37 | Power

0xFFFFF440 Register Up
Reset
OxFFFFF441 PKDATA 8 Port K Data Register OxOF 16-37 | Normal
Reset
PKPUEN 8 Port K OxFF 16-39 | Normal
0xFFFFF442 Pull-up/Pull-down Reset

Enable Register
OxFFFFF443 PKSEL 8 Port K Select Register 0x00 16-39 | Normal
Reset
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OxFFEFF444 PKIMR 8 Port_K Interrupt Mask 0x00 16-40 | Normal
Register Reset
OxFFFFF445 PKISR 8 Port.K Interrupt Status 0x00 16-40 | Normal
Register Reset
OxFFFFF446 PKIER 8 Port.K Interrupt Edge 0x00 16-41 | Normal
Register Reset
OxFFFEF447 PKIPR 8 Port_K Interrupt Polarity 0x00 16-41 | Normal
Register Reset
PMDIR 8 Port M Direction 0x00 16-42 | Power

OxFFFFF448 Register -up
Reset
PMDATA 8 Port M Data Register 0x20 16-43 | Power

OxFFFFF449 -up
Reset
PMPUEN 8 Port M O0x3F 16-44 | Power

OxFFFFF44A Pull-up/Pull-down -up
Enable Register Reset
PMSEL 8 Port M Select Register O0x3F 16-45 | Power

OxFFFFF44B -up
Reset
PMIMR 8 Port M Interrupt Mask 0x00 16-45 | Power

O0xFFFFF44C Register -up
Reset
PMISR 8 Port M Interrupt Status 0x00 16-46 | Power

O0xFFFFF44D Register -up
Reset
PMIER 8 Port M Interrupt Edge 0x00 16-46 | Power

OxFFFFF44E Register -up
Reset
PMIPR 8 Port M Interrupt Polarity 0x00 16-47 | Power

OxFFFFF44F Register “up
Reset
OxFFEFF450 PNDIR 8 Port.N Direction 0x00 16-48 | Normal
Register Reset
OXFFFFF451 PNDATA 8 Port N Data Register OxOF 16-48 | Normal
Reset
PNPUEN 8 Port N OxFF 16-49 | Normal
0xFFFFF452 Pull-up/Pull-down Reset

Enable Register
OxFFEFF453 PNSEL 8 Port N Select Register OxFF 16-50 | Normal
Reset
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OxFFEFF454 PNIMR 8 Port_ N Interrupt Mask 0x00 16-50 | Normal

Register Reset

OXFFFFF455 PNISR 8 Port.N Interrupt Status 0x00 16-51 | Normal

Register Reset

OXFFFFF456 PNIER 8 Port.N Interrupt Edge 0x00 16-51 | Normal

Register Reset

OxFFFEF457 PNIPR 8 Port_N Interrupt Polarity 0x00 16-52 | Normal

Register Reset

OxFFFFF458 PPDIR 8 Port.P Direction 0x00 16-53 | Normal

Register Reset

OxFFFFF459 PPDATA 8 Port P Data Register OxOF 16-53 | Normal

Reset

PPPUEN 8 Port P OxFF 16-54 | Normal

OxFFFFF45A Pull-up/Pull-down Reset
Enable Register

OXFFFFF45B PPSEL 8 Port P Select Register OxFF 16-55 | Normal

Reset

OXFFFFF45C PPIMR 8 Port.P Interrupt Mask 0x00 16-55 | Normal

Register Reset

OXFFFFF45D PPISR 8 Port.P Interrupt Status 0x00 16-56 | Normal

Register Reset

OxFFFFF45E PPIER 8 Por’(.P Interrupt Edge 0x00 16-56 | Normal

Register Reset

OXFFFFF45F PPIPR 8 Port.P Interrupt Polarity 0x00 16-57 | Normal

Register Reset

OxFFEFF460 PRDIR 8 Port.R Direction 0x00 16-58 | Normal

Register Reset

OxFFEFF461 PRDATA 8 Port R Data Register O0xOF 16-58 | Normal

Reset

PRPUEN 8 Port R OxFF 16-59 | Normal

OxFFFFF462 Pull-up/Pull-down Reset
Enable Register

OXFFFFF463 PRSEL 8 Port R Select Register OxFF 16-60 | Normal

Reset

OXFFFFF464 PRIMR 8 Port. R Interrupt Mask 0x00 16-60 | Normal

Register Reset

OXFFFFF465 PRISR 8 Port.R Interrupt Status 0x00 16-61 | Normal

Register Reset
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OxFFEFF466 PRIER 8 Port_R Interrupt Edge 0x00 16-61 | Normal
Register Reset
OXxFFEFF467 PRIPR 8 Port.R Interrupt Polarity 0x00 16-62 | Normal
Register Reset
OxFFEFF500 PWMCH1 16 PWM Unit 1 Control 0x0020 14-4 | Normal
Register Reset
OxFFEFF502 PWMSH 16 PWM Unit 1 Sample OXXXXX 14-6 | Normal
Register Reset
OxFFEFF504 PWMP1 8 PWM Unit 1 Period OxFE 14-7 | Normal
Register Reset
OxFFEFF505 PWMCNT1 8 PWM Unit 1 Counter 0x00 14-7 | Normal
Register Reset
0xFFFFF506 RES 16 Reserved — —
OXFFFFF510 PWMC2 16 PWM Unit 2 Control 0x0000 14-8 | Normal
Register Reset
OXFFFFF512 PWMP2 16 PWM Unit 2 Period 0x0000 14-9 | Normal
Register Reset
OXFFFFF514 PWMW2 16 PWM Unit 2.W|dth 0x0000 14-9 | Normal
Control Register Reset
OXFFFFF516 PWMCNT2 16 PWM Unit 2 Counter 0x0000 14-10 | Normal
Register Reset
OxFFFFF600 TCTLA 16 Tlmgr Unit 1 Control 0x0000 12-4 | Normal
Register Reset
OxFFEFF602 TPRER1 16 Tlmgr Unit 1 Prescaler 0x0000 12-6 | Normal
Register Reset
OxFFFFF604 TCMP1 16 Tlmgr Unit 1 Compare OxFFFF 12-7 | Normal
Register Reset
OXFFFFF606 TCR1 16 Timgr Unit 1 Capture 0x0000 12-8 | Normal
Register Reset
OXFFFFF608 TCN1 16 Tlm(_er Unit 1 Counter 0x0000 12-9 | Normal
Register Reset
OXFFFFFG0A TSTAT1 16 Tlmgr Unit 1 Status 0x0000 12-10 | Normal
Register Reset
OxFFFFF610 TCTL2 16 Tlmgr Unit 2 Control 0x0000 12-4 | Normal
Register Reset
OxFFFFF612 TPRER2 16 Tlmgr Unit 2 Prescaler 0x0000 12-6 | Normal
Register Reset
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OxFFEFF614 TCMP2 16 Timer Unit 2 Compare OxFFFF 12-7 | Normal
Register Reset
TCR2 16 Timer Unit 2 Capture 0x0000 12-8 | Normal
OxFFFFF616 Register Reset
TCN2 16 Timer Unit 2 Counter 0x0000 12-9 | Normal
OxFFFFF618 Register Reset
OxFFFFF61A TSTAT2 16 Timer Unit 2 Status 0x0000 12-10 | Normal
Register Reset
SPIRXD 16 CSPI Receive Data 0x0000 20-3 | Normal
OxFFFFF700 Register Reset
OXFFFFF702 SPITXD 16 CSPI Transmit Data 0x0000 20-4 | Normal
Register Reset
OxFFEFF704 SPICONT 16 CSPI Control/Status 0x0000 20-5 | Normal
Register Reset
SPIINTCS 16 CSPI Interrupt 0x0000 20-7 | Normal
OxFFFFF706 Control/Status Register Reset
OxFFFFF708 SPITEST 16 CSPI Test Register 0x0000 20-9 | Normal
Reset
OXFFFFF70A SPISPC 16 CSPI Sample Period 0x0000 20-10 | Normal
Control Register Reset
OXxFFEEF70C SPIDMA 16 CSPI DMA Register 0x0000 20-11 | Normal
Reset
OX(FF)FFF800 IADR 8 I°C Address Register 0x00 22-6 | Normal
Reset
0x(FF)FFF804 IFDR 8 1’C Frequency Divider 0x00 22-7 | Normal
Register Reset
I2CR 8 [2C Control Register 0x00 22-8 | Normal
0x(FF)FFF808 Reset
OX(FF)FFF80C I2SR 8 I°C Status Register 0x81 22-9 | Normal
Reset
OX(FF)FFF810 I2DR 8 I°C Data I/O Register 0x00 22-11 | Normal
Reset
IBCR 8 [°C Byte Counter 0x00 22-11 | Normal
Ox(FF)FFF814 Register Reset
USTCNTH1 16 UART Unit 1 0x0000 19-11 | Normal
OxFFFFF900 Status/Control Register Reset
OXFFFFF902 UBAUD1 16 UART Unit 1 Baud 0x0002 19-12 | Normal
Control Register Reset
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OxFFFFF904 URX1 16 UABT Unit 1 Receiver 0x0000 19-13 | Normal

Register Reset

OxFFEFF906 uTXxi 16 UART int 1 . 0xE800 19-16 | Normal

Transmitter Register Reset

OxFFFFF908 UMISC1 16 UART Unit 1 . 0x0000 19-17 | Normal

Miscellaneous Register Reset

NIPR1 16 UART Unit 1 0x0000 19-19 | Normal

O0xFFFFF90A Non-integer Prescaler Reset
Register

HMARK1 16 UART Unit 1 FIFO 0x0102 19-20 | Normal

OxFFFFF90C Level Marker Interrupt Reset
Register

0xFFFFF90E - - Reserved -

USTCNT2 16 UART Unit 2 0x0000 19-21 | Normal

OxFFFFF910 Status/Control Register Reset

OXxFFFFF912 UBAUD2 16 UART Unit 2 Baud 0x0002 19-23 | Normal

Control Register Reset

OxFFFFF914 URX2 16 UABT Unit 2 Receiver 0x0000 19-24 | Normal

Register Reset

OxFFEFF916 UTXx2 16 UART int 2 . 0xE800 19-26 | Normal

Transmitter Register Reset

OxFFFFF918 UMISC2 16 Uz_art Unit 2 _ 0x0000 19-27 | Normal

Miscellaneous Register Reset

NIPR2 16 UART Unit 2 0x0000 19-29 | Normal

OxFFFFF91A Non-Integer Prescaler Reset
Register

HMARK2 16 UART Unit 2 FIFO 0x0102 19-30 | Normal

OxFFFFF91C Level Marker Interrupt Reset
Register

OxFFFFF91E - - Reserved -

OXFFFFFB00 RTCTIME 32 RTQ Time Of Day OXXXXX00XX | 13-4 | Normal

Register Reset

OxFFFFFB04 RTCALRM 32 RTC Alarm Register 0x00000000 13-5 | Normal

Reset

OXFEFFFBOA WATCHDOG 16 Watghdog Timer 0x0001 13-3 | Normal

Register Reset

OXFFFFFBOC RTCCTL 16 RTC Control Register 0x0080 13-8 | Normal

Reset
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OXxFFFFFBOE RTCISR 16 RTQ Interrupt Status 0x0000 13-8 | Normal
Register Reset
OXFFFFFB10 RTCIENR 16 RTQ Interrupt Enable 0x0000 13-11 | Normal
Register Reset
OXFFFFFB12 STPWCH 16 Stopwatch Minutes 0x003F 13-13 | Normal
Register Reset
OXxFFFFFB1A DAYR 16 RTQ Day Count 0x0xxx 13-5 | Normal
Register Reset
OXFEFFFB1C DAYALRM 16 RTQ Day Alarm 0x0000 13-6 | Normal
Register Reset
SDCTLe_H 16 SDRAM Control 0x0100 8-7 Power

OxFFFFFCO00 Register (High Word) up
for Chip-Select E Reset
SDCTLe_L 16 SDRAM Control 0x0300 8-7 Power

OxFFFFFC02 Register (Low Word) up
For Chip-Select E Reset
SDCTLf_H 16 SDRAM Control 0x0100 8-7 Power

OxFFFFFC04 Register (High Word) up
For Chip-Select F Reset
SDCTLf_L 16 SDRAM Control 0x0300 8-7 Power

OxFFFFFCO06 Register (Low Word) up
For Chip-Select F Reset
EDOCTLe_H 16 EDO Control Register 0x0000 8-12 Power

OxFFFFFCO08 (High Word) For up
Chip-Select E Reset
EDOCTLe_L 16 EDO Control Register 0x0000 8-12 Power

O0xFFFFFCOA (Low Word) For up
Chip-Select E Reset
EDOCTLf_H 16 EDO Control Register 0x0000 8-12 Power

OxFFFFFCOC (High Word) For up
Chip-Select F Reset
EDOCTLf_L 16 EDO Control Register 0x0000 8-12 Power

OxFFFFFCOE (Low Word) For up
Chip-Select F Reset
SECTL 16 Secondary Control 0x0000 8-6 Power

OxFFFFFC10 Register up
Reset

OxFFFFFC80 RES — | Reserved -
OXFFFFFDO00 ICEMACR 32 ICE Module Afjdress 0x00000000 24-5 | Normal
Compare Register Reset
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OXFFFFFDO04 ICEMAMR 32 ICE Modul_e Address 0x00000000 24-3 | Normal
Mask Register Reset

OXFFFFFDO8 ICEMCCR 16 ICE Module Cpntrol 0x0000 24-5 | Normal
Compare Register Reset

OXxFEFFFDOA ICEMCMR 16 ICE Modu!e Control 0x0000 24-6 | Normal
Mask Register Reset

OxFFEFFDOC ICEMCR 16 ICE _Module Control 0x0000 24-6 | Normal
Register Reset

OXFFFFFDOE ICEMSR 16 ICE .Module Status 0x0000 24-8 | Normal
Register Reset

OXFFFFEFxx Bootloader — Bootloader Microcode — — Normal
Space Reset
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Chapter 5
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 is comprised in a single chapter because their operation is so closely
integrated. The programmability of the individual clock signals makes the CGM a flexible clock source for
the MC68SZ328 and its associated peripherals.

The CGM uses two oscillators in conjunction with a multiplier/divider chain to produce the clock signals
used throughout the MC68SZ328 integrated processor. The frequency of all clock signals (except the
low-frequency reference) are individually selectable through software control. The MC68SZ328 has four
different power modes to provide optimum power efficiency.

The PCM controls the power consumption of MC68SZ328 by controlling the PLL operation and by
applying clock signals to the FLX68000 core at reduced burst widths. For maximum power savings, the
MC68SZ328 features a sleep mode in which all clocks (except the low-frequency clock) are disabled.

The features of the clock generation and power control modules are:

*  Generate all clocks including the DMA clock, CPU clock, system clock, LCD clock, and the
USB clock

*  Comply with USB standard in the implementation of the USB clock

*  Programmable PLLs to allow generation of up to 200 MHz clock from a 16 MHz clock
* Enable bypass of pre-multiplier and PLLs

*  Supports output of internal clock to pin for system use, testing, and debugging

* Provides individual clock dividers to generate different frequencies for various clocks

* Enable control of different levels of power consumption

* Provides dedicated logic to shut down and wake up PLL smoothly

5.1 Clock Generation Module Overview

The clock generation module (CGM) uses two oscillators to provide the clock sources to the FLX68000
core, the USB module, and all other peripherals. The clock source for the FLX68000 core and other
peripherals operate at 32.768 kHz. The clock source for the USB module operates at 16 MHz or

32.768 kHz to generate a 48 MHz clock.

The CGM uses one pre-multiplier and one PLL to generate the clocks for the FLX68000 core and most of
the peripherals. The first stage pre-multiplier takes an input crystal frequency of 32.768 kHz and multiplies
the signal to 16.777 MHz. The second stage is a programmable PLL, the MCUPLL, that produces a
maximum output frequency of 200 MHz. A dedicated external crystal or external signal source may be
used to provide 16 MHz to the USBPLL. The USBPLL is used to generate a 48 MHz clock for the USB.
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Module Name | CPU Interface Module Application
Reset ~ CLK_32 for qualifiers, counter
CGM CPU_CLK DMA_CLK for CPCM, system clock divider and LCD clock divider

CLK_32 for shutdown and wakeup logic
MCUPLL, USBPLL clock for other logic

Chip Select DMA_CLK DMA_CLK for wait state

DRAMC DMA_CLK DMA_CLK, feedback SDCLK

DMAC CPU_CLK DMA_CLK and CLK_32 for request time-out logic
DMA_CLK for other logic

eSRAM DMA_CLK DMA_CLK for BIST

CSPI DMA_CLK SYS_CLK, CLK_32

LCDC DMA_CLK DMA_CLK for data fetch
LCD_CLK for LCD panel

MSC DMA_CLK DMA_CLK, SCLKI

MMC/SD DMA_CLK DMA_CLK

USBD DMA_CLK USB_CLK

UART1 and 2 DMA_CLK SYS_CLK for baud gen

ASP DMA_CLK SYS_CLK

GPIO DMA_CLK ~

INT Controller N1? ~

PWM1 DMA_CLK SYS_CLK, CLK_32

PWM2 DMA_CLK SYS_CLK

Timers 1 and 2 N1 SYS_CLK, CLK_32 for counter
RTC CPU_CLK CLK_32 for time tick

12C N1 SYS_CLK for baud
BOOTSTRAP N1 ~

ICE N1 ~

1. N1 stands for 68k control signals

5.2 Clock Generation Module Operation

Figure 5-1 shows the block diagram of the clock generation module and power control. The overall
clocking scheme of the MC68SZ328 design is depicted as well as the important signals and register
controls of the module.
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Figure 5-1. Clock Generation Module and Power Control Block Diagram

5.2.1 Clock Generation Circuits

The CGM contains two separate oscillator circuits, one circuit for a 32.768 kHz crystal and the other
circuit for a 16 MHz crystal. Section 5.2.1.1, “MCUPLL Clock,” and Section 5.2.1.2, “USB Clock (48
MHz),” describe the clock generation of these oscillator circuits.

5.2.1.1 MCUPLL Clock

The external clock source for the CPU and most of the peripherals is a 32.768 kHz crystal connected to an
internal oscillator circuit. The output of the oscillator is the OSC_32K_CLK signal that feeds the
pre-multiplier which multiplies the signal by 512 to produce a 16.777 MHz output. This output then
becomes the input signal to the MCUPLL. The pre-multiplier and the MCUPLL stages can be bypassed by
connecting the TP1 pin to ground. The MCUPLL generates a clock signal, MCUPLL_CLK, the frequency
of which is determined by Equation 5-1:

MMFI + MMFN - MMFD

chupll = 2X chupllin X MPDF Eqn. 5-1
where  Fy,. o1 = Output frequency of MCUPLL
Fincupttin = Output frequency of pre-multiplier
(normally, it is equal to 32.768 k X 512 = 16.777 MHz)
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MMEN = Numerator of the MCUPLL multiplication factor

MMFD = Denominator of the MCUPLL multiplication factor

MPDF = Pre-division factor of the MCUPLL. See Table 5-3.

MMEFD should be set to be no larger than Ox3FE and the corresponding input values to the MPFSR1
register are in the Table 5-2.

Table 5-2. MMFD Settings in the MPFSR1 Register

MMFDI[9:0] MMFD
0 1
1 2
0x3FD Ox3FE
Ox3FE O0x3FF

The MPDF input values to the MPFSR1 register are provided in Table 5-3.
Table 5-3. MPDF Settings in the MPFSR1 Register

MPDF[3:0] MPDF
$0 1
$1 2
$2 3
$e 15
$F 16

The four parameters MMFI, MMFN, MMFD, and MPDF are programmable in the MCUPLL frequency
select registers, MPFSRO and MPFSR1. The new parameters take effect when the MPRS bit in the PLLCR
register is set. Setting this bit restarts the MCUPLL at a newly assigned frequency.

NOTE:

A minimum of 100 us is required to switch to the new frequency after the
MPRS bit is set. The old frequency clock is stopped for 3 VCO clock
cycles. The new frequency clock will be generated after the MCUPLL is
locked to the newly assigned frequency. No clock is generated during the
period when the old frequency clock is stopped and before the MCUPLL
is locked to the new frequency.
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The external clock source for the 48 MHz USB clock is an external 16 MHz crystal connected to an
internal oscillator circuit. The output of the oscillator is the OSC_16M_CLK signal which is fed to the
USBPLL. The output of the pre-multiplier may also be used instead of using the external 16 MHz crystal
and its associated oscillator circuit. The pre-multiplier output is used by writing ‘0’ to the USBSEL bit of
the clock source control register (CSCR).When writing ‘0’ to the USBSEL bit, the pre-multiplier and the
MCUPLL are used to generate the USB clock.

The USBPLL generates a clock signal, USBPLL_CLK, whose 48 MHz frequency is determined by
Equation 5-2:

UMFI + UMFN + UMFD

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

Fusbpll = 2X Fusbpllin X UPDF Eqn. 52
where  Fyg,p1 = Output frequency of USBPLL
Fusbpltin = Output frequency of OSC16M (USB crystal oscillator)
UMFI = Integer of the USBPLL multiplication factor
UMEN = Numerator of the USBPLL multiplication factor
UMEFD = Denominator of the USBPLL multiplication factor. See Table 5-4.
UPDF = Pre-division factor of the USBPLL. See Table 5-5.
The corresponding input values of the UMFD to the UPFSR1 register are in the Table 5-4.
Table 5-4. UMFD Settings in the UPFSR1 Register
UMFDI[9:0] UMFD
0 1
1 2
2 3
0x3FD O0x3FE
O0x3FE 0x3FF
The value to set for the USBPLL pre-division factor (UPDF) is provided in Table 5-5.
Table 5-5. UPDF Settings in the UPFSR1 Register
UPDF[3:0] UPDF
$0 1
$1 2
$2 3
$e 15
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UPDFI[3:0] UPDF

$F 16

The 48 MHz frequency generated by USBPLL is accomplished by programming the UMFI, UMFN,
UMFD and UPDF bits in the USBPLL frequency select registers, UPFSRO and UPFSR1. The new
parameters take effect when the UPRS bit in PLLCR register is set. Setting this bit restarts the USBPLL at
the newly assigned frequency.

NOTE:

A minimum of 100 ps is required to switch to a new frequency after the
UPRS bit is set. The old frequency clock is stopped for 3 VCO clock
cycles. The new frequency clock is generated after the USBPLL is locked
to the newly assigned frequency. No clock signal is generated during the
period when the old frequency clock is stopped and before the USBPLL is
locked to the new frequency.

5.2.1.3 Bypassing the MCUPLL Clock

The MC68SZ328 allows the internal PLLs to be bypassed and the external 32.768 kHz crystal replaced
with an external high-frequency (for example, 66.32 MHz) oscillator. In this configuration, the internal
pre-multiplier and the MCUPLL will be bypassed and the high-frequency clock will be used as the
MCUPLL_CLK. However, the 32.768 kHz clock is still required and should be provided through the
PE3/UCLK pin.

Each of the internal clocks has its own divider to program to the correct frequency. Although the USBPLL
can be programmed to 48 MHz for the USB module, a USB clock divider is available. It is used when the
pre-multiplier and the PLLs are bypassed and an external high-frequency oscillator is used to generate all
the internal clocks. Because the USB clock frequency may be different from those produced by the other
clocks, the USB clock divider is used to program its output to the desired frequency.

5.2.2 Test Capability

In addition to the ability to bypass the pre-multiplier or the PLLs, there are a total of eight internal clocks in
the CGM which can be made available to external devices through the buffer at the CLKO/PF2 pin for
testing and debugging or other application needs. Because the CLKO/PF2 pin is multiplexed, it is only
necessary to set PEFSEL[2] in the Port F Select Register to 0 to apply the CLKO signal to pin 2 of Port F.

To select the desired clock the CLKOSEL field in the clock source control register (CSCR) must be
programmed as shown in Table 5-6.

Table 5-6. Clock Selections

CLKOSEL][2:0] CLKO
000 PRE_MULT_CLK
001 MCUPLL_CLK
010 USBPLL_CLK
011 SYS_CLK
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Table3546: R€Clock Selections|(Continued)

CLKOSEL[2:0] CLKO
100 USB_CLK
101 DMA_CLK
110 CPU_CLK
111 LCD_CLK

5.3 Power Management

The power control logic optimizes the power consumption of the MC68SZ328 by controlling the
efficiency of the clocking system. Depending on the application, the user has several methods for power
management of the chip. For maximum power savings, the MC68SZ328 can be placed in sleep mode in
which all clocks except the 32.768 kHz clock are disabled. To control the power consumption of the
FLX68000 core, the logic provides different burst widths of the CPU clock which is programmable as
either burst or doze modes. Each of the power modes are described in full detail in Section 5.3.3.1, “Power
Modes,” on page 5-8.

The power management modes are summarized in the Table 5-7.

Table 5-7. Summary of Power Control in MC68SZ328

Wake Up Event
or Normal Mode

Clock Power

Setting to Obtain Shut Down or Low Power
Control

MCUPLL Set the DISPLL bit in the PLLCR register and then Receives wake-up event.
execute a STOP instruction. The MCUPLL will shut
down after 30 CPU clock cycles.
* Pre-Multiplier is also shut down.
* All clocks except the 32.768 kHz clock are
stopped.

USBPLL Set the DISUPLL bit in the PLLCR register. Reset the DISUPLL bit in the
e The USBPLL cannot be stopped after PLLCR register.
MCUPLL is disabled.
* Only the USB clock is stopped.
* Enters sleep mode if the DISPLL bit in the
PLLCR register is set—for all clocks.

CPU Enable the PCEN bit in the PCTLR register and Receives wake-up event or
configure WIDTH bit setting. resetting PCEN bit (burst mode
¢ Enter doze mode when width = 0. only).
¢ Enter burst mode when 32 > width > 0

5.3.1 MCUPLL Clock Control

The MCUPLL clock (MCUPLL_CLK) can be stopped by disabling the MCUPLL. Setting the DISPLL bit
in the PLLCR register disables the MCUPLL clock. The MCUPLL is shut down for 30 clock cycles of the
CPU clock after the DISPLL bit is set. This allows sufficient time to execute the STOP instruction and for
the peripherals to stop operation smoothly before the clocks are stopped. When the MCUPLL is disabled,
the CPU clock, the DMA clock, and the LCD clock are stopped.

MOTOROLA Clock Generation Module and Power Control Module 5-7
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Because the PLLCR register15\cloekdd by the-CRUAd16c K [thé laser éannotiwiite 110 Tto2he DISPLL bit to
wake-up the MCUPLL. A wake-up event is needed to re-enable the MCUPLL. The wake-up events can be
any hardware or software interrupts clocked by the continuously running 32.768 kHz clock. When a
wake-up event occurs and the MCUPLL is enabled, the MCUPLL_CLK begins operation after a delay of
300 s which allows the MCUPLL to get locked and stable. The remainder of the clocks derived from the
MCUPLL_CLK start running accordingly.

NOTE:

It is the responsibility of the user to execute the STOP instruction to stop
the FLX68000 core from executing further instructions. The clock
generation and power control modules cannot stop the FLX68000 core.

5.3.2 USBPLL Clock Control

The USBPLL can be shut down by writing a ‘1’ to the DISUPLL bit in the PLLCR register. When the
USBPLL is disabled, the USBPLL clock (USBPLL_CLK) is stopped. To wake-up the USBPLL, the
DISUPLL must be reset. Notice that no shut down or wake-up logic is used to control these operations.

WARNING:

The USBPLL cannot be disabled after disabling the MCUPLL because the
PLLCR register is clocked by the CPU clock. When the MCUPLL is shut
down, the CPU clock will be stopped. There is no way to shut down the
USBPLL until the MCUPLL is woken up again.

5.3.3 CPU Clock Control

The CPU power control module (PCM) is inherited from the last generation of DragonBall, the
MC68VZ328. The PCM controls the power consumption of the CPU by turning the CPU clock on for a
programmed number of clock pulses. The CPU consumes more power than most of the other components
in the MC68SZ328, however, it conserves power when the CPU is idle. The CPU clock can be disabled or
be applied at different burst lengths. When the MC68SZ328 is in one of these reduced-power modes, it is
restored to normal operation by a wake-up event.

5.3.3.1 Power Modes

The MC68SZ7328 has four power modes: normal, burst, doze, and sleep. In normal mode, the PCM is off.
The CPU enters burst mode when the PCM module is enabled. If the burst width of the CPU clock is
reduced to zero, CPU clock is disabled and the CPU is in doze mode. The lowest setting is sleep mode.
Sections Section 5.3.3.1.1, “Normal Mode,” through Section 5.3.3.1.4, “Sleep Mode,” give detailed
information about each of the four power modes.

5.3.3.1.1 Normal Mode

The CPU enters normal mode upon power reset. In this mode, the PCM is off. The CPU clock runs
continuously and the CPU consumes maximum power.

5.3.3.1.2 Burst Mode

Setting the PCEN bit in the power control register (PCTLR) enables the PCM, which causes the clock
burst width of the CPU clock to be the same as the WIDTH bit setting in the PCTLR register in increments
of 1/31 32.768 kHz clock cycles. The WIDTH bit settings can be from O to 31. To explain the operation, an
example is given here and is illustrated in Figure 5-2. When the WIDTH bit setting is five, the system
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clock is available for a/petiod BfHiveB2. 768K HZ ok ¢y 188! (BurstGAddth O i, théGem@ining twenty-six
32.768 kHz clock cycles the system clock is gated. This pattern is repeated and effectively produces a CPU
clock with a variable burst width and which provides power control.

Resetting the PCEN bit or a wake-up event returns the CPU to normal mode.
> -~

CLK_32K

PCEN Enable PCM Disable PCM

SYS_CLK

Clock Burst Width = 5 <f—p»

ceu_cux [N I
} } b+

CPU Active CPU Inactive CPU Active Wake-up Event Normal Mode

Figure 5-2. CPU Power Control Operation with Burst Width of Five

5.3.3.1.3 Doze Mode

When the PCM is enabled and the WIDTH bit set to O, the burst width of the CPU clock is reduced to zero,
which causes the CPU to enter doze mode. The CPU clock is stopped. To exit the doze mode and return to
normal mode, a wake-up event is required.

When a wake-up event is received during burst or doze mode, the PCM is immediately disabled and the
continuous CPU clock resumes. It is recommended that the user reenable the PCM using the wake-up
service routine, if CPU burst or doze mode is wanted after the wake-up event.

5.3.3.1.4 Sleep Mode

The sleep mode disables all of the clocks in the chip except the 32.768 kHz clock. There are two ways to
put the MC68SZ328 in sleep mode: either set the DISUPLL and DISPLL bits at the same time or set the
DISUPLL bit and then the DISPLL bit—not conversely. Only the 32.768 kHz clock works to keep the
real-time clock operational. A wake-up event is required to activate the PLL(s). The USB clock resumes
operation as soon as the DISUPLL bit is enabled.

5.3.4 CPU Power Control and DMA Controller

The DMA controller is not affected by the PCM. Before the CPU clock is stopped, the DMA controller
requests the bus from the CPU. The CPU clock stops only after the bus is granted. When a bus grant to the
DMA controller is asserted, the DMA controller is allowed full access to the bus even when the PCM is
enabled. This process also directs the LCD screen to stay refreshed.

If a wake-up event occurs while the CPU clock is disabled, the PCM is disabled and the CPU clock is
immediately restored so that the CPU can process the event. The DMA controller always has priority over
the bus. Therefore, if the DMA access is in progress, the CPU will wait unit the DMA controller has
completed access before servicing the wake-up routine.
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5.4 Programming'Model

This section describes the registers that enable and control the frequency of the CGM clocks. To maintain
the software compatibility between the MC68SZ328 and MC68VZ328, the PLL control register (PLLCR)
and the power control register (PCTLR) have been maintained. Their memory locations and register bits
remain the same as the MC68VZ328. However, the frequency select register (PLLFSR) which controls the
multiplication factor of the PLL has been removed because the PLL operations of the two chips are
completely different. Nevertheless, the MCUPLL frequency select register 0 (MPFSRO) which controls the
frequency of the main PLL, MCUPLL, replaces the PLLFSR register. The MPFSRO register is at the same
memory location as the PLLFSR register in MC68VZ328.

5.4.1 PLL Control Register

The PLL control register is used to control the operation and frequency of the PLLs in the MC68SZ328.
The settings for each bit and field in the register are described in Table 5-8.

PLLCR PLL Control Register Ox(FF)FFF200
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MPRS ‘ UPRS ‘ LCDCLK SEL ‘ SYSCLK SEL ‘ ‘ SDSEL ‘ DISPLL ‘ DISUPLL |
TYPE rw rw rw rw rw rw w rw rw rw rw
0 0 1 0 0 1 0 0 0 0 O 0 0 1 0 0
RESET
0x2404
Table 5-8. PLL Control Register Description
Name Description Setting
MPRS MCUPLL Restart—This bit restarts the MCUPLL at a newly | 0 = MCUPLL keep current
Bit 15 assigned frequency. This bit is automatically cleared. frequency.
1 = Restart MCUPLL.
UPRS USBPLL Restart—This bit restarts the USBPLL at a newly 0 = USBPLL keep current
Bit 14 assigned frequency. This bit is automatically cleared. frequency.

1 = Restart USBPLL.

LCDCLK SEL | LCD Clock Select—This field controls the divide ratio used | 000 = DMACLK /2

Bits 13—11 by the LCD clock divider to convert DMA clock to LCD clock. | 001 = DMACLK/ 4
It can be changed at any time. This field operates asitdidin | 010 = DMACLK/ 8
the MC68VZ328. 011 = DMACLK/ 16

1xx = DMACLK /1

SYSCLK SEL | System Clock Select—This field controls the divide ratio 000 = DMACLK /2

Bits 10-8 used by the system clock divider to convert DMA clock to 001 =DMACLK/ 4
system clock. It can be changed at any time. This field 010 = DMACLK/ 8
operates as it did in the MC68VZ328. 011 = DMACLK/ 16
1xx = DMACLK / 1
Reserved Reserved These bits are reserved and
Bits 7-5 should be set to 0.
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Name Description Setting
SDSEL Shutdown Select—This field selects the number of CPU 0 = 31 clock cycles.
Bits 4 clock cycles before MCUPLL is shutdown, after DISPLL bitis | 1 =63 clock cycles.
set.
Note: This feature is only supported by the 0L95J maskset
and onward.
DISPLL Disable USBPLL—This bit, when set, disables the output of | 0 = MCUPLL enabled.
Bit 3 MCUPLL to reduce power. 1 =MCUPLL disabled.
This bit is cleared automatically
after wakeup from sleep mode.
DISUPLL Disable USBPLL—This bit, when set, disables the output of | 0 = USBPLL enabled.
Bit 2 USBPLL to reduce power. 1 = USBPLL disabled.
Reserved Reserved These bits are reserved and
Bits 1-0 should be set to 0.

5.4.2 MCUPLL Frequency Select Register 0

The MCUPLL frequency select register 0 (MPFSRO) is one of two registers that contain fields and
registers to control the output frequency of the MCUPLL. The settings for each bit and field in the register
are described in Table 5-9.

MPFSRO MCUPLL Frequency Select Register O Ox(FF)FFF202
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ ‘ MMFI | MBRMO ‘ MMFN |
TYPE w - rwrworw rw rw rw rw rw rw rw rw rw rw rw
0 1 1 1 1 0 0 1 1 1 0 1 0 0 0
RESET
0x3CE8
Table 5-9. MCUPLL Frequency Select Register 0 Description
Name Description Setting
Reserved Reserved This bit is reserved and should be
Bit 15 set to 0.
MMFI MCUPLL Multiplication Factor Integer—This field This field should be programmed
Bits 14—11 contains the integer part of the fraction of the multiplication to MMFI and set so that the
factor of the MCUPLL. This field is used by the MCUPLL to output frequency is less than
generate the assigned frequency. 200 MHz. The minimum value for
this field is 5. If a value less than
5 is used, the MMFI will operate
as if the value was set to 5.
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Table 5-92 RMCUPLD Fr&quendySelectRegister0/Description (Contindeéd)

second order, otherwise, it has the first order. The first order
BRM has to be used if a MPF fractional part is both more
than one-tenth and less than nine-tenths. In other cases, the
second order BRM should be used.

Note:

The value of MPF is derived from MMFN/MMFD.

When 1/10 < MPF<9/10: MBRMO = 0.

When MPF <1/10 or MPF = 9/10 MBRMO = 1.

Name Description Setting
MBRMO MCUPLL BRM Order—This bit is used to control the BRM 0 = BRM has first order.
Bit 10 order of the PLLs. When this bit is set, the BRM has the 1 = BRM has second order.

MMFN MCUPLL Multiplication Factor Numerator—This field
Bits 9-0 contains the numerator of fractional part of Multiplication
Factor of MCUPLL. It is used by MCUPLL to generate the
assigned frequency.

This field should be programmed
to MMFD and set so that the
output frequency is less than
200 MHz.

5.4.3 MCUPLL Frequency Select Register 1

The MCUPLL frequency select register 1 (MPFSR1) is one of two registers that contain fields and
registers which control the output frequency of the MCUPLL. The settings for each bit and field in the

register are described in Table 5-10.

MPFSR1 MCUPLL Frequency Select Register 1 Ox(FF)FFF204
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ MPDF(3:0] | ‘ MMFD |
TYPE rw rw rw rw w rw rw rw rw rw rw w rw rw
0 o o 1 1 0 o 0o 1 1 1 1 1 1 A 1
RESET
Ox18FF

Table 5-10. MCUPLL Frequency Select Register 1 Description

to generate the assigned frequency.

Name Description Setting
Reserved Reserved This bit is reserved and should
Bit 15 be set to 0.
MPDF[3:0] MCUPLL Pre-Division Factor—This field contains the This field should be programmed
Bits 14—11 pre-divider factor of the MCUPLL. It is used by the MCUPLL | to MPDF-1 and set so that the

output frequency is less than
200 MHz.

factor of the MCUPLL. It is used by the MCUPLL to generate
the assigned frequency.

Reserved Reserved This bit is reserved and should
Bit 10 be set to 0.

MMFD MCUPLL Multiplication Factor Denominator—This field This field should be programmed
Bits 9-0 contains the divider of the fractional part of the multiplication | to MMFD-1 and set so that the

output frequency is less than
200 MHz.
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The USBPLL frequency select register 0 (UPFSRO) is one of two registers that contain the fields and
registers which control the output frequency of the USBPLL. The settings for each bit and field in the

register are described in Table 5-11.

UPFSRO USBPLL Frequency Select Register 0 Ox(FF)FFF208
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ‘ UMFI ‘ UBRMO ‘ UMFN
TYPE rw rw rw rw rw rw rw rw rw rw rw rw rw rw
0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1
RESET
0x2CO01
Table 5-11. USBPLL Frequency Select Register 0 Description
Name Description Setting
Reserved Reserved This bit is reserved and should be
Bit 15 setto 0.
UMFI USBPLL Multiplication Factor Integer—This field contains | This field should be programmed
Bits 14—11 the integer part of the fraction part of multiplication factor of | to UMFI and set so that the output
USBPLL. It is used by USBPLL to generate the assigned frequency is less than 200 MHz.
frequency. The minimum value for this field
is 5. If a value less than 5 is used,
the UMFI will operate as if the
value was set to 5.
UBRMO USBPLL BRM Order—This bit is used to control the BRM 0 = BRM has first order.
Bit 10 order of the PLLs. When this bit is set, the BRM has the 1 = BRM has second order.
second order, otherwise, it has the first order. The first order
BRM must be used if an MPF fractional part is both more
than one-tenth and less than nine-tenths. In other cases, the
second order BRM should be used.
Note:
The value of MPF is derived from UMFN/UMFD.
When 1/10 < MPF< 9/10: UBRMO = 0.
When MPF < 1/10 or MPF = 9/10: UBRMO = 1.
UMFN USBPLL Multiplication Factor Numerator—This field This field should be programmed
Bits 9-0 contains the numerator of the fractional part of multiplication | to UMFD and set so that the
factor of the USBPLL. It is used by the USBPLL to generate | output frequency is less than
the assigned frequency. 200 MHz.
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5.4.5 USBPLL¥Frequency Select Register-1

The USBPLL frequency select register 1 (UPFSR1) is one of two registers containing fields and registers
that control the output frequency of the USBPLL. The settings for each bit and field in the register are
described in Table 5-12.

UPFSR1 USBPLL Frequency Select Register 1 Ox(FF)FFF20A
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | UPDF[3:0] | ‘ UMFD ‘
TYPE rw w w rw rw rw rw rw rw rw rw rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 5-12. USBPLL Frequency Select Register 1 Description

Name Description Setting

Reserved Reserved This bit is reserved and should

Bit 15 be set to 0.

UPDF[3:0] USBPLL Pre-Division Factor—This field contains the This field should be programmed

Bits 14—11 pre-divider factor of USBPLL. This field is used by the to UPDF-1 and set so that the
USBPLL to generate the assigned frequency. output frequency is less than

200 MHz.

Reserved Reserved This bit is reserved and should

Bit 10 be set to 0.

UMFD USBPLL Multiplication Factor Denominator—This field This field should be programmed

Bits 9-0 contains the divider of the fractional part of the multiplication | to UMFD-1 and set so that the
factor of USBPLL. This field is used by the USBPLL to output frequency is less than
generate the assigned frequency. 200 MHz.

5.4.6 CPU Power Control Register

The CPU power control register (PCTLR) controls the operation of the CPU power control module and
also controls the width of the CPU clock bursts. The settings for each bit and field in the register are
described in Table 5-13.

PCTLR CPU Power Control Register Ox(FF)FFF207
BIT BIT
7 6 5 4 3 2 1 0
‘ PCEN ‘ ‘ WIDTH ‘
TYPE w w w w w rw
0 0 1 1 1 1 1
RESET
Ox1F
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Name Description Setting
PCEN Power Control Enable—This bit, derived from 0 = CPU power control is
Bit 7 MC68VZ328, controls the operation of the CPU power disabled.
control module. When this bit is low, the CPU clock is on 1 = CPU power control is
continuously. When this bit is high, the pulse-width enabled.
comparator presents the clock to the CPU in bursts or
disables it. When this bit is high, a masked interrupt can
disable the CPU power control module.
Reserved Reserved These bits are reserved and
Bits 6-5 should set to 0.
WIDTH Width—This field controls the width of the CPU clock bursts | 00000 = CPU clock always off.
Bits 4-0 in increments of 1/31 32.768 kHz clock cycles. When this 00001 = 1/31 32.768 kHz clock

$31, the clock is always on. The CPU clock can be woken up
without waiting for the MCUPLL to reacquire lock. The
contents of this field are not affected by the PCEN bit. When
an interrupt disables the CPU power control module, these
bits are not changed.

field is set between 1 to 30, the CPU clock is applied in burst burst width.
widths of 1 to 30, respectively, 32.768 kHz clock cycles. 00010 = 2/31 32.768 kHz clock
When it is set to 0, the clock is always off. When it is set to burst width.

11111 = CPU clock always on.

5.4.7 Clock Sources Control Register

The clock sources control register (CSCR) is used to select the clock source and control the divide ratios
for the USB and DMA clocks. The settings for each bit and field in the register are described in Table 5-14.

CSCR Clock Sources Control Register Ox(FF)FFF20C
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ USBSEL ‘ PLLBYPB ‘ USBCDIV | DMACDIV | | OSC16EN ‘ CLKOSEL
TYPE rw rw rw rw rw w rw rw w rw rw
0 0 0 1 0 0 1 0 0 0 0 0 0 1 1
RESET
0x8903
Table 5-14. Clock Sources Control Register Description
Name Description Setting
USBSEL USB Select—This bit selects the clock source from the external 0 = Pre-multiplier output.
Bit 15 16 MHz crystal or the 16 MHz clock from pre-multiplier output. 1 = External 16 MHz crystal.
PLLBYPB USBPLL ByPass—This bit, when negated, bypasses the USBPLL. | 0 = Bypasses USBPLL.
Bit 14 The external oscillator is used to provide all the clocks to the chip 1 = Use USBPLL.
except for the 32.768 kHz clock.
USBCDIV USB Clock Divider—This field controls the divide ratio used by the | 000 = USBPLL_CLK /2
Bits 13—11 USB clock divider to convert USBPLL_CLK to the USB clock. 001 =USBPLL_CLK/ 4
010 = USBPLL_CLK/8
011 =USBPLL_CLK/ 16
1xx = USBPLL_CLK/ 1
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Table 5-F4.HClock Sourdes [ContraliRegister Description{Continued)

Name Description Setting
DMACDIV DMA Clock Divider—This field controls the divide ratio used by the | 000 = MCUPLL_CLK /2
Bits 10-8 DMA clock divider to convert MCUPLL_CLK to the DMA clock. 001 = MCUPLL_CLK/ 4

010 = MCUPLL_CLK/ 8

011 = MCUPLL_CLK/ 16

1xx = MCUPLL_CLK /1
Reserved Reserved These bits are reserved and
Bits 7-4 should set to 0.
OSC16EN 16 MHz Oscillator Enable—This bit enables or disables the internal | 0 = Disable the internal
Bit 3 16 MHz oscillator. 16 MHz oscillator.

1 = Enable the internal

16 MHz oscillator.

CLKOSEL | Clock Select—This field selects one of the eight internal signals or | 000 = PRE_MULT_CLK
Bits 2-0 clocks brought outside the chip. 001= MCUPLL_CLK

010 = USBPLL_CLK

011 = System clock

100 = USB clock

101 = DMA clock

110 = CPU clock

111 = LCD clock
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Chapter 6
System Control

This chapter describes the system control register of the MC68SZ328 microprocessor. The system control
register enables system software to control and customize the following functions:

*  Access permission from the internal peripheral registers
* Address space of the internal peripheral registers

* Bus time-out control and status (bus error generator)

6.1 System Control Operation

The on-chip resources use a reserved 8,192-byte block of address space for their registers. This block is
mapped beginning at location 0xFFFE0000 (32-bit) or 0xXXFE0000 (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
0xFFFE0000.

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 DTACK signal after 128 clock cycles have elapsed.

6.1.1 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 AS pin is asserted for internal or external bus accesses. The deassertion of AS
normally terminates the count, but if the count reaches terminal count before AS is deasserted, BERR is
asserted until AS is 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-protect violation or privilege.

The watchdog timer resets the MC68SZ328 if it is enabled and not cleared or disabled before reaching
terminal count. The watchdog timer is enabled at reset.

6.2 Programming Model

The following sections provide detailed programming information about the system control register and
the other registers associated with its operation.
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The 8-bit read/write system control register (SCR) resides at the address OxFFFE0000 or 0xXXFE0000
(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 6-1.

SCR System Control Register Ox(FF)FFFO000
BIT7 6 5 4 3 2 1 BITO
BETO WPV PRV BETEN SO DMAP
TYPE rw rw rw rw rw rw
0 0 0 1 1 1 0 0
RESET
0x1C
Table 6-1. 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 0 = A write-protect violation did not occur.

Bit 6 indicates that a write-protect violation has 1 = A write-protect violation has occurred.
occurred. If a write-protect violation occurs and
the BETEN bit is not set, the current bus cycle
will not terminate. The BETEN bit must be set for
a bus error exception to occur during a
write-protect violation. 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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Name Description Setting

DMAP Double Map—This control bit controls the 0 = The on-chip registers are mapped at

Bit 2 double-mapping function. OxFFFEOOO0O0—OxFFFFFFFF.
1 = The on-chip registers are mapped at

OxXXFEO000-0xXXFFFFFF.

This bit is used for manufacturing testing and is
enabled by default. The user should set it to O for
general use.

Reserved | Reserved These bits are reserved and read 0.

Bits 1-0

6.2.2 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
bits in the register are listed in Table 6-2.

PCR Peripheral Control Register Ox(FF)FFFO003
BIT7 6 5 4 3 2 1 BITO
UCLK P[1:0] T[1:0]
TYPE rw w w w w
0 0 0 0 0 0 0 0
RESET
0x00
Table 6-2. 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 UART 2’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.
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Name Description Setting

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 01 = TIN/TOUT is connected to Timer 2.
signal 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 12.2, “Timer 11 =Timer 1 OUT -> Timer 2 IN; TIN -> Timer 1
Multiplexing,” on page 12-2. (DIR6 = 0), or TOUT -> Timer 2 (DIR6 = 1).

6.2.3 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 bits in the register are listed in Table 6-3.

IDR ID Register Ox(FF)FFF004
%';r 30 29 28 27 26 25 24 23 22 21 20 19 18 17 E:I;’
CHIPID MASKID
TYPE r r r r r r r r r r r r r r r r
0 1 0 1 0 0 1 1 0 0 0 1 0 0 0 0
RESET 0x5310
0x5301
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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 6-3. 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 Note: Silicon 0L95J = "00010000”, silicon 3L57D = "00000001.”
SWID Software ID—This field contains the custom software ID. It is normally “0000.” | See description
Bits 15-0
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This register controls the driving strength of all I/O signals. By default, all pins are defaulted to 4 mA
driving current. After reset, system software should select 8 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 6-4.

IODCR I/O Drive Control Register Ox(FF)FFFO008

BIT BIT

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

PR PP PN AB DB CB PM PK | PJ | PG| PF | PE | PD | PC | PB
TYPE rw rw rw 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 0
RESET

0x0000
Table 6-4. 1/O Drive Control Register Description
Name Description Setting
PR Port R I/O Drive Control—This bit controls the drive 0 = I/O drive current for each pin is 4 mA.
Bit 15 current for the lines of the port R. 1 = |/O drive current for each pin is 8 mA.
PP Port P I/O Drive Control—This bit controls the drive 0 = 1/O drive current for each pin is 4 mA.
Bit 14 current for the lines of the port P. 1 = 1/O drive current for each pin is 8 mA.
PN Port N I/O Drive Control—This bit controls the drive 0 = I/O drive current for each pin is 4 mA.
Bit 13 current for the lines of the port N. 1 =1/O drive current for each pin is 8 mA.
AB Address Bus Signals I/O Drive Control—It should be | 0 = 1/O drive current for each pin is 4 mA.
Bit 12 noted that A[23:20] are controlled by the PF bit. 1 = 1/O drive current for each pin is 8 mA.
DB Upper Data Bus Signals I/O Drive Control—The 0 = 1/O drive current for each pin is 4 mA.
Bit 11 lower data bus is controlled by the PA bit. 1 =1/O drive current for each pin is 8 mA.
CB Control Bus Signals—Only those signals or functions | 0 = I/O drive current for each pin is 4 mA.
Bit 10 not multiplexed with GPIO are controlled by this bit. 1 =1/O drive current for each pin is 8 mA.
PM-PB Port M to Port B Group I/0 Drive Control—Each bit 0 = I/O drive current for each pin is 4 mA.
Bits 9-0 controls the drive current for the lines in the respective | 1 = 1/O drive current for each pin is 8 mA.
port.
Reserved Reserved This bit is reserved and reads 0.
Bit 0
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Chapter 7
Chip-Select Module

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

7.1 Overview

The MC68SZ328 microprocessor contains twelve chip-select signals: ten general-purpose, programmable
chip-select signals, which are used to select external devices; one signal to select eSSRAM; and one for the
emulation module. The signals are arranged in four groups of two chip-selects and four groups of single
chip-selects—CSA[1:0], CSB[1:0], CSC[1:0], CSD[1:0], CSE, CSF, CSG, and EMUCS.

CSAQO is a special-purpose chip-select signal, which is the boot device chip-select. After reset in normal
mode, all the addresses are mapped to CSAQ until such 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,
CSAO does not decode globally and is only asserted when decoded from the programming information in
the chip-select register.

Group E (CSE) and Group F (CSF) are different from Groups A, B, C, and D. CSE can be programmed as
row address strobe 0 (RASO) for the DRAM interface or chip-select 0 (SD_CSO0) for the SDRAM
interface. Similarly, CSF can be programmed as row address strobe 1 (RAS1) for the DRAM interface or
chip-select 1 (SD_CS1) for the SDRAM interface. Users should note that column address strobes
(CASO/CAST1) are connected to different I/O pins. For details, refer to Section 8.6.2, “SDRAM Control
Registers,” on page 8-7 and Section 7.3.2, “Chip-Select Registers,” in this chapter. Group G (CSG) is
unique, in that it is a specific internal signal for eSRAM.

Each memory area can be defined as an internally generated cycle-termination signal, called DTACK, with
a programmable number of wait states. This feature saves board 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, or synchronous) are supported, as shown in
Table 7-1.

Table 7-1. Chip-Select and Memory Types

Chip-Select Signal Memory Supported Max Size

CSA0 ROM, SRAM, flash memory chip 32 Mbyte

CSA1 ROM, SRAM, flash memory chip 32 Mbyte

CSBO0 ROM, SRAM, flash memory chip 32 Mbyte

CSB1 ROM, SRAM, flash memory chip 32 Mbyte
MOTOROLA Chip-Select Module 7-1

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



h -

P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

hip-Select Module Freescale Semiconductor, Inc.

Aablel 24D Chip=Select and Meniory T¢pes (Cohtinued)C. 2005

Chip-Select Signal Memory Supported Max Size
CSCo ROM, SRAM, flash memory chip 32 Mbyte
CSC1 ROM, SRAM, flash memory chip 32 Mbyte
CSDOo ROM, SRAM, flash memory chip 32 Mbyte
CSD1 ROM, SRAM, flash memory chip 32 Mbyte

CSE/RAS0/SDCS0 EDO DRAM, SDRAM, ROM, SRAM, flash memory 32 Mbyte

chip-select

CSF/RAS1/SDCS1 EDO DRAM, SDRAM, ROM, SRAM, flash memory 32 Mbyte

chip-select
CSG eSRAM only eSRAM size
EMUCS Used with In-circuit emulation module emulation space

The basic chip-select model allows 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 goes low. 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 (256 kbyte, 512 kbyte, 1 Mbyte,

2 Mbyte, 4 Mbyte, 8 Mbyte, 16 Mbyte, or 32 Mbyte). These memory ranges represent the most popular
memory sizes available on the market and apply to the registers CSB, CSC, CSD, CSE, and CSF. The CSA
register primarily supports ROM. 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 parameters that can be
programmed include the internal or external DTACK selection, the number of wait states (from O to 13)
and data bus size selection.

7.2 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
this size. Therefore, a 256 kbyte block size must begin on a 256 kbyte boundary, and a 512 kbyte block
size can only begin on a 512 kbyte 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 to occur during
interrupt acknowledge (Function Code 7) cycles.

7.2.1 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, a low battery). However, a certain area of this
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chip-select—controlled A8 ¢dhvie[priogrdniniddas feads vakite) Wiichprbvidesoplithal Afiémory use, as

shown in Figure 7-1. This area can be defined by programming the UPSIZ bits in the CSB, CSC, CSD,
CSE, and CSF registers to between 32K and the entire chip-select area.

Unprotected Memory (Read/Write)

~
~ - / - _v_
A Up to 32 Mbyte

Memory RAM CSBO A
Map N { Up to 32 Mbyte
\ CsB1
\ Up to 32 Mbyte
\
N S |

/\/\ Protected Memory

(Supervisor-Only, Read-Only)

Figure 7-1. CSBO0 and CSB1 Size Selection and Memory Protection

7.2.2 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 cycle. In this case, only the external CPU data bus upper byte
(D[15:8]) is used, and the least significant bit of the address (AQ) increments automatically from one to the
next. AO should be ignored in 16-bit data bus 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 CSAO, 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 for the 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 (OxFFFE0O000 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 CSAO and the data width of the boot ROM device are
determined by the state of BUSW. The other chip-selects are initialized to be invalid, so they will not
assert until they are programmed and the EN bit is set in the chip-select registers.

MOTOROLA Chip-Select Module 7-3
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Do not program group address and chip-select registers to 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 tries to write to a read-only location that has already been programmed, the chip-select and
DTACK signals will 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.

7.3 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 a particular group of devices is initialized and the
EN bit is set in the corresponding chip-select register. The only exception is the CSAOQ signal, which is the
boot device chip-select.

7.3.1 Chip-Select Group Base Address Registers

The upper 14 bits of each base address register select 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-select 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 a 4 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 X 2 Mbyte, 0 X 3 Mbyte, 0 X 5 Mbyte, and so on.

CSGBA Chip-Select Group A Base Address Register Ox(FF)FFF100
812- 14 13 12 11 10 9 8 7 6 5 4 3 2 1 B(I)T

‘GBA31 |GBA30|GBA29‘GBA28‘GBA27‘GBA26‘GBA25|GBA24|GBA23‘GBA22‘GBA21 ‘GBA20‘GBA19‘GBA18| | |

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

Table 7-2. Chip-Select Group A Base Address Register Description

Name Description Setting
GBAXx Group A Base Address—These bits select The chip-select base address must be set
Bits 15-2 the high-order bits (31-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
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CSGBB Chip-Select Group B Base Address Register Ox(FF)FFF102
51"5T 14 13 12 11 10 9 8 7 6 5 4 3 2 1 B(')T

|GBBS1 ‘GBBSO‘GBB29‘GBB28‘GBBZ7|GBB26|GBB2S‘GBBZ4‘GBBZS‘GBBQZ‘GBBZ1 |GBB20|GBB19‘GBB18‘ | ‘

TYPE rw w 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 7-3. 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 152 the high-order bits (31-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
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

‘GBCS1 ‘GBCSO‘GBC29‘GBC28 ‘ GBCZ7|GBCZS|GBCZS‘GBCZ4‘GBCZS‘GBCQ2 ‘ GBC21 |GBCZO|GBC19‘GBC18‘ |

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

Table 7-4. 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 15-2 the high-order bits (31—-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
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/CHip SEIREN Grotp D Bass Nddress Register\ C. 205(FF)FFF106

13 12 11 10 9 8

BIT

7 6 5 4 3 2 1 0

‘ GBD31 ‘ GBD30 ‘ GBD29 | GBD28 | GBD27 ‘ GBD26 ‘ GBD25 ‘ GBD24 ‘ GBD23 | GBD22 | GBD21 ‘ GBD20 ‘ GBD19 ‘ GBD18 ‘ ‘

TYPE rw rw 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 o0
RESET
0x0000
Table 7-5. 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 152 the high-order bits (31-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
CSGBE Chip-Select Group E Base Address Register Ox(FF)FFF180
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ GBE31 ‘ GBE30 ‘ GBE29 | GBE28 | GBE27 ‘ GBE26 ‘ GBE25 ‘ GBE24 ‘ GBE23 | GBE22 | GBE21 ‘ GBE20 ‘ GBE19 ‘ GBE18 ‘ ‘

TYPE rw rw rw rw rw w rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0O O
RESET
0x0000
Table 7-6. Chip-Select Group E Base Address Register Description
Name Description Setting
GBEX Group E Base Address—These bits select The chip-select base address must be set
Bits 152 the high-order bits (31—-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
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CSGBF Chip-Select Group F Base Address Register Ox(FF)FFF182
812- 14 13 12 11 10 9 8 7 6 5 4 3 2 1 B(I)T

‘GBF31 |GBF30‘GBF29‘GBF28|GBF27‘GBF26‘GBF25|GBF24‘GBF23‘GBF22|GBF21 ‘GBFZO‘GBF19‘GBF18‘ ‘ ‘

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

Table 7-7. Chip-Select Group F Base Address Register Description

Name Description Setting
GBFx Group F Base Address—These bits select The chip-select base address must be set
Bits 15—2 the high-order bits (31-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.
CSGBG Chip-Select Group G Base Address Register Ox(FF)FFF184

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

|GBG31 ‘GBGSO‘GBGZQ‘GBGZS‘GBG27‘GBG26|GBG25|GBG24‘GBG23‘GBGZZ‘GBG21 ‘GBG20|GBG19|GBG18‘ ‘ ‘

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

Table 7-8. Chip-Select Group G Base Address Register Description

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Name Description Setting
GBGx Group G Base Address—These bits select The chip-select base address must be set
Bits 15-2 the high-order bits (31-18) of the starting according to the size of the corresponding
address for the chip-select range. chip-select signals of the group.
Reserved Reserved These bits are reserved and should be set to
Bits 1-0 0.

7.3.2 Chip-Select Registers

There are seven 16-bit chip-select (CSA, CSB, CSC, CSD, CSE, CSF, and CSG) 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 as to program the
required wait states or use the external DTACK signal. The settings for the registers are described in
Table 7-9 through Table 7-15 on page 7-18.
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CSA ARCHIVED EGHip 38166t RegistsrAIDUCTOR, INC. 20%(FF)FFF110
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| RO | | FLasH | Bsw | wsa1 | sz | EN |
TYPE rw rw rw w rw rworworwoorw rw
0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0
RESET
0x00B0
Table 7-9. Chip-Select Register A 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
Reserved | Reserved These bits are reserved and should be set to 0.
Bits 14-9
FLASH Flash Memory Support—When 0 = The chip-select and LWE/UWE signals go active
Bit 8 enabled, this bit provides support for at the same clock edge.
flash memory by forcing the LWE/UWE 1 = The chip-select signal goes low 1 clock before
signal to go 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 bit.
Bit 7 bus width for this chip-select area. 1 =16 bit.
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 wait states.
Note: When using the external DTACK | 100 =8 + WSO wait states.
signal, you must configure the 101 =10 + WSO0 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 FWS0, EWS0, DWS0, CWS0, BWSO0, or
AWSO bit in the CSCTRL1 register.
Siz Chip-Select Size—This field determines | 000 = 256 kbyte
Bits 3—-1 the memory range of the chip-select. 001 = 512 kbyte
010 = 1 Mbyte
011 =2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
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TablE 7-9/ E Chip‘Selec ERéyister AFDasCfiption (Centintiéd) 2005

Name Description Setting
EN Chip-Select Enable—This write-only bit | 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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 | wsa2 | sz | En |
TYPE rw rw rw rw w rw w  rwrw rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-10. 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1,
“System Control Register,” on page 6-2 for
more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 109
MOTOROLA Chip-Select Module 7-9
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TableC7-10 E [Chip-Sélédt RedisterB-Description(Contintied)2005

Name Description Setting
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 bit.
Bit 7 bus width for this chip-select area. 1 =16 bit.
WS4-2 Wait State—This field determines the 000 = 0 + BWS1 + BWSO0 wait states.
Bits 64 number of wait states added before an 001 =4 + BWS1 + BWSO0 wait states.
internal DTACK signal is returned for this 010 = 8 + BWS1 + BWSO0 wait states.
chip-select. 011 =12 + BWS1 + BWSO0 wait states.
Note: When using the external DTACK | 100=16 + BWS1 + BWSO wait states.
signal, you must configure the 101 =20 + BWS1 + BWS0 wait states.
BUSW/DTACK/PGO pin. 110 = 24 + BWS1 + BWSO0 wait states.
111 = External DTACK.
When using the external DTACK signal, you must
select DTACK function in Port G.
BWS1 and BWSO0 are programmed in the CSCTRL1
register and CSCTRLS3 register, respectively.
Sz Chip-Select Size—This field determines 000 = 256 kbyte
Bits 3—1 the memory range of the chip-select. 001 =512 kbyte
010 = 1 Mbyte
011 =2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit O enables each chip-select. 1 = Enabled.
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cscC ARCHIVED EOHip-Sel6ctRegistsr@IDUCTOR, INC. 20%{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 | wsz1 | sz | En |
TYPE rw 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 7-11. 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1,
“System Control Register,” on page 6-2 for
more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 109
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.
BSwW Data Bus Width—This bit sets the data 0 = 8 bit.
Bit 7 bus width for this chip-select area. 1 =16 bit.
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TableC71Y EIChip-Seléct Register:C-Description(Contintied) 2005

Name Description Setting
WS3-1 Wait State—This field determines the 000 = 0 + WSO wait states.
Bits 64 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 wait states.
Note: When using the external DTACK | 100 =8 + WSO 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 FWS0, EWS0, DWS0, CWS0, BWSO, or
AWSO bit in the CSCTRL1 register.
SIZ Chip-Select Size—This field determines 000 = 256 kbyte
Bits 3—1 the memory range of the chip-select. 001 = 512 kbyte
010 = 1 Mbyte
011 =2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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 | | | Fast [Bsw | wss-1 | sz | EN |
TYPE rw rw rw rw rw rw W rw rw rw rworw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-12. Chip-Select Register D 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
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TableC7-12 E [Chip-Sélédt RedisterdD-Description(Contintied)2005

Name Description Setting
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 109
FLASH Flash Memory Support—When 0 = The chip-select and LWE/UWE signals go active
Bit 8 enabled, this bit provides support for flash at the same clock edge.
memory by forcing the LWE/UWE signal 1 = The chip-select signal goes low 1 clock before
to go active after chip-select. LWE/UWE.
Note: This bit is used for expanded
memory size for CSD when the DRAM bit
is enabled.
BSwW Data Bus Width—This bit sets the data 0 = 8 bit.
Bit 7 bus width for this chip-select area. 1 = 16 bit.
WS3-1 Wait State—This field contains the 3 000 = 0 + WSO wait states.
Bits 64 most significant bits of the 4-bit wait-state | 001 = 2 + WSO wait states.
value. The least significant bit is located 010 = 4 + WSO wait states.
in the chip-select control register 1. The 011 = 6 + WSO wait states.
value of these 4 bits determines the 100 = 8 + WSO wait states.
number of wait states added to a bus 101 = 10 + WSO wait states.
cycle before an internal DTACK is 110 = 12 + WSO wait states.
asserted to terminate the chip-select 111 = External DTACK.
cycle.
When using the external DTACK signal, you must
select DTACK function in Port G.
WSO is the FWS0, EWS0, DWS0, CWS0, BWSO, or
AWSO bit in the CSCTRL1 register.
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TableC7-12 E [Chip-Seéledt Regdisterd):-Description(Contintiéd)2005

Name Description Setting
Siz Chip-Select Size—This field determines | 000 = 256 kbyte
Bits 3—1 the memory range of the chip-select. 001 =512 kbyte

010 = 1 Mbyte
011 = 2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
EN Chip-Select Enable—This write-only bit | 0 = Disabled.
Bit 0 enables each chip-select. 1 = Enabled.
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CSE ChipSeilect RedisterE OX{FF)FFF190
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RO ‘ sop ‘ ROP ‘ UPSIZ | ‘ DRAM ‘ FLASH ‘ BSW ‘ WS3-1 ‘ sz ‘ EN |
TYPE rw rw rw rw w rw rw w rwrworw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-13. Chip-Select Register E 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1,
“System Control Register,” on page 6-2 for
more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 This bit is reserved and should be set to 0.
Bit 10
DRAM DRAM Selection—This bit is used to 0 = Select CSE.
Bit 9 enable DRAM function in 1 = Select RAS0/SDCSO0.
CSE/RASO0/SDCSO0 pin.
FLASH Flash Memory Support—When enabled, | O = 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.
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Table 7418 E[Chip-Sélect Regdister-E-Description((Contintied) 2005

Name Description Setting
BSW Data Bus Width—This bit sets the data 0 = 8 bit.
Bit 7 bus width for this chip-select area. 1 =16 bit.
WS3-1 Wait State—This field determines the 000 = 0 + WSO wait states.
Bits 64 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 wait states.
Note: When using the external DTACK | 100 =8 + WSO 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 FWS0, EWS0, DWS0, CWS0, BWSO0, or
AWSO bit in the CSCTRLT1 register.
Sz Chip-Select Size—This field determines 000 = 256 kbyte
Bits 3—1 the memory range of the chip-select. 001 =512 kbyte
010 = 1 Mbyte
011 =2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit O enables each chip-select. 1 = Enabled.
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CSF ChipiSelect RegisterF Ox{FF)FFF192
BT 44 13 12 11 10 o9 8 7 6 5 4 3 2 1 BT
15 0
‘ RO ‘ sop ‘ ROP ‘ UPSIZ | ‘ DRAM ‘ FLASH | BSW | WS3-1 ‘ sz ‘ EN |
TYPE w 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 7-14. Chip-Select Register F 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1,
“System Control Register,” on page 6-2 for
more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 This bit is reserved and should be set to 0.
Bit 10
DRAM DRAM Selection—This bit is used to 0 = Select CSF.
Bit 9 enable DRAM function in 1 = Select RAS1/SDCS1.
CSF/RAS1/SDCS1 pin.
FLASH Flash Memory Support—When enabled, | O = 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.
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Name Description Setting
BSwW Data Bus Width—This bit sets the data 0 = 8 bit.
Bit 7 bus width for this chip-select area. 1 =16 bit.
WS3-1 Wait State—This field determines the 000 = 0 + WSO wait states.
Bits 64 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 wait states.
Note: When using the external DTACK | 100 =8 + WSO 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 FWS0, EWS0, DWS0, CWS0, BWSO0, or
AWSO bit in the CSCTRLT1 register.
Sz Chip-Select Size—This field determines 000 = 256 kbyte
Bits 3—1 the memory range of the chip-select. 001 =512 kbyte
010 = 1 Mbyte
011 =2 Mbyte
100 = 4 Mbyte
101 = 8 Mbyte
110 = 16 Mbyte
111 = 32 Mbyte
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit O enables each chip-select. 1 = Enabled.
CSG Chip-Select Register G Ox(FF)FFF194
BT 14 13 12 1 10 o 8 7 6 5 4 3 2 1 °7
‘ RO ‘SOP‘ROP‘ UPSIZ ‘ BCLKMD | | | | | | ‘ | | ‘ EN |
TYPE rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-15. Chip-Select Register G 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 6.2.1, “System Control Register,”
on page 6-2 for more information.
7-18 MC68SZ328 Reference Manual MOTOROLA

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



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale Semiconductor, Inc.

Table(7-15 E [Chip-Sélect RegisterdG-Description (Contintied)2005

Programming Model

Name Description Setting
SOP Supervisor-Use-Only Protected 0 = Supervisor/user.
Bit 14 Memory Block—This bit sets the 1 = Supervisor-only.
protected memory 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 6.2.1,
“System Control Register,” on page 6-2 for
more information.
ROP Read-Only for Protected Memory 0 = Read/write.
Bit 13 Block—This bit sets the protected 1 = Read-only.
memory 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 = eSRAM size.
11 = reserved.
BCLKMD Burst Clock Mode—This bit is used to 0 (default) = constant clock.
Bit 10 dynamically turn/off the clock to 1 = dynamic clock.
embedded SRAM.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 94
EN Chip-Select Enable—This write-only bit 0 = Disabled.
Bit O enables each chip-select. 1 = Enabled.
MOTOROLA Chip-Select Module 7-19
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7.3.3 EmulatiomChip-Select RegistersEMICONDUCTOR, INC. 2005

In addition to the eight general-purpose chip-select signals, the MC68EZ328 has an emulation chip-select
register (EMUCS) that is specifically designed for the in-circuit emulation module. This register provides
wait states 12-0, depending on the type of chip used. External logic (DTACK) may also be used to have
longer wait states. EMUCS is only valid for the 0xFFFC0000-0xFFFDFFFF 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 rw rw
0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
RESET
0x0060

Table 7-16. Emulation Chip-Select Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15-7
WSs3-1 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 EMUWSO bit in the CSCTRL1

register.
Reserved Reserved These bits are reserved and should be set to 0.
Bits 3-0
7-20 MC68SZ328 Reference Manual MOTOROLA

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



Freescale Semiconductor, Inc. p .
rogramming Model

7.3.4 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 7-17 on

page 7-21.

CSCTRL1 Chip-Select Control Register 1 Ox(FF)FFF18A
?'ST 14 13 12 1 10 9 8 7 6 5 4 3 2 1 B(')T

FIELD |EWSO‘ EUPEN|SR16| EMUWSO‘DWSO‘CWSO|BWS1 ‘AWSO| FWSO‘FUPSZ‘EUPSZ ‘ DUPSZI ICUPSZ‘ |BUP82|

TYPE rw rw 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 7-17. Chip-Select Control Register 1 Description
Name Description Setting

EWSO0 CSE Wait State Bit 0—This bit is the lowest Refer to Table 7-13 on page 7-15 on the
Bit 15 significant bit of the CSE wait state register. chip-select register E for the wait state setting.
EUPEN Extra UPSIZ Bit Enable—This bit enables the | 0 = EUPEN bit not set.
Bit 14 BUPS2, CUPS2, DUPS2, EUPS2, and FUPS2 | 1 = EUPEN bit set.

bits to work with 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.
EMUWSO0 EMUCS Wait State Bit 0—This bit is the Refer to Table 7-16 on page 7-20 on the
Bit 12 lowest significant bit of the EMUCS wait state EMUCS register for the wait state setting.

register.
DWSO0 CSD Wait State Bit 0—This bit is the lowest Refer to Table 7-12 on page 7-12 on the
Bit 11 significant bit of the CSD wait state register. chip-select register D for the wait state setting.
CwWso CSC Wait State Bit 0—This bit is the lowest Refer to Table 7-11 on page 7-11 on the
Bit 10 significant bit of the CSE wait state register. chip-select register C for the wait state setting.
BWS1 CSB Wait State Bit 1—This bit represents bit | Refer to Table 7-10 on page 7-9 on the
Bit 9 1 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 7-9 on page 7-8 on the
Bit 8 significant bit of the CSA wait state register. chip-select register A for the wait state setting.
FWSO0 CSF Wait State Bit 0—This bit is the lowest Refer to Table 7-14 on page 7-17 on the
Bit 7 significant bit of the CSF wait state register. chip-select register F for the wait state setting.
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Table 7H1Z H|Chip-Select:CoritfoPRegistey ICDe'sEription (Cohtinugd) 5

Name Description Setting

FUPS2 UPSIZ Bit 2 for CSF Register—This is the For information on calculating unprotected

Bit 6 most significant bit for UPSIZ[2:0] when the memory size, see Example 7-1 on page 7-22.
EUPEN bit is set.

EUPS2 UPSIZ Bit 2 for CSE Register—This is the For information on calculating unprotected

Bit 5 most significant bit for UPSIZ[2:0] when the memory size, see Example 7-1 on page 7-22.
EUPEN bit is set.

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 7-1 on page 7-22.
EUPEN bit is set.

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 7-1.
bit is set.

Reserved Reserved This bit is 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 7-1.

bit is set.

The unprotected memory size is calculated according to the chip-select addressing space and the UPSIZ

value.

Example 7-1. Unprotected Memory Size Calculation

Unprotected Size =

_ Chip-Select Size

,(7-UPSIZ)

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

follows:

32 Mbyte / 2079 = 2M

7-22
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7.3.5 Chip-Seléct Control Register-2 SEMICONDUCTOR, INC. 2005

This register controls early cycle detection for the dynamic type of memory. It improves CPU access
performance by generally removing one CPU wait state or by relaxing the timing requirement for the

Programming Model

memory.
CSCTRL2 Chip-Select Control Register 2 Ox(FF)FFF10C
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
[ecoo | | | | | |
TYPE rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 7-18. 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, 1 = Enabled.
allowing the CPU to be used with dynamic
memory access. It reduces wait states by one.
Reserved Reserved These bits are reserved and should be set to
Bits 14—0 0.

7.3.6 Chip-Select Control Register 3

This register controls minor timing trims for static memory access.

CSCTRL3 Chip-Select Control Register 3 Ox(FF)FFF150
BIT
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ewe | weext | tows [asT | pst |cst|Bwso [es| | | [ [ ]| ] | |
TYPE rw rw rw rw rw rw rw
0 0 1 1 1 0 0 0 0 0O0O 0 0O 0
RESET
0x9C00
Table 7-19. 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.
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Table/ 7519 |Chip-Select:CaritfolRegistey| B Description (Continugd) 5

Name Description Setting
LCWS Wait State Trim for LCD/DMA-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/DMA-SRAM
access cycle. For example, if the wait state is
set to zero, the chip-select signal to SRAM
lasts 2.5 CPU clock cycles in 68K access, and
2 cycles are used for LCD/DMA access. When
LCWS is enabled, the LCD/DMA access is
delayed; the LCD/DMA access 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.
BWSO0 CSB Wait State Bit 0—This bit is the lowest Refer to Table 7-10 on page 7-9 on the
Bit 9 significant bit of the CSB wait state register. chip-select register B for the wait state setting.
LCS Later CS—When this bit is set, a 1/2 clock 0 = Disable delayed CSBO0 and CSB1.
Bit 8 delay is added to chip-select B signals in 68K 1 = Enable delayed CSB0 and CSB1.
accesses, and a 1 clock delay is added to
chip-select B signals during DMA accesses.
Reserved Reserved These bits are reserved and should be set to
Bits 7—0 0.
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Chapter 8
DRAM Controller

This chapter describes the DRAM controller for the MC68SZ328. The operation of the DRAM controller
is closely linked to the chip-select logic. Refer to Chapter 7, “Chip-Select Module,” for more details.

8.1 DRAM Controller Features

The MC68SZ7328 DRAM controller supports both EDO and synchronous DRAM and has the following
features:

*  Four banks of single data rate 64 Mbit, 128 Mbit, and 256 Mbit SDRAM per chip-select.

* 4 Mbit, 16 Mbit, and 64 Mbit self-refresh type EDO per chip-select with 8, 9, 10, and 11 column
address.

* Two independent chip-selects.

* Up to four banks active simultaneously per SDRAM chip-select line.

* 66 MHz system clock.

*  Programmed burst length of 4 for 16-bit SDRAM.

*  Minimum wait state of 2 at 66 MHz for CPU access.

» Typical access time of 6-1-1-1 at 66 MHz for DMA burst access on SDRAM.

» Typical access time of 6-2-2-2 at 66 MHz for DMA burst access on EDO. Burst length is not limited
to 4 for EDO.

* Two internal bus protocols: one 68K bus protocol and one bursty DMA bus protocol.

*  Configurable row cycle delay (tRC), row precharge delay (tRP), row to column delay (tRCD), and
column to data delay (CAS Latency).

* Data retention capability during user reset.
*  Power-down mode and self-refresh mode for SDRAM power saving.

*  Self-refresh mode for EDO power saving.

8.2 General Architecture

The memory controller in the MC68SZ328 is composed of a chip-select module, an EDO DRAM
controller, and an SDRAM controller. The chip-select module has four chip-select pairs indexed from A to
D, and each chip-select pair is split into upper and lower parts, so there are a total of eight chip-select lines
available on the chip.

MOTOROLA DRAM Controller 8-1
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In addition to the eight/&hip-sEIéEs) theré i€ twolekici chiphdlecsl for) fhé DRAMeonttofler that are
indexed E and F. Control for E and F are independent so that slight variation in device type on E and F is
allowed. The maximum size for each chip-select space is 32 MByte; therefore, the total system DRAM
capacity is 64 MByte.

The two chip-selects for the DRAM controller can be programmed together as either an EDO DRAM
controller or an SDRAM controller. This limits the system in that the EDO DRAM and SDRAM cannot
co-exist. Selecting EDO DRAM signals or SDRAM signals to output from the chip occurs just after a
power-on reset. The selection is derived from the enable bits controlling the multiplexer shown in
Figure 8-1.

The EDO DRAM controller and the SDRAM controller can be considered as two independent modules
except that some modules are shared by both. The blocks named SDRAM Controller and EDO Controller
in Figure 8-1 are independent, finite state machines. All other modules drawn in the figure are shared by
each state machine.

The block named Bus Interface in Figure 8-1 handles the 68K, bursty DMA protocol and converts the
signals to a common form for the state machines so that the state machines need not determine whether
access is 68K or DMA. To some extent, this arrangement also enhances the portability through different
processor buses.

The block named Bank/Page Register in Figure 8-1 is responsible for detecting whether the current access
falls within the same page of the previous access. In short, it detects page hits. In SDRAM mode, the
maximum bank number is eight, and there can be eight pages activated simultaneously. In EDO mode, the
maximum bank number is only two, and there can be two pages activated simultaneously.

The write data bus and read data bus are split and therefore are unidirectional. There is no bidirectional
data bus inside the internal data path until the read and write data buses merge at the I/O pad and are ready
to connect to external devices.

8-2 MC68SZ328 Reference Manual MOTOROLA
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Block Diagram

8.3 Block Diagra=D BY FREESCALE SEMICONDUCTOR, INC. 2005

Figure 8-1 is a block diagram of the DRAM controller.
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DRAM Controller (DRAMC)

Address
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Figure 8-1.

8.4 External Interface

SDCS0
SDCSH
SDRAS

SDCAS SDCSO/RASO |
SDWE SDCS1/RAST
SDcLkEo | SDRAS/CASO |
SDCLKET _ | SDCAS/CAST
SDCLK £ SDWEDWE
RP = SDCLKEO/DOE _ |
RASO SDCLKET ;
AT SDCLK g
CASO
CAS1
DWE
DOE

WR_DATA

RD_DATA

DRAM Controller Block Diagram

Most SDRAM control signals are multiplexed with the EDO controller. After power up, the initialization
process defines the multiplexer setting and chooses signals between the SDRAM and EDO controllers.
Some address lines from the DRAM controller are further multiplexed dynamically with addresses from
the chip-select module. Depending on the source of the current access, the output pin will be a DRAM
address if the current access is on DRAM space, or the output pin will be a linear address if the current
access is on SRAM access space. The output pin will be a linear address if the current access is on SRAM,

flash, or ROM space.

MOTOROLA
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8.5 Address MaGHipIeXingEESCALE SEMICONDUCTOR, INC. 2005

The DRAM controller multiplexed address bus aligns to the column addresses so that address line AO
always appears on pin MAQ. With this alignment, the “folding point” in the multiplexor drives solely by
the number of column address bits, although interleave mode causes a two bit shift to account for the bank
addresses. Non-interleave mode supports column bus widths of 8 to 11 bits, although interleave mode only
allows 8 and 9 bit widths. Table 8-1. and Table 8-2. summarize the multiplex options supported by the
controller. Column addresses through A10 are driven regardless of the multiplexor configuration, although
some of the lines are unused for smaller page sizes.

Table 8-1. SDRAM Address Multiplexing by Column Width

Column Bits SDRAM Controller Pin
Memory

IAM IAM Width MA MA MA MA MA MA MA MA MA MA MA | MA

=0 =1 11 10 9 8 7 6 5 4 3 2 1 0

ROW

8 - 16 A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10 | A9 A8
9 - 16 A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10 | A9
8 16 A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10
- 9 16 A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | Al

COLUMN
ALL 16 AP AP A9 A8 A7 A6 A5 A4 A3 A2 Al A0

[ ] Indicates address lines are not required for this memory width.

Table 8-2. EDO Address Multiplexing by Column Width

Column Bits EDO Controller Pin
Memory
IAM= Width MA | MA MA | MA MA | MA MA | MA MA | MA MA | MA
0 - 11 10 9 8 7 6 5 4 3 2 1 0
ROW
8 - 16 A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10 | A9 A8
9 - 16 A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10 | A9
10 - 16 A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10
11 - 16 A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | All
COLUMN
ALL 16 A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0

[ ] Indicates address lines are not required for this memory width.
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8.6 Programniifig'NfodlelREESCALE SEMICONDUCTOR, INC. 2005

The programming model consists of sets of registers for SDRAM and EDO as well as a common register.
There are two independent registers for two chip-selects in each type of DRAM. However, the two types of
DRAM cannot co-exist in the system. If the SDRAM controller is enabled in chip-select space E, the EDO
controller should not be enabled in chip-select space F. Otherwise, there could be unexpected results.
Table 8-3 provides an address map of the registers.

Table 8-3. DRAM Controller Register Set

Address Name Width Description Reset Value

OxFFFFFCO0 SDCTLe_H 16 SDRAM control register (high word) 0x0100
for chip-select E

OxFFFFFC02 SDCTLe_L 16 SDRAM control register (low word) 0x0300
for chip-select E

OxFFFFFCO04 SDCTLf_H 16 SDRAM control register (high word) 0x0100
for chip-select F

OxFFFFFCO06 SDCTLf_L 16 SDRAM control register (low word) 0x0300
for chip-select F

OxFFFFFCO08 EDOCTLe_H 16 EDO control register (high word) for 0x0000
chip-select E

OxFFFFFCOA EDOCTLe_L 16 EDO control register (low word) for 0x0000
chip-select E

OxFFFFFCOC EDOCTLf_H 16 EDO control register (high word) for 0x0000
chip-select F

OxFFFFFCOE EDOCTLf_L 16 EDO control register (low word) for 0x0000
chip-select F

OxFFFFFC10 SECTL 16 Secondary control register 0x0000

MOTOROLA DRAM Controller 8-5
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8.6.1 Secondaﬁ?@tﬁ{ﬁ?(ﬂ\ﬂ'é@_sﬁéﬁLE SEMICONDUCTOR, INC. 2005

The secondary control register provides controls for refresh clock source, external refresh counter clock
prescaler, self-refresh mode, and software reset for SDRAM or EDO DRAM. The register settings are
described in detail in Table 8-4.

SECTL Secondary Control Register Ox(FF)FFFC10
BIT BIT
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
‘ REFCLK ‘ ‘ REFPS ‘ RM ‘ ‘ RSTH ‘ RSTO ‘
TYPE rw rw rw rw w w rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
RESET
0x0023
Table 8-4. Secondary Control Register Settings
Name Description Setting
REFCLK Refresh Clock Source—This bit selects the refresh counter 0 = 32.768 kHz clock.
Bit 15 clock source. This is either the 32.768 kHz clock or the system 1 = System clock from clock
clock from the clock generator. generator.
Reserved Reserved These bits are reserved and
Bits 14—-13 should be set to 0.
REFPS External Refresh Counter Clock Prescaler—These bits define | Divider value is 16 x (REFPS +
Bits 12—8 the divider value for the refresh counter clock. Using this on the | 1) if REFCLK = 1.
32 kHz clock source can generate refresh intervals of greater Divider value is (REFPS + 1) if
than 15 us, which is common for low-power DRAM. REFCLK = 0.
RM Self-Refresh Mode—Setting this bit initiates self-refresh mode. | 0 = Normal mode.
Bit 7 The controller is able to exit self-refresh mode automatically 1 = Self-refresh mode.
when there is access to the DRAM. When there is no access for
a fixed period, self-refresh mode is entered automatically.
Setting this bit will, in effect, extend the latency of
CPU/DMAC/LCD access because extra time is needed to wake
up the DRAM. Therefore, it is best to clear this bit when the
DRAM will be used for an extended period of time. The RM bit
applies to both EDO DRAM and SDRAM.
Reserved Reserved These bits are reserved and
Bit 6 should be set to 0.
Reserved Reserved These bits are reserved and
Bit 5 should be set to 1.
Reserved Reserved These bits are reserved and
Bits 42 should be set to 0.
RST1, RSTO | Software Initiated Local Module Reset—These bits are See description.
Bits 1-0 responsible for generating a local module reset to DRAM
controller. Writing 1 to RSTO one and 0 to RST1 will result in a
1-cycle reset pulse to the controller, while writing 1 to both RSTO
and RST1 will result in a 2-cycle reset pulse to the controller.
Note: The RST1, RSTO bits always read 1.
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8.6.2 SDRAM eaﬁltlﬂﬁmgfg{@f@CALE SEMICONDUCTOR, INC. 2005

SDCTLe_H and SDCTLf_H are SDRAM control registers (high word) for chip-selects E and F,

Programming Model

respectively. SDCTLe_L and SDCTLf_L are SDRAM control registers (low word) for chip-selects E and

F, respectively. Chip-selects E and F have the same register bit definitions. Table 8-5 and Table 8-6
provide descriptions and settings of each bit field in the registers. Table 8-7 lists the SREFR bit-field
encoding values.

SDCTLe_H CSE SDRAM Control Register (High Word) Ox(FF)FFFC00
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| SDE | SMODE | srow | | scoL | iam |
TYPE rw rw rw rw w rw rw rw rw
* 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RESET
0x0100
SDCTLf_H CSF SDRAM Control Register (High Word) Ox(FF)FFFC04
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| SDE | SMODE | srow | | scoL | iam |
TYPE w rw rw rw w rw w rw rw
* 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
RESET
0x0100
Note: An asterisk (*) indicates that the reset state is affected by bootmd[1:0] (SDCTLx_H only).

Table 8-5. CSE/CSF SDRAM Control Register (High Word) Settings

Name Description Setting
SDE SDRAM Controller Enable—This bit enables the SDRAM | 0 = Disable the SDRAM controller.
Bit 15 controller. The module is disabled out of a power-up reset. | 1 = Enable the SDRAM controller.
SMODE SDRAM Controller Operating Mode—These bits See Table 8-8.
Bits 14—-12 determine the operating mode of the SDRAM controller. In
addition to normal operating mode, the controller is
capable of operating in alternate modes that are listed in
Table 8-8 on page 8-10.
Reserved Reserved These bits are reserved and should
Bits 11-10 be set to 0.
SROW SDRAM Row Address Width—This control field specifies | 00 = 11 row addresses.
Bits 9-8 the number of row addresses used by the memory array. 01 = 12 row addresses.
This number does not include the bank, column, or data 10 = 13 row addresses.
qualifier addresses. Parameters affected by the 11 = Reserved.
programming of this field include the page-hit address
comparators and the bank address bit locations
(non-interleaved mode only). A hardware reset sets this
field to 01, resulting in a 12-bit row address.
MOTOROLA DRAM Controller 8-7

For More Information On This Product,

Go to: www.freescale.com



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

JRAM Controller

Freescale Semiconductor, Inc.

Table 8-5. CSEICSFISDRAM-Coritfol Redistér (High Word) Seftings(Continued)

Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 7-6 be set to 0.
SCOL SDRAM Column Address Width—The SCOL control 00 = 8 column addresses.
Bits 54 field is used to specify the number of column addresses in | 01 =9 column addresses.
the memory array and will determine the break pointinthe | 10 = 10 column addresses.
address multiplexer. The column width is the number of 11 = Reserved.
multiplexed column addresses and does not include bank
and row addresses or addresses used to generate the
DQM signals. The column address width is initialized to 8
by hardware reset.
1AM SDRAM Interleaved Address Mode—Bank address 0 = Interleaved address disabled.
Bit 3 alignment is controlled by the IAM control bit. The DRAM 1 = Interleaved address enabled.
controller supports two bank address alignments that will
satisfy most system requirements. When |IAM is disabled, See Section 8.6.2.2 for details
bank addresses are more significant than row and column
addresses, resulting in a linear addressing of the banks
through the memory map.
When IAM is enabled, bank addresses fall between the
row and column addresses, resulting in an interleaved
memory map with the banks alternately striped through the
memory region.
Bank address bit placement significantly affects how well
the SDRAM page buffers are utilized, with a corresponding
impact on system performance.
Reserved Reserved These bits are reserved and should
Bits 2-0 be set to 0.
SDCTLe_L CSE SDRAM Control Register (Low Word) Ox(FF)FFFC02
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| smerR | ciksT | | sc | | srp | smop | | SRC
TYPE rw rw rw rw rw rw rw rw rw rw rw rw
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
RESET
0x0300
SDCTLf_L CSF SDRAM Control Register (Low Word) Ox(FF)FFFC06
BIT BIT
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| srerR | ociksT | | st | | srp | srcp | | SRC
TYPE rw rw rw rw w rw rw rw rw rw rw rw
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
RESET
0x0300
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Table'8%6 "CSEICSF SDRAW ControlRegister (Eow Wdrd) 'Séttings

Name Description Setting
SREFR SDRAM Refresh Rate—This control bit field 00 = Refresh disabled.
Bits 15-14 enables/disables SDRAM refresh cycles. It also controls 01 =1 row per REFCLK.
the bulk refresh size and, hence, the refresh rate. Refresh | 10 = 2 rows per REFCLK.
cycles are referenced to a 32 kHz clock or system clock 11 = 4 rows per REFCLK.
depending on the refresh clock selection bit, REFCLK. The
refresh rate is also based on the prescaler value, REFPS. | See Table 8-7 on page 8-10 for
At each rising edge, 1, 2, or 4 rows are refreshed as details.
determined by this bit field. Multiple refresh cycles will be
separated by the row cycle delay specified in the SRC
control field. Refresh is disabled during hardware reset.
CLKST SDRAM Clock Suspend Timeout—This field determines | 00 = Timeout disabled.
Bits 13—-12 whether the SDRAM will be placed in a clock suspend 01 = Timeout occurs when no
condition after a selectable delay from the last access. The banks are active.
suspend timeout can be triggered on either the absence of | 10 = Timeout occurs 64 clocks after
an active bank (CLKST = 01) or a clock count from the last completion of last access.
access (CLKST = 10 or 11). Count-based timeouts do not | 11 = Timeout occurs 128 clocks
force the SDRAM into an idle condition (any active banks after completion of last
remain open). The clock suspend feature is disabled by access.
hardware reset. Section 5.3.3, “CPU Clock Control,” on
page 5-8 provides additional information about this
operating mode.
Reserved Reserved These bits are reserved and should
Bits 11-10 be set to 0.
SCL SDRAM CAS Latency—This field determines the latency | 00 = Reserved.
Bits 9-8 between a read command and the availability of data on 01 =1 clock.
the bus. This field does not affect the second and 10 = 2 clocks.
subsequent data words in a burst. This control field hasno | 11 = 3 clocks.
effect on write cycles. CAS latency is initialized to 3 clocks
following a hardware reset. See Figure 8-3 on page 8-15 for
details.
Reserved Reserved These bits are reserved and should
Bit 7 be set to 0.
SRP SDRAM Row Precharge Delay—This control bit 0 = 3 clocks will be inserted
Bit 6 determines the number of idle clocks inserted between a between a precharge and the
precharge command and the next row activate command next row activate command.
to the same bank. A hardware reset initializes the 1 = 2 clocks will be inserted
controller to insert 2 clocks. between a precharge and the
next row activate command.
See Figure 8-4 on page 8-15 for
details.
SRCD SDRAM Row to Column Delay—This field determines 00 = 4 clocks.
Bits 54 the number of clocks inserted between a row activate 01 =1 clock.
command and a subsequent read or write command to the | 10 = 2 clocks.
same bank. Hardware reset initializes the delay to 11 = 3 clocks.
4 clocks.
Reserved Reserved This bit is reserved and should be
Bit 3 set to 0.
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Table 8-6. CSE/CSFSDRAM Contrdl Registér'(Low Wokd)y Settings({Céhtihued)

Name Description Setting
SRC SDRAM Row Cycle Delay—This control field determines | 000 = 8 clocks.
Bits 2-0 the minimum delay between a refresh and any subsequent | 001 = 1 clock.
refresh or read/write access. This delay corresponds to the | 010 = 2 clocks.
minimum row cycle time captured in the tgc/trrc memory | 011 = 3 clocks.
timing spec. The value programmed in SRC is the number | 100 = 4 clocks.
of clocks inserted between the refresh and the subsequent | 101 =5 clocks.
refresh/activate command. An example timing diagram for | 110 = 6 clocks.
SRC = 3 appears in Figure 8-6. 111 =7 clocks.
Note: The SRC control field is not used to enforce tge ) .
timing for row activate to row activate within the same bank See Figure 8-6 for details.
because this is implicitly guaranteed by the sum of tgcp +
toL + trp-
Table 8-7. SREFR Bit Field Encoding
SREFR[1:0] Rows Per Rows / 64 mS Row Rate Row Rate @ 16 kHz
) Refresh Clock @ 32 kHz* @ 32 kHz (REFPS = 1)

00 Refresh disabled

01 1 2048 31.25 us 62.5 us

10 2 4096 15.62 pus 31.25us

11 4 8192 7.81 us 15.62 us

*This column shows the approximate number of rows refreshed in 64 mS
8.6.2.1 SDRAM Controller Operating Mode

The modes listed in Table 8-8 are primarily used for SDRAM initialization. Any access to the SDRAM
memory space during operation in one of the alternate modes results in corresponding special cycles being
run. Moving from normal mode to any other mode does not close (precharge) any banks that may be open
(activated). Under most circumstances, software should run a precharge-all cycle when making a transition
out of normal read/write mode. Operating mode details are provided in Section 26.4.3, “SDRAM
Operation,” on page 26-10. Reset initializes the operating mode to normal read/write.

Table 8-8. SMODE Bit-Field Encoding

SMODE[2:0] Operating Mode
000 Normal read/write
001 Precharge command
010 Auto-refresh command
011 Load mode register command
100 Reserved
101 Reserved
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ARTable' 848. BESMODE:Bit-Field Encading!(Continuied)NC. 2005

SMODE[2:0] Operating Mode
110 Reserved
111 Reserved

8.6.2.2 SDRAM Interleaved Address Mode

For IAM = 0, the address bus is allocated (from least to most significant) to column addresses, then to row
addresses, and finally to the bank addresses. This configuration results in a linear address map that flows
through each page in the first bank, into the second bank, and so on. Linear bank addressing is illustrated in
the left half of Figure 8-2 and is best suited to applications with large continuous blocks of linear-accessed
data such as an LCD display buffer. IAM is forced to O at reset.

The second configuration, for IAM = 1, is better suited to CPU code space. In this mode, the addresses are
allocated to column addresses, then to the bank addresses, and finally to the row addresses. This results in
an interleaved memory map (illustrated by the right half of Figure 8-2) where the banks alternate at each
SDRAM page boundary. The interleaving of the banks eliminates the need to continually open and close
pages when loops and LRW constants cross page boundaries, resulting in higher system throughput.

IAM =0 IAM =1
Page n
Page n
Page n
agen || e [CEaks ]
LN ] Q LN ]
?
Page 1 o cee | Bank 2 |
°
Page 0 2
Page n 2 | Bank 1 |
(%]
XX 8 Page 1
Page 1 5 Page 1 |  Bank0o |
Page 0 -
Page n
LX) Page 0
Page 1 Page 0
Page 0 Page 0

Figure 8-2. Memory Bank Interleaving Options
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8.6.3 EDO Coritr6HRegisterscESCALE SEMICONDUCTOR, INC. 2005

The EDO control registers for the two chip-select functions have identical structures with different
addresses. Table 8-9 and Table 8-10 provide descriptions and settings of each bit field in the registers.
Table 8-11 lists the EREFR bit-field encoding values.

EDOCTLe_H CSE EDO Control Register (High Word) Ox(FF)FFFCO08
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EDE ‘ ‘ EREFR ‘ | EROW | | ECOL |
TYPE w w rw w w rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
EDOCTLf_H CSF EDO Control Register (High Word) 0x(FF)FFFCOC
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EDE ‘ ‘ EREFR ‘ ‘ EROW ‘ ‘ ECOL |
TYPE w rw w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 8-9. CSE/CSF EDO Control Register (High Word) Settings
Name Description Setting
EDE EDO Controller Enable—This bit enables or disables the | 0 = Disable.
Bit 15 EDO controller. The module is disabled after power-up 1 = Enable.
reset.
Reserved Reserved This bit is reserved and should be
Bit 14 set to 0.
EREFR EDO Refresh Rate—These bits determine the bulk 00 = Refresh disabled.
Bits 13—-12 refresh size in every refresh request kick. Normally there is | 01 = 1 row per REFCLK.
a refresh request in every positive edge of the 32 kHz 10 = 2 rows per REFCLK.
clock. Hence, these bits determine the average refresh 11 = 4 rows per REFCLK.
rate.
See Table 8-11 for details.
Reserved Reserved These bits are reserved and should
Bits 11-10 be set to 0.
EROW EDO Row Address Width—These bits define the row 00 = 11 row addresses.
Bits 9-8 address width of the EDO DRAM used. These bits also 01 = 12 row addresses.
affect the page address comparators. 10 = 13 row addresses.
11 =10 row addresses.
Reserved Reserved These bits are reserved and should
Bits 7-6 be set to 0.
8-12 MC68SZ328 Reference Manual MOTOROLA
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Table 8-9. ACSE/CSFIEDQ Cotitrol Régister (High(Waord) Settings\(Contiftied)

Name Description Setting
ECOL EDO Column Address Width—These bits control the 00 = 8 column addresses.
Bits 5—4 column width of the EDO DRAM and, hence, define the 01 = 9 column addresses.
break point of the row/column address multiplexer. 10 = 10 column addresses.
11 =11 column addresses.
Reserved Reserved These bits are reserved and should
Bits 3-0 be set to 0.
EDOCTLe_L CSE EDO Control Register (Low Word) Ox(FF)FFFCOA
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ETRAS ‘ ETC | ‘ ETPR ‘ ‘ ETRC ‘ ‘ RSTBR ‘
TYPE rw rw rw w w rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
EDOCTLf_L CSF EDO Control Register (Low Word) Ox(FF)FFFCOE
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ETRAS ‘ ETC | ‘ ETPR ‘ ‘ ETRC ‘ ‘ RSTBR ‘
TYPE rw rw rw w w rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 8-10. EDO Control Register (Low Word) Settings
Name Description Setting
ETRAS EDO CAS-Before-RAS RAS Pulse Width—These bits 00 = 8 clocks.
Bits 15—-14 control the RAS pulse width in the CAS-before-RAS 01 = 6 clocks.
refresh cycle. A hardware reset sets the width to 8 clocks. | 10 =4 clocks.
11 = 3 clocks.
ETC EDO CAS Pulse Width—These bits control the CAS 00 = 4 clocks.
Bits 13—-12 active pulse width for adapting different memory speed 01 =1 clock.
grades and various system operating frequencies. A 10 = 2 clocks.
hardware reset sets the width to 4 clocks. 11 = 3 clocks.
See Figure 8-7 for details.
Reserved Reserved These bits are reserved and should
Bits 11-10 be set to 0.
ETPR EDO RAS Precharge Width—These bits control the RAS | 00 = 6 clocks.
Bits 9-8 precharge width for adapting different memory speed 01 =2 clocks.
grades and various system operating frequencies. A 10 = 3 clocks.
hardware reset sets the width to 6 clocks. 11 = 4 clocks.
See Figure 8-8 for details.
MOTOROLA DRAM Controller 8-13
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Table/8:10H [EDO ControlRegister (Low Werd)\Settings (Cohtinugd) 5

Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 7-6 be set to 0.
ETRC EDO RAS-to-CAS Delay—These bits determine the RAS | 00 = 4 clocks.
Bits 54 to CAS delay and also the row to column address 01 =1 clock.
transition time. A hardware reset sets the delay to 4 clocks. | 10 = 2 clocks.
11 = 3 clocks.
See Figure 8-9 for details.
Reserved Reserved These bits are reserved and should
Bits 3-2 be set to 0.
RSTBR EDO Reset Burst Reset—This bit controls the refresh 0 = Normal distributed CBR refresh.
Bit 1 type during manual reset assertion. 1 = Continuous burst refresh.
Reserved Reserved This bit is reserved and should be
Bit 0 set to 0.
Table 8-11. EREFR Bit Field Encoding
EREFR[1:0] Rows Per Rows / 64 mS Row Rate Row Rate @ 16 kHz
) Refresh Clock @ 32 kHz* @ 32 kHz (REFPS = 1)
00 Refresh disabled
01 1 2048 31.25 us 62.5 us
10 2 4096 15.62 us 31.25 us
11 4 8192 7.81 us 15.62 us
*This column shows the approximate number of rows refreshed in 64 mS
8-14 MC68SZ328 Reference Manual MOTOROLA
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8.6.4 Timing Diagrarms BY FREESCALE SEMICONDUCTOR, INC. 2005

Figure 8-3 through Figure 8-9 on page 8-18 illustrate SDRAM controller and EDO controller timing.
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Tz .
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Figure 8-3. SDRAM CAS Latency Timing
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Figure 8-4. SDRAM Precharge Delay Timing
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Figure 8-5. SDRAM Row to Column Delay Timing
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Figure 8-9. EDO RAS-to-CAS Delay and Row to Column Address Timing

8.7 Application Examples

This section describes and gives examples for memory configurations at the application level. Board level
connection code examples are given for EDO DRAM and SDRAM.

EDO DRAM and SDRAM offer complex combinations of various device parameters like bus width, row
address width, and column address width. Register settings, code examples, and initialization sequences
are also provided in this section. Refer to Table 8-12 through Table 8-18 and Figure 8-10 through

Figure 8-16, and Code Example 8-1 through Code Example 8-6.
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8.7.1 Single 64 MbitV'SDRAM{FANM=0, €CSE)ONDUCTOR, INC. 2005

Table 8-12 and Figure 8-10 show the SDRAM Control Register values and connection diagram using a
single 64 Mbit SDRAM for IAM=0 case on CSE. Example initialization sequence follows in
Code Example 8-1 on page 8-20.

Table 8-12. Single 4M x 16 SDRAM (IAM=0, CSE) Control Register Values

Control Field Value
Density 8 Mbyte
Page size 512 bytes
ROW 12
COL 8
DSIzZ 16 (D[15:0])
IAM Non-interleaved
A22 BA1
A21 BAO
A20 A11
MA11 A10
MA10 A9
MA9 A8
MAS8 A7
MA7 A6
MA6 A5
MAS Ad
MA4 A3
MA3 A2
MA2 A1
MA1 A0
MAO—— N.C.
SDRAS/CASO RAS
SDCAS/CAS1 CAS
SDCSO0/RASO CS
SDWE WE
DQMO DQMH
DQM1 DQML
D[15:0] DQ[15:0]
SDCLK CLK
SDCLKEO CLKE
4M x 16
MC68S7328 SDRAM

Figure 8-10. Single 64 Mbit SDRAM Connection Diagram (IAM = 0, CSE)
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Code Example 8-1. Single 64 Mbit SDRAM (IAM = 0, CSE)

Freescale Semiconductor, Inc.

#
#
#
#
#
#
#
#
#
#

Init SDRAM
4Mx16x1
IAM=0

Cas Latency=2
Chip Select CSE

select dedicated I/O ports
Port C

write -b Oxfffff412 =0x00
write -b Oxfffff413 =0x00

# Port D

write -b Oxfffff41B =0xFO0
write -b Oxfffff41A =0xFO0

#Enable CLKO, A23, A22, A21, A20, A24 (PF)
write -b OxFFFFF42B=0x00
write -b OxXFFFFF423=0x0B

#Enable SDCSO0, SDCS1

(PG)

write -b OxXFFFFF433=0x2D
write -b OXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OXFFFFF443=0x00
write -b OxFFFFF440=0x0E

#Enable SDRAM signals (PM)
write -b OxFFFFF44B=0x00
write -b OxFFFFF448=0xFF

# Port P

write -b Oxfffff45a =0x00
write -b Oxfffff45b =0x00

# Set the Group E Base Address
write -w OXFFFFF180=0x1000

# Set the Chip Select Register E
write -w OxXFFFFF190=0x029B

# Set Secondary Control Register
write -w OxFFFFFC10=0x0000

# set precharge mode
write -w OxXFFFFFC00=0x9100
write -w OXFFFFFC02=0x4200

read -1 0x10080000

# set auto refresh

# Base Address +
# issue precharge all and assert Al0

write -w OXFFFFFC00=0xA100
write -w OXFFFFFC02=0x4200

read
read
read
read
read
read
read
read

# set mode register

-1
-1
-1
-1
-1
-1
-1
-1

0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000

# issue refresh

write -w OXFFFFFC00=0xB100
write -w OXFFFFFC02=0x4200
read -1 0x10044400

# return to normal mode
write -w OXFFFFFC00=0x8100
write -w OXFFFFFC02=0x4200

8-20
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8.7.2 Single 64 Mbit'SDRAM{FAM=T, CSF)ONDUCTOR, INC. 2005

Table 8-13 and Figure 8-11 show the SDRAM Control Register values and connection diagram using a
single 64 Mbit SDRAM for IAM=1 case on CSF. Example initialization sequence follows in
Code Example 8-2 on page 8-22.

Table 8-13. Single 4M x 16 SDRAM (IAM=1, CSF) Control Register Values

Control Field Value
Density 8 Mbyte
Page size 512 bytes
ROW 12
CcoL 8
DSIz 16 (D[15:0])
IAM Interleaved
A10 BA1
SDBIA9/A16 BAO
A22 A11
MA11 A10
MA10 A9
MA9 A8
MAS8 A7
MA7 A6
MAG A5
MAS5 A4
MA4 A3
MA3 A2
MA2 A1
MA1 A0
MAO—— N.C.
SDRAS/CASO RAS
SDCAS/CAS1 CAS
SDCS1/RAS1 CS
SDWE WE
DQMO DQMH
DQM1 DQML
D[15:0] DQ[15:0]
SDCLK CLK
SDCLKE1 CLKE
AM x 16
MC68S2328 SDRAM

Figure 8-11. Single 64 Mbit SDRAM Connection Diagram (IAM = 1, CSF)
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Cdde Example 8-2.R Single/64Mbit SDRAM{IAMI=1 CSF). 2005

Freescale Semiconductor, Inc.

COL:

# Port D
write -b
write -b

select
Port C
-b
write -b

Init SDRAM
4Mx16x1
IAM=1
ROW=12
=8
Cas Latency=2
Chip Select CSE

dedicated I/0 ports

oxfffff412 =0x00
oxfffff413 =0x00

Oxfffff41B =0xFO0
Oxfffff41A =0xFO0

#Enable CLKO, A23, A22, A21, A20, A24 (PF)
write -b OxXFFFFF42B=0x00
write -b OxXFFFFF423=0x0B

#Enable SDCSO0, SDCS1

(PG)

write -b OxXFFFFF433=0x2D
write -b OXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OxFFFFF443=0x00
write -b OxFFFFF440=0x0E

#Enable SDRAM signals (PM)
write -b OxFFFFF44B=0x00
write -b OxXFFFFF448=0xFF

# Port P

write -b O0xfffff45a =0x00
write -b Oxfffff45b =0x00

# Set the Group E Base Address
write -w OxXFFFFF180=0x1000

# Set the Chip Select Register E
write -w OxXFFFFF190=0x029B

# Set Secondary Control Register
write -w OxXFFFFFC10=0x0000

# set precharge mode
write -w OxXFFFFFC00=0x9100
write -w OxFFFFFC02=0x4200

read -1 0x10200000

# set auto refresh

# Base Address +
# issue precharge all and assert AlQ

write -w OXFFFFFC00=0xA100
write -w OxXFFFFFC02=0x4200

read
read
read
read
read
read
read
read

# set mode register

-1
-1
-1
-1
-1
-1
-1
-1

0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000

# issue refresh

write -w OxXFFFFFC00=0xB100
write -w OXFFFFFC02=0x4200
read -1 0x10111000

# return to normal mode
write -w OXFFFFFC00=0x8100
write -w OXFFFFFC02=0x4200
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8.7.3 Single 128:MbitSDRAM{FAM=135/CSF)NDUCTOR, INC. 2005

Table 8-14 and Figure 8-12 show the SDRAM Control Register values and connection diagram using a
single 128 Mbit SDRAM for IAM=1 case on CSF. Example initialization sequence follows in
Code Example 8-3 on page 8-24.

Table 8-14. Single 8M x 16 SDRAM (IAM=1, CSF) Control Register Values

Control Field Value
Density 16 Mbyte
Page Size 1024 byte
ROW 12
COoL 9
DSIZ 16 (D[15:0])
IAM Interleaved
ali BA1
alo BAO
a23 A11
maii A10
mail0 A9
ma9 A8
ma8 A7
ma7 A6
ma6é A5
mab Ad
ma4 A3
ma3 A2
ma2 Al
ma AO
ma0 N.C.
sdras_cas0 RAS
sdcas_cas1 CAS
sdcs0_ras0 CS
sdwe WE
dgmo DQMH
dgm1 DQML
d[15:0] DQ[15:0]
sdclk CLK
sdcke0 CKE
8M x 16
MC68SZ2328 SDRAM

Figure 8-12. Single 128 Mbit SDRAM Connection Diagram (IAM = 1, CSF)
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Codé Exarmple=8:3- RSihgle A28-Mbit\ SDRAM(IAM € R, CSE) 2005

Freescale Semiconductor, Inc.

Init SDRAM
8Mx16x1
IAM=1

CSF

ROW=12
=9

Cas Latency=2
Chip Select CSF

select dedicated I/O ports

#
#
#
#
#
# COL
#
#
#
#
#

Port C

write -b Oxfffff412 =0x00
write -b Oxfffff413 =0x00

# Port D

write -b Oxfffff41B =0xF0
write -b Oxfffff41A =0xFO0

#Enable CLKO, A23, A22, A21, A20, A24 (PF)
write -b OxXFFFFF42B=0x00
write -b OxXFFFFF423=0x0B

#Enable SDCSO0,SDCS1

(PG)

write -b OxXFFFFF433=0x2D
write -b OxXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OXFFFFF443=0x00
write -b OXFFFFF440=0x0E

#Enable SDRAM signals (PM)
write -b OxFFFFF44B=0x00
write -b OxXFFFFF448=0xFF

# Port P

write -b O0xfffff45a =0x00
write -b Oxfffff45b =0x00

# Set the Group E Base Address
write -w OxXFFFFF182=0x1000

# Set the Chip Select Register E
write -w OxFFFFF192=0x029D

# Set Secondary Control Register
write -w OxFFFFFC10=0x0000

# set precharge mode
write -w OXFFFFFC04=0x9118
write -w OXFFFFFC06=0x4262

read -1 0x10400000

# set auto refresh

# Base Address +
# issue precharge all and assert Al0

write -w OXFFFFFC04=0xA118
write -w OXFFFFFC06=0x4262

read
read
read
read
read
read
read
read

# set mode register

-1
-1
-1
-1
-1
-1
-1
-1

0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000

# issue refresh

write -w OXFFFFFC04=0xB118
write -w OXFFFFFC06=0x4262
read -1 0x10222000

# return to normal mode
write -w OxXFFFFFC04=0x8118
write -w OXFFFFFC06=0x4262
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8.7.4 Single 128:MbitSDRAM{FAM=0;'CSE)NDUCTOR, INC. 2005

Table 8-15 and Figure 8-13 show the SDRAM Control Register values and connection diagram using a
single 128 Mbit SDRAM for IAM=0 case on CSE. Example initialization sequence follows in
Code Example 8-4 on page 8-26.

Table 8-15. Single 8M x 16 SDRAM (IAM=0, CSE) Control Register Values

Control Field Value
Density 16 Mbyte
Page Size 1024 byte
ROW 12
COoL 9
DSIZ 16 (D[15:0])
IAM Non-interleaved
az23 BA1
az22 BAO
a21 A1
maii A10
mai0 A9
ma9 A8
ma8 A7
ma7 A6
ma6 A5
mab Ad
ma4 A3
ma3 A2
ma2 A1
mai A0
ma0 N.C.
sdras_cas0 RAS
sdcas_cas1 CAS
sdcs0_rasO CS
sdwe_dwe WE
dgmo DQMH
dgm1 DQML
d[15:0] DQ[15:0]
sdclk CLK
sdcke0_doe CKE
8M x 16
MC68S2328 SDRAM

Figure 8-13. Single 128 Mbit SDRAM Connection Diagram (IAM = 0, CSE)

DRAM Controller 8-25
For More Information On This Product,
Go to: www.freescale.com

MOTOROLA



g |

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

JRAM Controller Freescale Semiconductor, Inc.

Code Exammple=84t RSihgle A28-Mbit' SDRAMD(IAM €8, CSE) 2005

# Init SDRAM

# 8Mx16x1

# IAM=0

# CSE

# ROW=12

# COL=9

# IAM = 0

# Cas Latency=2
# Chip Select CSE
#
#
#

select dedicated I/O ports
Port C
write -b Oxfffff412 =0x00
write -b O0xfffff413 =0x00

# Port D
write -b Oxfffff41B =0xFO0
write -b Oxfffff4l1A =0xFO0

#Enable CLKO, A23, A22, A21, A20, A24 (PF)
write -b OxFFFFF42B=0x00
write -b OxFFFFF423=0x0B

#Enable SDCS0,SDCS1 (PG)
write -b OXFFFFF433=0x2D
write -b OXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OxFFFFF443=0x00
write -b OxXFFFFF440=0x0E

#Enable SDRAM signals (PM)
write -b OxFFFFF44B=0x00
write -b OxFFFFF448=0xFF

# Port P
write -b Oxfffff45a =0x00
write -b O0xfffff45b =0x00

# Set the Group E Base Address
write -w OxXFFFFF180=0x1000

# Set the Chip Select Register E
write -w OxXFFFFF190=0x029D

# Set Secondary Control Register
write -w OxXFFFFFC10=0x0000

# set precharge mode
write -w OxXFFFFFC00=0x9110
write -w OXFFFFFC02=0x4262
# Base Address +
read -1 0x10100000 # issue precharge all and assert Al0

# set auto refresh

write -w OXFFFFFC00=0xA110
write -w OXFFFFFC02=0x4262
read -1 0x10000000 # issue refresh
read -1 0x10000000

read -1 0x10000000

read -1 0x10000000

read -1 0x10000000

read -1 0x10000000

read -1 0x10000000

read -1 0x10000000

# set mode register

write -w OXFFFFFC00=0xB110
write -w OXFFFFFC02=0x4262
read -1 0x10088800

# return to normal mode
write -w OXFFFFFC00=0x8110
write -w OXFFFFFC02=0x4262

8-26 MC68SZ328 Reference Manual MOTOROLA
For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc. Aoolicati
pplication Examples

8.7.5 Single 256:MbitSDRAM{FAM=135/CSE)NDUCTOR, INC. 2005

Table 8-16 and Figure 8-14 show the SDRAM Control Register values and connection diagram using a
single 256 Mbit SDRAM for IAM=1 case on CSE. Example initialization sequence follows in
Code Example 8-5 on page 8-28.

Table 8-16. Single 16M x 16 SDRAM (IAM=1, CSE) Control Register Values

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Control Field Value
Density 32 Mbyte
Page size 1024 bytes
ROW 13
COoL 9
DSIZ 16 (D[15:0])
IAM Interleaved
Al BA1
A10 BAO
A24 A12
A23 A1
MA11 A10
MA10 A9
MA9 A8
MAS8 A7
MA7 A6
MAG6 A5
MA5 A4
MA4 A3
MA3 A2
MA2 A1
MA1 A0
MAO N.C.
SDRAS/CASO RAS
SDCAS/CAS1 CAS
SDCSO@ CSs
SDWE WE
DQMO DQMH
DQM1 DQML
D[15:0] DQ[15:0]
SDCLK CLK
SDCLKEO CLKE
16M x 16
MC68S52328 SDRAM

Figure 8-14. Single 256 Mbit SDRAM Connection Diagram (IAM = 1, CSE)
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Code Exarmple=8+5: RSihgle 256-Mbit' SDRAVMDIAM © R, CSE) 2005

Freescale Semiconductor, Inc.

CSF

COL:

H H HHHFEHHHHFHFH

ROW=13
=9
Cas Latency=2

Chip Select CSF

Init SDRAM
16Mx16x1
IAM=1

select dedicated I/0 ports
Port C

#write -b Oxfffff412 =0x00
#write -b Oxfffff413 =0x00

# Port D

write -b Oxfffff41B =0xF0
write -b Oxfffff41A =0xFO0

# Port E A24
#write -b OXFFFFF423 =0xFB
write -b OxFFFFF420 =0x04

#Enable CLKO, A23, A22, A21, A20(PF)
write -b OxXFFFFF42B=0x00
write -b OxFFFFF423=0x0B

#Enable SDCSO0, SDCS1

(PG)

write -b OXFFFFF433=0x2D
write -b OXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OxFFFFF443=0x00
write -b OXFFFFF440=0x0E

#Enable SDRAM signals (PM)
OxFFFFF44B=0x00
OxXFFFFF448=0xFF

write -b
write -b

# Port P
write -b
write -b

oxfffff45a =0x00
oxfffff45b =0x00

# Set the Group F Base Address
write -w OxXFFFFF182=0x1000

# Set the Chip Select Register F
write -w OXFFFFF192=0x029F

# Set Secondary Control Register
write -w OxXFFFFFC10=0x0000

# set precharge mode
write -w OxXFFFFFC04=0x9218
write -w OXFFFFFC06=0x4262

read -1 0x10400010

# set auto refresh

# Base Address +
# issue precharge all and assert Al0

write -w OXFFFFFC04=0xA218
write -w OXFFFFFC06=0x4262

read
read
read
read
read
read
read
read

# set mode register

-1
-1
-1
-1
-1
-1
-1
-1

0x10000010
0x10000010
0x10000010
0x10000010
0x10000010
0x10000010
0x10000010
0x10000010

# issue refresh

write -w OXFFFFFC04=0xB218
write -w OXFFFFFC06=0x4262
read -1 0x10222000

# return to normal mode
write -w OxXFFFFFC04=0x8218
write -w OXFFFFFC06=0x4262
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8.7.6 Single 256:MbitSDRAM{FAM=0;'CSE)NDUCTOR, INC. 2005

Table 8-17 and Figure 8-15 show the SDRAM Control Register values and connection diagram using a
single 256 Mbit SDRAM for IAM=0 case on CSE. Example initialization sequence follows in
Code Example 8-6 on page 8-30.

Table 8-17. Single 16M x 16 SDRAM (IAM=0, CSE) Control Register Values

Control Field Value
Density 32 Mbyte
Page size 1024 bytes
ROW 13
COoL 9
DSIZ 16 (D[15:0])
IAM Non-interleaved
A24 BA1
A23 BAO
A22 A12
A21 A1
MA11 A10
MA10 A9
MA9 A8
MAS8 A7
MA?7 A6
MAG A5
MAS5 A4
MA4 A3
MA3 A2
MA2 A1l
MA1 A0
MAO N.C.
SDRAS/CASO RAS
SDCAS/CASH CAS
SDCSO0/RASO CcS
SDWE/DWE WE
DQMO DQMH
DQM1 DQML
D[15:0] DQ[15:0]
SDCLK CLK
SDCLKEO/DOE CLKE
16M x 16
MC68S2328 SDRAM

Figure 8-15. Single 256 Mbit SDRAM Connection Diagram (IAM = 0, CSE)
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Code Exarmple8-6t RSihgle 256-Mbit' SDRAMD(IAM €8, CSE) 2005

Freescale Semiconductor, Inc.

Init SDRAM
16Mx16x1
IAM=0

CSE

ROW=13
=9

Cas Latency=2
Chip Select CSE

select dedicated I/O ports

#
#
#
#
#
# COL
#
#
#
#
#

Port C

write -b Oxfffff412 =0x00
write -b Oxfffff413 =0x00

# Port D

write -b Oxfffff41B =0xF0
write -b Oxfffff41A =0xFO0

#Enable CLKO, A23, A22, A21, A20, A24 (PF)
write -b OxXFFFFF42B=0x00
write -b OxXFFFFF423=0x0B

#Enable SDCSO0,SDCS1

(PG)

write -b OxXFFFFF433=0x2D
write -b OxXFFFFF430=0xC2

#Enable WEB, SDRAS, SDCAS (PK)
write -b OXFFFFF443=0x00
write -b OXFFFFF440=0x0E

#Enable SDRAM signals (PM)
write -b OxFFFFF44B=0x00
write -b OxXFFFFF448=0xFF

# Port P

write -b O0xfffff45a =0x00
write -b Oxfffff45b =0x00

# Set the Group E Base Address
write -w OxXFFFFF180=0x1000

# Set the Chip Select Register E
write -w OxFFFFF190=0x029F

# Set Secondary Control Register
write -w OxFFFFFC10=0x0000

# set precharge mode
write -w OXFFFFFC00=0x9210
write -w OXFFFFFC02=0x4262

read -1 0x10100000

# set auto refresh

# Base Address +
# issue precharge all and assert Al0

write -w OXFFFFFC00=0xA210
write -w OXFFFFFC02=0x4262

read
read
read
read
read
read
read
read

# set mode register

-1
-1
-1
-1
-1
-1
-1
-1

0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000
0x10000000

# issue refresh

write -w OXFFFFFC00=0xB210
write -w OXFFFFFC02=0x4262
read -1 0x10088800

# return to normal mode
write -w OxXFFFFFC00=0x8210
write -w OXFFFFFC02=0x4262
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8.7.7 Single 16\MB'INE@((WE§CALE SEMICONDUCTOR, INC. 2005

Table 8-14 and Figure 8-12 show the SDRAM Control Register values and connection diagram using a
single 16 Mbit EDO on CSE. Example initialization sequence follows in Code Example 8-7.

Table 8-18. Single 1M x 16 EDO (CSE) Control Register Values

Control Field Value
Density 2 Mbyte
Page size 512 bytes
ROW 12
COL 8
DSIz 16 (D[15:0])
IAM N.A.
A20 A1l
MA11 A10
MA10 A9
MA9 A8
MAS8 A7
MA7 A6
MAG A5
MA5 Ad
MA4 A3
MA3 A2
MA2 A1
MA1 AO
MAO N.C.
SDCS0/RASO RAS
SDRAS/CASO UCAS
SDCAS/CAS1 LCAS
SDWE/DWE WE
SDCLKEO/DOE OE
D[15:0] DQ[15:0]
1M x 16
MC68S2328 EDO

Figure 8-16. Single 16 Mbit EDO Connection Diagram (CSE)
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CodelExdniple '8-7 R [EDO(CSE) DRAM [nitializatior-Cade . 2005

Here
# Set
write

# Set
write

# Set
write

(EDO-DRAM: 4Mx16x1) :

the Group E Base Address
-w OxXFFFFF180=0x1000

the Chip Select Register E
-w OxXFFFFF190=0x029B

Secondary Control Register
-w OXFFFFFC10=0x0000

# Init EDO-DRAM register

write
write

-w OXFFFFFC08=0x8120
-w OXFFFFFC02=0x0200
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Chapter 9
DMA Controller

The direct memory access controller (DMAC) of the MC68SZ328 provides two memory channels and four
I/O channels to support a wide variety of DMA operations. Section 9.5, “Programming Model,” on page
9-6 includes descriptions of the DMAC registers which is divided into three parts for general, memory and
I/0 registers. Section 9.9, “DMAC Register Addresses,” on page 9-28 is a summary of the register
addresses and memory map. Section 9.10, “DMA Request Table,” on page 9-30 concludes the chapter
with a summary of the DMAC request signals and their associated peripherals.

9.1 Features
The following features are incorporated in the MC68SZ328 DMAC:

*  Provides two memory channels and four I/O channels.

* Each I/O channel is configurable to respond to any of the defined DMA request signals except the
external DMA requests which are supported by the two memory channels only.

*  Supports 8- or 16-bit FIFO port size and memory port size for data transfer.
* DMA burst length is configurable for each channel.
*  Bus utilization control is provided for memory channels.

*  Provides data transfer complete and error (burst time-out or request time-out) interrupts to interrupt
controller.

*  DMA burst time-out error generation for both memory and I/O channels to terminate DMA cycle
when the burst cannot be completed in a programmed timing period.

* DMA request time-out error generation for I/O channels to interrupt FLX68000 when a DMA
request is not received during a programmed timing period.

*  Supports repeat data transfer function.

*  Provides block transfer function for memory channel. Supports byte aligned block transfer from one
location to another.

*  Provides priority mechanism to serve the DMA requests. Channel numbers 0 and 1 are assigned to
memory channels. Channel numbers 2 through 5 are assigned to I/O channels. The channel with
larger channel number has higher service priority.

e Provides DMA_REQO and DMA_REQI, two external DMA request pins for external devices to
initiate data transfer in memory channel 0 and 1 respectively.

9.1.1 DMAC Organization in MC68SZ328

The DMAC in the DragonBall Super VZ provides full-featured DMA capabilities between both internal
and external RAM and the modules shown in Figure 9-1.
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The modules in the MC68SZ328 that support DMAC operations are shown in Table 9-1.

Freescale Semiconductor, Inc.
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FLX68000

External
Memory

Memory
Controller

MMCSD

CSPI

Enhanced
ADC

68 K LB/IP
Gasket

MSHC

UART1

UART2

Figure 9-1. DMAC Relationship to Other MC68SZ328 Modules

Table 9-1. Modules with DMA Capability

Module DMA Capability

CSPI Yes

UART 1 and 2 Yes

uUSB Yes

MMCSD Yes

ASP Yes (Enhanced ADC)
12C No

PWM 1and 2 No

Timer 1 and 2 No

RTC No

Bootstrap No

MSHC Yes
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9.2

Freescale Semiconductor, Ia\&c Operational Overview

DMAC Opérational Ovierfigw SEMICONDUCTOR, INC. 2005

The DMAC, as shown in the block diagram in Figure 9-2, contains the bus interface to the internal 68K
local bus. It also offers a 64-byte data FIFO which is used as a buffer for holding the transfer data during a
DMA burst cycle. There is also logic to generate handshaking signals with a USB device controller and
logic to generate interrupts. The general system control and status registers control the overall operation of
DMA controller. Individual channels have dedicated register sets for configuring their channel properties.

¢=m)| Bus Arbiter

System

Registers
DMA_EOBI,DMA_EOBI_CNT

Lo Channel 0 < BVA BEORA -
Prioritize l Registers Source SEL DMA_REQ[31:0]
BUS_REQ I
Y Ol ¢ Source SEL

Registers

Bus Interface
Control Signal Char)nel 2 Source SEL
g Registers -
Generation

Bus Interface DMA_EOBO & DMA_EOBO >
Address DMA_EOBO_CNT DMA_EOBO_CNT
Generation Generation

” Bus Interface DMA_ERR
Data Buffer Interrupt -
Generation DMA_INT
A >

Y

32x16 Data
FIFO

Figure 9-2. DMAC Simplified Block Diagram

9.2.1 DMAC Signal Description

The following seven signals are used to communicate between the DMAC, the other modules in the
MC68SZ328, and external peripherals:

DMA_REQ—The DMA request signal is generated by a peripheral. To initiate the DMA transfer,
one FIFO generates one DMA_REQ signal. This signal must be negated by the peripheral
automatically before data transfer is completed; otherwise, the signal will be treated as the next
DMA request.

DMA_EOBI—This signal is asserted by the USB module when the last data of the burst is read
from the FIFO.

DMA_EOBI_CNT—This signal is asserted by the USB module when the last data of the burst
being read from the FIFO is 8-bit data.

DMA_EOBO—This signal is asserted by the DMA controller when the last data of the burst being
written to the FIFO.

DMA_EOBO_CNT—This signal is asserted by the DMA controller when the last data of the burst
is being written to the FIFO is 8-bit data.

DMA_ERR—This signal is asserted by the DMA controller when any error is detected.
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*  DMA_INT—Thssignal is asserted-bythe DM A contfolley whénldata, trafisfet i bomplete—that
1s, the data count reaches the desired level.

9.3 External DMA Request Pins

The MC68SZ328 provides two external DMA request pins (DMA_REQO and DMA_REQ1) to allow
external devices to initiate data transfers using memory channel 0 and 1 respectively. The relationship of
the DMA request timing is shown in Figure 9-3. The assertion of the DMA_REQO and DMA_REQ1 signal
initiates a DMA transfer if the REN bit in memory channel control register is set. The number of data
transfers is determined by the corresponding memory channel burst length register (MBLRx). While the
negation of DMA_REQO and DMA_REQ1 does not affect the completion time of the DMA burst, the
signal must be negated before the last data transfer is completed. If the signal is not negated, it will trigger
another DMA burst.

DMA_REQx / /
DATA >—< >—< >—<

Figure 9-3. Example of External DMA Request Timing

9.3.1 DMA Request and Transfer

Figure 9-4 illustrates an example of DMA request and transfer. After receiving the DMA request from
either of the DMA_REQO or DMA_REQI signals, the DMA controller sets up the transfer order and the
appropriate I/O channel to transfer data according to the DMAC priority mechanism.

NOTE:

The maximum length for each read and write burst is 32 words.

Bus Utilization | Request Time-out

.y

Burst Time-out

l< >
< >

DMA |

l<

Order

A

LYW
11 !
ReDMA 12 | M1 Mo IH(FRC) 13 M1
quest
Order Mo 15 M1

DMA
Burst | Word
Process

ax | —(RARXRR)(RAWWIW) (R RARAR)(RAWAWLW)(RARARAR)(RAWAWLW)

32 Words
Read &
Write) Mo I5 I2
Figure 9-4. Example of DMAC Operation
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FreescaI%Iéﬁmln‘s:fg'}g%ﬁotngT!smlg}ﬁlémory Channels 0 and 1

9.4 Block Transfer-Fanctions‘Using Memory Channéls 0 and 1

The MC68SZ328 provides two memory channels that allow the transfer of blocks of data throughout
memory. Memory channels provide discrete data block transfer functions using one of three modes of
transfer:

e Discrete-to-discrete
e Discrete-to-continuous
e Continuous-to-discrete

The discrete-to-discrete mode allows the transfer of blocks of data with different separation from one space
in memory to another. The separation lengths of the source and destination blocks can be programmed
using the Source Block Separation Distance Register (page 9-17) and the Memory Channel Destination
Block Separation Distance Register (page 9-19) respectively. The discrete-to-continuous and
continuous-to-discrete modes provide transfer of blocks from discrete locations to a continuous space in
memory and vice versa. The operation can be visualized in Figure 9-5.

These transfer modes can speed up some display functions such as: image block movement in the LCD
display, window effect, retrieval of pre-store image patterns, and storage of the image block.

The block length and block-to-block separation are programmable. The block length is defined by the
block length register. The block-to-block separation in all transfer modes is determined by the block
separation distance register.

Block

Length Block Separation Distance

Discrete \
to Discrete
B
L
> Image Block Movement on LCD Screen
Continuous Discrete
to Discrete to Continuous
Y

Mapping of LCD Display Memory

Figure 9-5. Block Transfer Functions Using Memory Channels
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9.5 Programmifg'NodelREESCALE SEMICONDUCTOR, INC. 2005

The DMAC registers are divided into three groups and each group is determined by function. The first
group contains the general DMAC registers for all functional blocks and are discussed in Section 9.6,
“DMAC General Registers,” on page 9-6. The second group of registers controls the memory channels and
these are discussed in Section 9.7, “Memory Channel Registers,” on page 9-11. The third group controls
the I/O channels and are discussed in Section 9.8, “I/O Channels (Channels 2-5) Registers,” on page 9-20.

9.6 DMAC General Registers

The DMAC general registers control most of the normal DMA functions. The registers including their bit
assignments and descriptions are described in through .

9.6.1 DMA Control Register

This register controls the overall functionality of the DMAC. The bit position assignments for this register
are shown in the following register display. The settings for this register are described in Table 9-2.

DCR DMA Control Register Ox(FF)FEO0000
BIT 15 14 13 12 11 i0 9 8 7 6 5 4 3 2 1 BIT O
‘ ‘ DRST | DEN ‘
TYPE rw rw
0 0 0 0 0 0 o 0 0 0O O O o 0 0 0
RESET
0x0000

Table 9-2. DMA Control Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 152 0.
DRST DMA Reset—Writing a 1 to this bit generates a 3 | See description.
Bit 1 cycle reset pulse to reset the entire DMAC, which

brings the DMAC to the reset condition. Reading
from this bit always gives a 0.

DEN DMA Enable—This bit enables/disables the DMA | 0 = Disable DMA.
Bit 0 clock to the DMAC. 1 = Enable DMA.

9.6.2 DMA Transfer Register

This register indicates both the transfer and error status of the memory and the I/O channels. The transfer
status bits CH5—CHO will be set whenever the corresponding DMA channel has completed data transfer.
The error status bits, BTE and RTE, will be set when any bit is set in the burst time-out status register and
the request time-out status register respectively.

If any one of the bits CH5-CHO of the transfer status register is set and the corresponding bit in the
interrupt mask register is clear, then DMA_INT will be asserted to the system interrupt handler to indicate
that there is interrupt generated from the corresponding channel.
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Freescale Semiconductor, Im:mvI AC General Registers

Because the interrupt coitfoléy hds £39¢épartte-tfandtértcsmplbte thtderiupt (DMA NGnd Gt%rror interrupt
(DMA2), the interrupt service routine reads the DTSR register to verify which channel has completed the
transfer. Similarly, it can also verify the type of errors by reading the BTE and RTE bits when DMA2 is
set.

The CH5—CHO bits can be cleared by writing a 1 to them. BTE and RTE are cleared by clearing all the
status bits in burst time-out register and request time-out register respectively.

DTSR DMA Transfer Status Register 0x(FF)FE0002
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
BTE RTE CH5 CH4 CHS3 CH2 CHA1 CHO
TYPE rw rw rw rw w rw rw w
0 0 0 0 0 0 0O 0 0 O 0 0 0 0 0 0
RESET
0x0000

Table 9-3. DMA Transfer Status Register Description

Name Description Setting
BTE Burst Time-Out Error—This bit is generated by 0 = No burst time-out error.
Bit 15 logic “Or” of the status bits of the burst time-out 1 = At least one burst time-out error from the
error register. It indicates that there is a burst channels.

time-out error in the channels.

RTE Request Time-Out Error—This bit is generated 0 = No request time-out error.
Bit 14 by logic “Or” the status bits of request time-out 1 = At least one request time-out error from
error register. It indicates that there is a request the channels.

time-out error in the channels.

Reserved Reserved These bits are reserved and should be set to
Bits 13—6 0.

CH5—CHO Channel 5 to 0—These bits show of the transfer | 0 = Transfer not started or in progress.

Bits 5—0 status of memory and 1/0O DMA channels. 1 = Transfer complete.

9.6.3 DMA Interrupt Mask Register

The DMA interrupt mask register (DIMR) is used to mask both the transfer complete interrupt and error
interrupt (burst time-out or request time-out) that is generated when servicing the corresponding channel.
There is one control bit for each channel. When an interrupt is masked, the interrupt controller will not
generate an interrupt request to the interrupt handler, but its status can still be observed in the DMA
transfer status register, DMA burst time-out status register, DMA request and the time-out status register.

At reset, all the interrupts are masked and all the bits in the DMA interrupt mask register are set to 1.
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ARC Y FREESGALE SEMJCONDUCTOR, INC. 200
DIMR '—H)\f\ﬁR Fnterrupt I\c/iasE egister 8X5(FF)FE0004
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
CH5 CH4 CHS3 CH2 CHA1 CHO
TYPE rw w rw rw rw rw
0 0 0 0 0 0 0O 0 0O O 1 1 1 1 1 1
RESET
0x003F

Table 9-4. DMA Interrupt Mask Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15—6 0.
CH5-CHO Channel 5 to 0—These bits control the interrupt 0 = Enable interrupt from the channel.
Bits 5—0 function of all memory and I/O DMA channels. 1 = Disable interrupt from the channel.

Setting the bit to ‘0’ enables both transfer
complete and error (burst time-out or request
time-out) interrupts from the corresponding
channel. Setting the bit to ‘1’ masks all interrupts
from the corresponding channel.

9.6.4 DMA Burst Time-Out Status Register

This register indicates which channel, if any, is being serviced and if a burst time-out is detected. Each bit
can be cleared by writing a “1” to it. A burst time-out is set when a DMA burst cannot be completed in a
pre-assigned number of clock cycles specified in the burst time-out count register of the channel. When
any bit is set in this register and the corresponding bit in the interrupt mask register is clear, then
DMA_ERR will be asserted to the system interrupt handler.

DBTOSR DMA Burst Time-Out Status Register O0x(FF)FE0006

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

CH5 CH4 CH3 | CH2 CH1 CHO

TYPE rw w w rw w w
0 0 0 0 0 0 0O 0 0 O 0 0 0 0 0 0

RESET
0x0000

Table 9-5. DMA Burst Time-Out Status Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15—6 0.
CH5—-CHO Channel 5 to 0—These bits show the burst 0 = No burst time-out.
Bits 5-0 time-out status of memory and /O DMA 1 = burst time-out.
channels.
9-8 MC68SZ328 Reference Manual MOTOROLA

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



Freescale Semiconductor, Im:mvI AC General Registers

9.6.5 DMA Requeést Fime:-Out Status Register

This register indicates which one of the enabled channels, if any, has detected a DMA request time-out.
Each bit can be cleared by writing a “1” to it. A DMA request time-out is set when there is no DMA
request from the selected DMA_REQ source within the pre-assigned number of clock cycles specified in
the request time-out count register for the channel.

The sources for the DMA_REQ signal are memory channels that have been defined to use the external pins
DMA_REQO and DMA_REQI. Bits 0 and 1 of this register will indicate the time-out status of
DMA_REQO and DMA_REQI, if so configured, and bits 25 indicate the time-out status of the remaining
four I/0O channels.

When any bit in this register is set and the corresponding bit in the interrupt mask register is clear, then
DMA_ERR will be asserted to the system interrupt handler.

DRTOSR DMA Request Time-Out Status Register Ox(FF)FEO0008

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

CH5 CH4 CH3 | CH2 CH1 CHO

TYPE rw w w rw w w
0 0 0 0 0 0 0O 0 0 O 0 0 0 0 0 0

RESET
0x0000

Table 9-6. DMA Request Time-Out Status Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15—6 0.
CH5-CHO Channel 5 to 0—These bits show the DMA See description.
Bits 5—0 request time-out status of memory and I/O DMA
channels.

9.6.6 DMA Burst Time-Out Control Register

This register sets time-out for the DMA transfer cycle for all DMA channels, so that it can release the 68K
bus on an error condition. The count value in this register is latched into an internal counter when a DMA
cycle starts. The counter counts down until it is stopped when the DMA cycle is completed, or upon a
time-out; then, it asserts an interrupt and sets the corresponding error bit in the DMA burst time-out error
register. The DMA clock is used as an input clock to the counter.

DBTOCR DMA Burst Time-Out Status Register 0x(FF)FEOOOE
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT 0
EN CNT
TYPE rw rw w rw rw rw w rw rw rw rw rw rw rw w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
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Table 9:7!V DMA BurstTimé-0utContfér Register Deseriptior? 005

Name Description Setting
EN Enable—Burst time-out enable. 0 = Disable burst time-out.
Bit 15 1 = Enable burst time-out.
CNT Count—This field holds the burst time-out count See description.
Bits 14—0 down value. The programmed count will be a
number of DMA clock cycles.
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9.7 Memory m|mégf§f§f§£ SEMICONDUCTOR, INC. 2005

Channels 0 and 1 are the only memory channels which support memory-to-memory data transfers. A
memory-to-memory DMA transfer includes a burst read from source memory and then a burst write to the
destination memory. A 32 X 16 data buffer in the DMA data buffer and flow control block is used for
temporary data storage between burst read and burst write. Therefore, the burst length for the memory
channel is a maximum of 64 bytes or 32 words (16-bit). The memory channels have the lowest priority
among all the DMA channels. The unique set of memory channel registers including their bit assignments
and descriptions are discussed in — .

The memory channels generate a transfer complete or an error interrupt to the interrupt handler as a result
of the following conditions:

1. When data count reaches the desired value
2. When a DMA burst time-out is true during a burst cycle

3. When an external DMA request time-out is true

9.7.1 Memory Channel Source Address Register

This register contains the source memory address for the first DMA cycle. The value of this register
remains unchanged throughout the DMA process.

MSARO : 0x(FF)FE0040
Memory Channel Source Address Register
MSAR1 Y 9 0x(FF)FE0080
BIT31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT16
MSA
TYPE rw rw rw w rw rw rw rw rw w rw rw rw rw rw w
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
MSA
TYPE rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-8. Memory Channel Source Address Register Description
Name Description Setting
MSA Memory Source Address—These bits hold the See description.
Bits 31-0 system memory address from where data will be
read.
Note: MSA[O] will always read/write as 0 to
ensure the correct word-alignment of addresses.
MOTOROLA DMA Controller 9-11

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



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

JMA Controller

Freescale Semiconductor, Inc.

9.7.2 Memory Channel Destination Address/RegisterC. 2005

This register contains the destination memory address for the first DMA cycle. The value of this register
remains unchanged throughout the DMA process.

MDARO L : Ox(FF)FE0044
Memory Channel Destination Address Register
MDAR1 y 9 0x(FF)FE0084
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT 16
MDA
TYPE rw rw rw rw rw rw rw rw rw rw rw rw o rwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 BITO
MDA
TYPE rw rw rw rw w w rw w w w rw w o rwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-9. Memory Channel Destination Address Register Description
Name Description Setting
MDA Memory Destination Address—These bits hold | See description.
Bits 31-0 the system memory address to where data will be
written.
Note: MDA[O] will always read/write as 0 to
ensure the word-align address.
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9.7.3 Memory Channel CountRegistérICONDUCTOR, INC. 2005

This register contains the number of bytes of data to be transferred. There is an internal counter which will
up count for every DMA transfer—that is, number of bytes minus 2 for a word and minus 1 for a byte. The
internal counter is then compared with the register after every transfer. When the counter value matches
the register value, the channel will be disabled until the MEN bit in the memory channel control register
has been cleared and set again, or the RPT bit in the memory channel control register is set to 1. The
internal counter will be reset to zero when the channel is enabled again. The length of the last DMA burst
can be shorter than a regular burst length specified in the memory channel burst length register.

NOTE:

The value of the memory channel count register must be a multiple of the
source memory or destination memory port size, whichever is larger. If
either the source memory or the destination memory port size is 16-bit,
then bit 0 of MCNT will set to O before comparing with the internal

counter.
MCNTRO . Ox(FF)FE0048
Memory Channel Count Register
MCNTR1 y g 0x(FF)FE0088
BIT31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT16
MCNT
TYPE w rw w w w rwoorw w
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 BITO
MCNT
TYPE w w rw w w w rw w w rw rw w o rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-10. Memory Channel Count Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 31—24 0.
MCNT Memory Count—This field holds the number of See description.
Bits 23—0 bytes of data to be transferred.
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9.7.4 Memory Channel Eontrol"Reégister!!CONDUCTOR, INC. 2005

This register controls the DMAC memory channel operation.

WCRO Memory Channel Control Register Ox(FF)FE004C
MCR1 0x(FF)FE008C
14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
REN DDBD DDBE DSIz SSIZz | RPT | FRC MEN
TYPE rw w o rw rw rw rw rw w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-11. Memory Channel Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 15—11 0.
REN Request Enable—This bit enables/masks the 0 = Masks external DMA request signal,
Bit 10 external DMA request signal (DMA_REQO for DMA transfer is initialized when MEN is
channel 0, DMA_REQ?1 for channel 1). When this asserted only.
bit is set, the DMA transfer is initialized when 1 = Enable external DMA request signal. A
MEN is set and external DMA request signal is DMA request asserted by a peripheral,
asserted. When this bit is clear, the DMA transfer with MEN asserted, will trigger a DMA
is initialized only when MEN is asserted. transfer.
DDBD Discrete Data Block Transfer Direction— 00 = Discrete-to-discrete
Bits 9-8 These bits control the discrete data block transfer | 01 = Discrete-to-continuous
direction. 10 = Continuous-to-discrete
11 = Reserved
DDBE Discrete Data Block Transfer Enable—This bit | 0 = Disable.
Bit 7 enables/disables the discrete data block transfer 1 = Enable.
function.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 6
DSIZ Memory Destination Bus Size—This bit controls | 0 = 16-bit memory bus.
Bit 5 the data bus size of the destination memory port 1 = 8-bit memory bus.
size.
Note: The memory size should not be
programmed to 8-bit when using SDRAM.
Reserved Reserved This bit is reserved and should be set to 0.
Bit 4
SSIz Memory Source Bus Size—This bit controls the | 0 = 16-bit memory bus.
Bit 3 data bus size of the source memory port size. 1 = 8-bit memory bus.
Note: The memory size should not be
programmed to 8-bit when using SDRAM.
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Table 9AR.C Nlemaory=Chantiel Conttol RégisSter/Description (ContifiGed)

Name Description Setting
RPT Repeat—This bit enable/disable bulk data 0 = Disable repeat function.
Bit 2 transfer repeat function. If enable, the Count 1 = Enable repeat function.

Register is reset to its original value at the time
the channel is enabled after its count value
reaches $0. Data transfer will then be carried out

endlessly.
FRC Force DMA Cycle—Writing a 1 to this bit will 1 = Force DMA request.
Bit 1 force a DMA request, regardless of bus utilization

control. Reading to this bit will always give 0.

MEN Memory Channel Enable—This bit 0 = Disable DMA channel.
Bit 0 enable/disable DMA channel. 1 = Enable DMA channel.

9.7.5 Memory Channel Burst Length Register

This register controls the burst length of a DMA cycle. The burst length of the last DMA cycle will be
equal to whatever remains in the counter and if interrupt is enabled, MCBLR asserts an
interrupt-to-interrupt handler after the last data transfer. The burst length should be selected such that the
interrupt latency caused by the DMA burst is acceptable by all other interrupting devices and bus masters.

Because the data buffer size is 32 X 16 in the DMA data buffer and control block, the maximum burst
length (MBL) is limited by this buffer size of 64 bytes. For example, if MBL = 64, for a data transfer from
a 16-bit port to a 16-bit port the MBL will be a 32-word (16-bit) read burst followed by a 32-word (16-bit)
write burst. For a data port transfer from an 8-bit port to a 16-bit port the MBL will be a 64-byte (8-bit)
read burst followed by a 32-word (16-bit) write burst.

NOTE:

Memory Channel Burst Length Requirement—The value of the memory
channel burst length register must be a multiple of the source memory or
destination memory port size, whichever is larger. If either source memory
or destination memory port size is 16-bit, then bit O of the MBL will set to
0 before comparing with the internal counter.

MBLRO _ Ox(FF)FEOO4E
MBLRA Memory Channel Burst Length Register 0x(FF)FEQ0SE
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
MBL
TYPE w rw w rw rw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
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Table'9-12.!VMemory Channel Burst-Length-Register 'Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 15—6
MBL Memory Burst Length—These bits hold the 000001—1 byte read followed by 1 byte write
Bits 5-0 number of bytes that will be transferred ina DMA | ...
burst. 10000032 bytes read followed by 32 bytes write
Requirement: 10000133 bytes read followed by 33 bytes write

e DDBE in MCR Disabled (discrete block
transfer function is not used): If the burst
length value is programmed to be larger
than the count value, then the DMAC
uses the count value as the burst length.

e DDBE in MCR Enabled (discrete block
transfer function is used): If the burst
length value is programmed to be larger
than block length value, the DMAC uses
the block length value as the burst
length.

111111—63 bytes read followed by 63 bytes
write
000000—64 bytes read followed by 64 bytes write

9.7.6 Memory Channel Bus Utilization Control Register

This register controls the bus utilization of the memory channel. The DMAC will not request the system
bus until the counter reaches zero. The count value is latched and starts to count down immediately after
the memory channel DMA burst is completed.

MBUCRO o . 0x(FF)FE0050
MBUCR1 Memory Channel Bus Utilization Control Register 0x(FF)FE0090
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
CCNT
TYPE rw rw rw rw w rw rw rw rw rw rw rw w rw o rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 9-13. Memory Channel Bus Utilization Control Register Description

Name Description Setting

CCNT Clock Count—This field contains the number of DMA clocks where the memory See description.
Bits 15—0 | channel will release to the 68K bus before the next DMA request for the channel.
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9.7.7 Block Length'Register

This register is used in discrete data block transfer only. It defines the block length.

BLRO . 0x(FF)FE0052
BLRA Block Length Register 0x(FF)FE0092

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

BL
TYPE rw rw rw rw w rw w rw rw rw rw rw w rw o rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 9-14. Block Length Register Description

Name Description Setting

BL Block Length—This field holds the block length in bytes. See description.
Bits 15-0 | Requirement:

The value of the memory channel block length register must be a multiple of the
source memory or destination memory port size, whichever is larger. If either
source memory or destination memory port size is 16-bit, then bit 0 of BLR will be
set to 0 before comparing with the internal counter.

9.7.8 Source Block Separation Distance Register

This register is only used during discrete block transfers. The source block separation distance register
(SBSDR) determines the number of bytes skipped between two discrete data blocks in the transfer.

SBSDRO — . 0x(FF)FE0054
SBSDR1 Source Block Separation Distance Register 0x(FF)FE0094
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O

SBSD

TYPE rw rw rw rw rw rw rw rw rw rw rw rw w  rwrw rw

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RESET
0x0000
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Table 9-15." Source Block-Separation-Distance'Register 'Description

Name Description Setting

SBSD Source Block Separation Distance—This field contains the number of bytes of See description.
Bits 15—0 | data to be skipped while reading discrete blocks in discrete block transfer.

Requirement:

The value of this source block separation distance register must be the multiple of
the source memory or destination memory port size, whichever is larger. If either
source memory or destination memory port size is 16-bit, then bit 0 of SBSDR will
set to 0 before comparing the internal counter.

9.7.9 Memory Channel External DMA Request Time-Out Register

This register sets time-out for the DMA request from the selected external DMA request lines
(DMA_REQO or DMA_REQ1). It is used to detect the discontinuity of data transfer from an external I/O
device. The count value in this register is latched to an internal counter and starts to count when a DMA
channel is enabled, and is reset to the original value when a DMA request is detected. Upon time-out, it
asserts an interrupt and sets the error bit in the DMA request time-out status register. The input clock is
selectable from either the DMA clock or the 32 kHz clock.

MRTORO . . 0x(FF)FE0056
Memory Channel DMA Request Time-Out Register
MRTOR1 0x(FF)FE0096
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
EN CLK | PSC CNT
TYPE rw rw rw rw rw rw rw rw rw rw rw rw w rwrw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-16. Memory Channel DMA Request Time-Out Register Description
Name Description Setting

EN Enable—This bit enable/disable DMA request 0 = Disable DMA request time-out.

Bit 15 time-out. 1 = Enable DMA request time-out.

CLK Clock Source—This bit selects the counter of 0 = DMACLK

Bit 14 input clock source. 1 =32.768KHz

PSC Prescaler Count—Prescaler of input clock 0 = Divide by 1

Bit 13 1 = Divide by 256

CNT Request Time-Out Count—These bits hold the See description.

Bits 12—0 time-out count down value for the internal

counter. This value remains unchanged
throughout the DMA process.
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9.7.10 Destination'Block'Separation Distance'Register

This register
discrete data

is used in discrete block transfer only. It determines the number of bytes skipped between two
blocks when writing the destination block.

DBSDRO o — . 0x(FF)FE0058
Destination Block Separation Distance Register
DBSDR1 Ox(FF)FE0098
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 BIT 0
DBSD
TYPE rw rw rw rw rw rw rw rw rw rw rw rw w rwrw rw
0 0 0 0 0 0 0 0 0 0 0 0o 0 O 0
RESET
0x0000
Table 9-17. Destination Block Separation Distance Register Description
Name Description Setting
DBSD Destination Block Separation Distance—These bits hold the number of bytes of | See description.

Bits 15-0

data to be skipped during writing discrete blocks during Discrete Block Transfers.
Requirement:

The value of the destination block separation distance register must be a multiple of
the source memory or destination memory port size, whichever is larger. If either
source memory or destination memory port size is 16-bit, then bit 0 of SBSDR wiill
set to 0 before comparing the internal counter.
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9.8

Freescale Semiconductor, Inc.

Channels 2-5 support I/O-to-memory and memory-to-I/O data transfer. All channels have an identical set
of registers that are discussed with their bit assignments and descriptions in I/O Channel Memory Address
Register on page 20 and I/O Channel DMA Request Time-Out Register on page 27.

The I/O channels generate transfer complete or error interrupts to the interrupt handler during the
following conditions:

1. When data count reaches the desired value and both IDIR and EOBE bits are not set—only
during a burst cycle.

2. When DMA request time-out is true.

When DMA burst time-out is true during a burst cycle.

9.8.1

I/0 Channel Memory Address Register

This register contains the memory address for the first DMA cycle. The value of this register remains
unchanged throughout the DMA process.

IMAR2 0x(FF)FE00CO

IMAR3 : Ox(FF)FE0100
I/O Channel Memory Address Registers

IMAR4 Y 9 Ox(FF)FE0140

IMARS5 0x(FF)FE0180
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT 16
IMA
TYPE rw rw rw rw rw rw rw rw rw rw rw rw o rwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
IMA
TYPE rw rw rw rw rw rw rw w rw rw rw rw wrwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-18. 1/0 Channel Memory Address Register Description
Name Description Setting
IMA I/0O Channel Memory Address—This field holds the system memory address See description.
Bits 31-0 | where the data will be written to or read from.
Note: IMA[O] will always read or write as 0 to ensure a word-align address.
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9.8.2 1/0 Chanhel PeripheraltAddress Register'C 1OR, INC. 2005

This register contains the peripheral address for the DMA cycle. The value of this register remains
unchanged throughout the DMA process.

IPAR2 0x(FF)FE00C4
IPAR3 . . 0x(FF)FE0104
I/O Channel Peripheral Address Registers
IPAR4 P g Ox(FF)FE0144
IPAR5 0x(FF)FE0184
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT 16
IPA
TYPE rw rw rw rw rw rw rw rw rw rw rw rw o rwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
IPA
TYPE rw rw rw rw rw rw rw rw rw rw rw rw o rwoorw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-19. 1/O Channel Peripheral Address Register Description
Name Description Setting
IPA I/0 Channel Memory Address—This field holds the peripheral address where See description.
Bits 31—-0 | data will be written to or read from.

MOTOROLA
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9.8.3 1/0 Chanﬁ@f@bﬂhﬁﬂé@ﬁg@LE SEMICONDUCTOR, INC. 2005

This register contains the number of bytes of data to be transferred. There is an internal counter which will
up count for every DMA transfer—that is, number of bytes minus 2 for a word and minus 1 for a byte. The
internal counter is compared with the register after every transfer. When the counter value matches the
register value, the channel is disabled until the CEN bit in the I/O channel control register is cleared and set
again, or the RPT bit in the I/O channel control register is set to 1. The internal counter is reset to zero
when the channel is enabled again.

The length of the last DMA burst can be shorter than a regular burst length specified in the I/O channel
burst length register. However, if data is transferred out from an I/O FIFO and the last burst is less than
MBL, the I/O device has to be capable of generating a DMA request for the last transfer. If data is
transferred to an I/O FIFO and the last burst is less than MBL, only the remaining count of data is
transferred.

When both EOBE and IDIR bit of I/O channel control register are set, this register becomes a read only
register and the value of the register will be the number of bytes being transferred.

NOTE:

I/0 Channel Count Value Requirement—The value of the I/O channel
count register must be a multiple of the peripheral FIFO or memory port
size, whichever is larger. If either peripheral FIFO or memory port size is
16-bit, then bit 0 of ICNT will set to 0 before comparing with the internal

counter.
ICNTR2 0x(FF)FEO0CS8
ICNTR3 . 0x(FF)FE0108
I/O Channel Count Registers
ICNTR4 9 0x(FF)FE0148
ICNTR5 0x(FF)FE0188
BIT31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 BIT16
ICNT
TYPE w rw w w o rwoorw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 BITO
ICNT
TYPE w w rw w w w rw w w rw rw w o rwoorw w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-20. 1/0 Channel Count Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 31—24
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Table 9420l VIF® ChanrieECount Registér Deseription (Contilied) 05
Name Description Setting
ICNT 1/0 Count—This field contains the number of bytes | See description.
Bits 23—0 of data to be transferred.
9.8.4 1/0 Channel Control Register
This register controls and reflects the status of DMAC channel operation.
ICR2 0x(FF)FE00CC
ICR3 . 0x(FF)FE010C
I/O Channel Control Register
ICR4 g Ox(FF)FE014C
ICR5 0x(FF)FE018C
BIT15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
FLYBY | DIR | REN EOBE IFSIZ MSIz RPT | FRC CEN
TYPE rw rw rw rw rw rw rw w rw
0 0O 0 O 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-21. 1/0O Channel Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and
Bits 15—12 should be set to 0.
FLYBY Flyby—This bit enables/disables a feature by which the 0 = Disable Flyby.
Bit 11 destination party can get the data from the data bus in the 1 = Enable Flyby.
time that the source party drives the data out. When it is
disabled, a DMA burst is accomplished by executing two
transfers: source party -> DMA FIFO and DMA FIFO ->
destination party.
Note: This feature does not support byte transfer when the
memory is a 16-bit port device. The flyby feature is not
supported by the USB device.
DIR Direction—This bit controls the data move direction. 0 = Memory to peripheral.
Bit 10 1 = Peripheral-to-memory.
REN Request Enable—This bit enables/masks the DMA request | 0 = Masks DMA request signal,
Bit 9 signal. When this bit is set, the DMA burst will be initiated by asserting DMA request by
the DMA_REQ signal from the I/O FIFO. When this bit is the peripheral will not trigger
clear, no DMA transfer will be issued unless FRC bit is set by a DMA transfer.
software. 1 = Enables DMA request signal,
asserting DMA request by
the peripheral will trigger a
DMA transfer.
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Table\9:21: | /OLChahhel [Confrdl | Registel Description((Cottibued)) 5

Name Description Setting
EOBE End of Burst Enable—This bit enable/disable end-of-burst 0 = Disable end-of-burst
Bit 8 operation. operation.

Note: When this bit is set, the end-of-burst operation is 1 =Enable (_and-of-burst
enabled. This bit needs to work together with the direction bit operation.
DIR (bit-10).
Reserved Reserved This bit is reserved and should
Bit 7 be set to 0.
IFSIZ 1/0 FIFO Size—This bit selects the I/O FIFO size. 0 = 16-bit /0O FIFO.
Bit 6 Note: IFSIZ will always read/write as 0 if the EOBE bitis | 1=8-Dit /O FIFO.
set, because end-of-burst operation will only work for 16-bit
FIFO.

Note: When using the flyby function (FLYBY=1) and 8-bit
FIFO size (IFSIZ=1), memory port size (MSIZ) should use
8-bit memory bus.

Reserved Reserved These bits are reserved and
Bits 5—4 should be set to 0.

MSIZ Memory Port Size—This bit selects the memory data port 0 = 16-bit memory bus.

Bit 3 size. 1 = 8-bit memory bus.

Note: The memory size should not be programmed to 8-bit
when using SDRAM.

RPT Repeat—This bit enables/disables the data transfer repeat 0 = Disable repeat function.
Bit 2 function. If this bit is enabled when the data count reaches 0, 1 = Enable repeat function.
the count register is reset to its original value (at the time the
channel is enabled). The memory address generator is
reloaded from the memory address register for the next DMA
burst. Data transfer will then be carried out repeatedly to and
from a memory buffer.

FRC Force DMA Cycle—Writing a 1 to this bit will force a DMA 1 = Force DMA request.
Bit 1 cycle. Reading to this bit will always provide 0. This function
is normally used for debugging and when REN=0.

CEN DMA Channel Enable—This bit enables/disables DMA 0 = Disable DMA channel.
Bit 0 channel. 1 = Enable DMA channel.

When the direction (DIR) bit is set, which is a peripheral-to-memory transfer operation, the burst length is
determined by the input signals DMA_EOBI and DMA_EOBI_CNT. The DMA burst (from
peripheral-to-memory) can only be terminated by disabling the channel (clear the CEN bit in I/O channel
control register). The I/O channel count register ICNTR2-ICNTRS) will become read only and will
indicate the number of bytes being transferred. This setting is generally used when the I/O channel is
configured to transfer data from an endpoint FIFO of the USB device to an endpoint data packet buffer in
system memory.

When the direction bit is clear, which is a memory to peripheral transfer operation, the channel will work
like a normal operation, the only difference is that, at the end of each burst, the DMA controller will
generate the DMA_EOBO and DMA_EOBO_CNT signals to the peripheral. This setting is generally used
when the I/O channel is configured to transfer data from an endpoint data packet buffer in system memory
to an endpoint FIFO of USB device
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Table-9-22--DMA "EOBI-CNT-ahe DMA- EOBO ‘CNT Status

DMA_EOBI_CNT or DMA_EOBO_CNT Last Data
0 8-bit
1 16-bit

9.8.5 I/0 Channel Request Source Select Register

This 8-bit register selects one of the 32 DMA request signals (DMA_REQ[31:00]) which will initiate a
DMA transfer for the channel.

IRSSR2 0x(FF)FEOOCE
IRSSR3 , Ox(FF)FEO10E
IRSSR4 I/O Channel Request Source Select Register Ox(FF)FE014E
IRSSR5 Ox(FF)FEO18E
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
IRSS

TYPE rw w rwrw rw

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET

0x0000

Table 9-23. 1/0 Channel Request Source Select Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be set to
Bits 155 0.
IRSS /0 Request Source Select—These bits select 00000-select DMA_REQI0]
Bits 4—0 one of the 32 DMA_REQ signals which will
initiate the DMA transfer cycle for this channel. 11111-select DMA_REQ[31]

9.8.6 I/0 Channel Burst Length Register

This register controls the burst length of a DMA cycle. Unlike the memory channel, the I/O channel burst

length is normally assigned by the FIFO size of the selected I/O device, or at the FIFO level its DMA_REQ
signal asserts.

For example, if the UART RxD FIFO is 12 X 8 and it asserts DMA_REQ when it receives more than
8 bytes of data, then IBL in this case is 8. If the memory port size is also 8-bit, then the DMA burst will be
8 times the byte read followed by 8 times the byte write transfer cycle.

If memory port size is smaller than the I/O port size—for example, the I/O port is 16-bit, memory port is

8-bit, and the burst length is set to 16—then the DMA will perform a 16-word burst read and a 32-byte
burst write for the I/O-to-memory transfer.

MOTOROLA DMA Controller 9-25
For More Information On This Product,
Go to: www.freescale.com



P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

JMA Controller

Freescale Semiconductor, Inc.

ARCHIVED BY FREESGRTE:SEMICONDUCTOR, INC. 2005

I/0 Channel Burst Length Requirement—The value of the I/O channel
Burst Length Register must be the multiple of the peripheral FIFO or
memory port size, whichever is larger. If either the peripheral FIFO or the
memory port size is 16-bit, then bit O of IBL will set to O before comparing

with the internal counter.

IBLR2 0x(FF)FEOODO
IBLR3 . Ox(FF)FEO110
I/O Channel Burst Length Register
IBLR4 gih eg Ox(FF)FE0150
IBLR5 0x(FF)FE0190
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BIT O
IBL
TYPE rw rw w  rwrw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-24. 1/0 Channel Burst Length Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 156
IBL I/0 Channel Burst Length—These bits hold | 000001-1 byte read followed by 1 byte write
Bits 5-0 the number of bytes that will be transferredin | ...
a DMA burst. IBL is normally equal to the 100000-32 bytes read followed by 32 bytes write
depth of the target FIFO. 100001-33 bytes read followed by 33 bytes write
Note: If the user programs the burst length | - )
larger than the count value, the DMAC uses 111111-63 bytes read followed by 63 bytes write
the count value as the burst length. 000000-64 bytes read followed by 64 bytes write
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9.8.7 1/0 Chanhel DMA Request‘Fime-Out Register:. INC. 2005

This register sets time-out for the DMA request from the selected I/O data FIFO. It is used to detect the
discontinuity of I/O data transfer from an external I/O device. The count value in this register is latched to
an internal counter and starts to count when a DMA channel is enabled, and then is reset to the original
value when a DMA request is detected. Upon time-out, it asserts an interrupt and sets the error bit in the
DMA request time-out status register. The input clock is selectable from either the DMA clock or the

32.768 kHz clock.

IRTOR2 Ox(FF)FEOOD2
IRTOR3 . . 0x(FF)FE0112

I/O Channel DMA Request Time-Out Register

IRTOR4 g 9 0x(FF)FE0152

IRTORS Ox(FF)FE0192
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 BITO
EN CLK PSC CNT
TYPE rw rw rw rw rw rw W rw rw rwrw rw w  rwrw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 9-25. 1/0 Channel DMA Request Time-Out Register Description
Name Description Setting

EN Enable—This bit enable/disable DMA request 0 = Disable DMA request time-out.

Bit 15 time-out. 1 = Enable DMA request time-out.

CLK Clock Source—This bit selects the counter of 0 = DMACLK

Bit 14 input clock source. 1 =32.768 kHz clock

PSC Prescaler Count—This bit is the prescaler of 0 = divide by 1

Bit 13 input clock. 1 = divide by 256

CNT Request Time-Out Count—These bits hold the See description.

Bits 12—0 time-out count down value for the internal

counter. This value remains unchanged
throughout the DMA process.
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The base address for DMAC is OxXFFFE0000. A summary of all registers are shown in Table 9-26.

Table 9-26. DMAC Register Map

Address Name Width Description
O0xFFFE0000 DCR 16 DMA Control Register
OxFFFE0002 DTSR 16 DMA Transfer status Register
OxFFFE0004 DIMR 16 DMA Interrupt Mask Register
0xFFFE0006 DBTOSR 16 DMA Burst Time-Out Status Register
OxFFFEO008 DRTOSR 16 DMA Request Time-Out Status Register
OxFFFEOOOA — — Reserved
OxFFFEO00C - - Reserved
OxFFFEOOOE DBTOCR 16 DMA Burst Time-Out Control Register
OxFFFE0010—-03F - - Reserved
OxFFFE0040 MSARO 32 Memory Channel 0 Source Address Register
OxFFFE0044 MDARO 32 Memory Channel 0 Destination Address Register
OxFFFE0048 MCNTRO 32 Memory Channel 0 Count Register
OxFFFEO004C MCRO 16 Memory Channel 0 Control Register
OxFFFEOO4E MBLRO 16 Memory Channel 0 Burst Length Register
OxFFFEO0050 MBUCRO 16 Memory Channel 0 Bus Utilization Control Register
OxFFFEO0052 BLRO 16 Memory Channel 0 Block Length Register
OxFFFE0054 SBSDRO 16 Memory Channel 0 Source Block Separation Distance Register
OxFFFEO056 MRTORO 16 Memory Channel 0 External DMA Request Time-Out Register
OxFFFEO0058 DBSDRO 16 Memory Channel 0 Destination Block Separation Distance Register
OxFFFEOO5A—07F - — Reserved
OxFFFEO080 MSARH1 32 Memory Channel 1 Source Address Register
OxFFFE0084 MDAR1 32 Memory Channel 1 Destination Address Register
OxFFFEO088 MCNTR1 32 Memory Channel 1 Count Register
OxFFFE008C MCR1 16 Memory Channel 1 Control Register
OxFFFEOO8E MBLR1 16 Memory Channel 1 Burst Length Register
OxFFFEO0090 MBUCR1 16 Memory Channel 1 Bus Utilization Control Register
OxFFFE0092 BLR1 16 Memory Channel 1 Block Length Register
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Inlﬁ\)lAC Register Addresses

Address Name Width Description

OxFFFE0094 SBSDRH1 16 Memory Channel 1 Source Block Separation Distance Register

OxFFFEO0096 MRTOR1 16 Memory Channel 1 External DMA Request Time-Out Register

OxFFFE0098 DBSDRH1 16 Memory Channel 1 Destination Block Separation Distance Register
OxFFFEO09A—OBF - - Reserved

OxFFFEOOCO IMAR2 32 I/O Channel 2 Memory Address Register

OxFFFEOOC4 IPAR2 32 I/O Channel 2 Peripheral Address Register

OxFFFEOOCS8 ICNTR2 32 I/O Channel 2 Count Register

O0xFFFEOOCC ICR2 16 I/O Channel 2 Control Register

OxFFFEOOCE IRSSR2 16 I/O Channel 2 Request Source Select Register

OxFFFEOODO IBLR2 16 I/O Channel 2 Burst Length Register

OxFFFEOOD2 IRTOR2 16 I/0O Channel 2 DMA Request Time-Out Register
OxFFFEOOD4—0FF - — Reserved

OxFFFEO100 IMAR3 32 I/O Channel 3 Memory Address Register

OxFFFEO104 IPAR3 32 I/O Channel 3 Peripheral Address Register

OxFFFEO108 ICNTR3 32 I/O Channel 3 Count Register

OxFFFEO10C ICR3 16 I/0O Channel 3 Control Register

OxFFFEO10E IRSSR3 16 I/0 Channel 3 Request Source Select Register

OxFFFEO110 IBLR3 16 I/O Channel 3 Burst Length Register

OxFFFEO112 IRTOR3 16 I/O Channel 3 DMA Request Time-Out Register
OXFFFE0114—13F - - Reserved

OxFFFEO140 IMAR4 32 I/O Channel 4 Memory Address Register

OxFFFEO144 IPAR4 32 I/O Channel 4 Peripheral Address Register

OxFFFEO148 ICNTR4 32 I/O Channel 4 Count Register

OxFFFEO14C ICR4 16 I/O Channel 4 Control Register

OxFFFEO14E IRSSR4 16 I/0O Channel 4 Request Source Select Register

OxFFFEO0150 IBLR4 16 I/O Channel 4 Burst Length Register

OxFFFEO152 IRTOR4 16 I/O Channel 4 DMA Request Time-Out Register
OxFFFEO154—-17F - - Reserved

OxFFFEO180 IMAR5 32 I/O Channel 5 Memory Address Register

MOTOROLA DMA Controller 9-29

For More Information On This Product,

Go to: www.freescale.com




P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

JMA Controller

ARCTable9=26.~ DMAC(Register-Map (Continued):, INC. 2005

Freescale Semiconductor, Inc.

Address Name Width Description
OxFFFEO184 IPAR5 32 I/O Channel 5 Peripheral Address Register
OxFFFEO188 ICNTR5 32 I/O Channel 5 Count Register
OxFFFEO18C ICR5 16 I/0O Channel 5 Control Register
OxFFFEO18E IRSSR5 16 I/0 Channel 5 Request Source Select Register
OxFFFEO0190 IBLR5 16 I/O Channel 5 Burst Length Register
OxFFFEO0192 IRTOR5 16 I/O Channel 5 DMA Request Time-Out Register

O0xFFFE0194—1FF - - Reserved

9.10 DMA Request Table
A summary of all DMA requests are shown in Table 9-27.

Table 9-27. DMA Request Table

DMA Request

Peripheral

DMA_REQI31] UART 1 Receive DMA Request
DMA_REQ[30] UART 1 Transmit DMA Request
DMA_REQ[29] UART 2 Receive DMA Request
DMA_REQ[28] UART 2 Transmit DMA Request
DMA_REQ[27] USB Device End Point 2 DMA Request
DMA_REQ[26] USB Device End Point 1 DMA Request
DMA_REQ[25] USB Device End Point 0 DMA Request
DMA_REQ[24] ASP ADC DMA Request
DMA_REQ[23] CSPI Transmit DMA Request
DMA_REQ[22] CSPI Receive DMA Request
DMA_REQ[21] MMCSD DMA Request
DMA_REQ[20] Reserved

DMA_REQ[19] External DMA Request (DMA_REQO)
DMA_REQ[18] External DMA Request (DMA_REQT)
DMA_REQ[17] USB Device End Point 4 DMA Request
DMA_REQ[16] USB Device End Point 3 DMA Request
DMA_REQ[15] MSHC DMA Request
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DMA Request Peripheral
DMA_REQ[14] Reserved
DMA_REQ[13] Reserved
DMA_REQ[12] Reserved
DMA_REQ[11] Reserved
DMA_REQ[10] Reserved
DMA_REQ[9] Reserved
DMA_REQJ8] Reserved
DMA_REQ[7] Reserved
DMA_REQJ6] Reserved
DMA_REQ[5] Reserved
DMA_REQI[4] Reserved
DMA_REQ[3] Reserved
DMA_REQJ[2] Reserved
DMA_REQ[1] Reserved
DMA_REQI0] Reserved
MOTOROLA DMA Controller
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Chapter 10
LCD Controller

The liquid crystal display controller (LCDC) provides display data for an external gray-scale or color LCD
panel. The LCDC is capable of supporting black and white, gray-scale, passive matrix color, and active
matrix color LCD panels.

10.1 Features
The MC68572328’s LCDC offers the following key features:

Support for single (non-split) screen monochrome/color LCD panels and self-refresh type LCD
panels

16 simultaneous gray-scale levels from a palette of 16 for monochrome display
Support for:

— 4/8 bits per pixel (bpp) for passive color panel

— 4/8/12/16 bpp for TFT panel

— Up to 256 colors out of a palette of 4096 colors for an 8 bpp display and 4096 colors for a 12
bpp display

— True 64K colors for 16 bpp
Table 10-1 and Table 10-2 summarize this and additional information.
Standard panel interface for common LCD drivers

Panel interface of 16-, 12-, 8-, 4-, 2-, and 1-bit-wide LCD panel data bus for monochrome or color
panels

Interface to passive and active color panel (TFT)

Direct interface to Sharp 320 x 240 HR-TFT panel

Capability to share system memory or eSSRAM for display memory
Hardware blinking cursor that is programmable at a maximum 63 x 63 pixels
Logical operation between color hardware cursor and background

Hardware panning (soft horizontal scrolling)

8-bit pulse-width modulator for software contrast control

Figure 10-1 on page 10-3 is a block diagram of the LCDC.

MOTOROLA LCD Controller 10-1

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



h -

P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

-CD Controller

Freescale Semiconductor, Inc.

Table 10-1. Suppdtted Panel Charactéristios with“External Meémery-Used/ for Display Memory

Panel Type Bits/Pixel Pane(IBiri;tse)rface Numllo:‘:‘ec;;/groa;zﬁcale Max. Pan((ella iiiezlz )?upported
Monochrome 1 1,2,4,8 Black and white 640x480
2 1,2,4,8 4 640x480
4 1,2,4,8 16 640x480
CSTN 4,8 8 16, 256 640x480
TFT 4,8 16 16, 256 640x480
12,16 12,16 4096, 64K 640x480

1. The actual panel size depends on system bandwidth utilization.

Table 10-2. Supported Panel Characteristics with eSRAM Used for Display Memory

Panel Type Bits/Pixel Pane(l;atse;rface Num::;e?;/(éroa:z;icale Max. Pan(-zlpis)izcles.)supported
Monochrom 1 1,2,4,8 Black and white 640x480
° 2 1,2,4,8 4 640x480
4 1,2,4,8 16 320%240 or 240x320
CSTN 4,8 8 16, 256 320x240 or 240x320
TFT 4,8 16 16, 256 320x240 or 240x320
12, 16 12, 16 4096, 64K 240x160 or 160x240
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Bus FIFO —
Interrupt (Line Buffer) ¢
Shift
1b 4/8-bit 16-bit
PP Y Color Color Active
b Palette 12-bit color
PP Look-up Table
h Passive
4 bpp (gray) FRC 16-bit
4bpp Interface Color H/W Culrsor
ﬁ ]
Y
FRC | H/W Cursor
Gray “|  Non-Color TET
.
> LD[15:0]
Interface i EIF_"/\IA-I/\S/\S(’EQC
Interface Logic > SCLK
Buffer i
> ACD/OE

Figure 10-1. LCDC Block Diagram

10.2 Operation

The following sections describe the operation of the LCDC.

10.2.1 LCD Screen Format

The number of pixels forming the screen width and screen height of the LCD panel are software
programmable. Figure 10-2 shows the relationship between the portion of a large graphics file displayed
on screen and the actual page.
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< Virtual Page Width (VPW) ——

Screen Starting Address
(SSA)

— >

-g¢—— Screen Width (XMAX) ——p»

Virtual Page Height (VPH)

¢ Screen Height (YMAX)

-

Figure 10-2. LCD Screen Format

The Screen Width (XMAX) and Screen Height (YMAX) parameters specify the LCD panel size. The
LCDC will start scanning the display memory at the location pointed to by the Screen Starting Address
(SSA) register. Therefore, the shaded area in Figure 10-2 will be displayed on the LCD panel.

The maximum page width is specified by the Virtual Page Width (VPW) parameter. Virtual Page Height
(VPH) does not affect the LCDC and is limited only by memory size. By changing the Screen Starting
Address (SSA) register, a screen-sized window can be vertically or horizontally scrolled (panned)
anywhere inside the virtual page boundaries. However, software must position the starting address in SSA
properly so that the scanning logic’s System Memory Pointer (SMP) does not stretch beyond VPW or
VPH; otherwise strange artifacts will appear on the screen. VPH is only used by the programmer for
boundary checks. There is no VPH parameter internal to the LCDC.

VPW is used to calculate the RAM starting address representing the beginning of each displayed line. SSA
sets the address of data for the first line of a frame. For each subsequent line, VPW is added to an
accumulation initialized with SSA to yield the starting address of that line.

10.2.2 Panning

Panning Offset (POS) is expressed in bits, not pixels, so if there is more than 1 bit/pixel, only even pixel
boundaries are valid. Notice that in 12 bpp mode, the pixels are aligned to 16-bit boundaries. POS must
also align to these boundaries.

SSA and POS are located in isolated registers because they are dynamic parameters that will likely change
while the LCDC is running. They are also double buffered for this reason. New values of SSA and POS do
not take effect until the beginning of the next frame. A typical panning algorithm enables an interrupt at the
beginning of the frame. In the interrupt service routine, POS, SSA, or both are updated (the old values are
latched internally). The updates take effect on the next frame.
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The LCDC supports 1/2/4 bpp in monochrome mode and 4/8/12/16 bpp in color mode. System memory
data mapping in 2/4/8/12/16 bpp modes is shown in Figure 10-3 and in Figure 10-4.

NOTE:

In 12 bpp mode, 16 bits of memory are used for each set of 12 bits, leaving
4 bits unused. In 16 bpp mode, all 16 bits are used. Refer to Figure 10-4
and Table 10-4 for TFT mode LD bit color channels assignments.

LCD Drivers

&
o
=
(@]
o
O
|

Figure 10-3. Mapping of Memory Data on the Screen

In the binary (1 bpp) mode, each bit in the display memory corresponds to a pixel in the LCD panel. The
corresponding pixel on the screen is either fully on or fully off.
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1 bpp Mode 2 bpp Mode
7 6 5 4 3 2 1 0 7 6 4 3 1 0
(0,0) | (1,0) | (2,0) | (3,0) | (4,0) | (5,0) | (6,0) | (7,0) (0,0) (1,0) (2,0) (3,0
(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)
4 bpp Mode 8 bpp Mode
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
(0,0) (1,0) (0,0)
(2,0) (3,0) (1,0)
(X-4,Y-1) (X-3,Y-1) (X-2,Y-1)
(X-2,Y-1) (X-1,Y-1) (X-1,Y-1)
12 bpp Mode (TFT)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R3 | R2 | R1 | RO G3 | G2 | G1 | GO B3 | B2 | B1 | BO (0,0)
R3 | R2 | Ri1 RO G3 | G2 | G1 | GO B3 | B2 | B1 | BO (1,0
R3 | R2 | R1 RO G3 | G2 | G1 | GO B3 | B2 | B1 | BO (X-2,Y-1)
R3 | R2 | R1 RO G3 | G2 | G1 | GO B3 | B2 | B1 | BO (X-1,Y-1)
16 bpp Mode (TFT)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R4 | RB| R2| R1 | RO|G5| G4 | G3|G2|G1| GO |B4|B3|B2|B1]|B0 (0,0)
R4 | R3| R2 | R1 |RO|G5|G4 | G3|G2|Gl1 | GO |B4|B3|B2|B1|B0 (1,0
R4 | R3| R2 | R1 |RO|G5|G4 | G3|G2|G1 | GO |B4|B3|B2|B1|B0 (X-2,Y-1)
R4 | R3| R2 | R1 |RO|G5|G4 | G3|G2| Gl |GO|B4|B3|B2|B1|B0 (X-1,Y-1)
Figure 10-4. Memory Mapping Mode Bit Assignments
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10.2.4 Gray-ScalerOperatioREESCALE SEMICONDUCTOR, INC. 2005

The LCDC is capable of generating up to 16 gray levels. These gray levels are defined by 2 or 4 bits of
display data for each pixel. Using 2 bpp, the LCDC can display 4 shades out of a maximum of 16 shades.
Using 4 bpp, the LCDC can display all 16 shades. Different shades of gray are obtained by controlling the
number of frames in which the pixel is “on” over a period of 16 frames. This method is known as Frame
Rate Control (FRC). It is described in section 10.2.6.

Use of the mapping RAM is shown in Figure 10-5. When using 2 bpp, the mapping RAM is used to map
the 2-bit code to 1 of 4 gray levels, but with 4 bpp, 4-bit code is mapped to 1 of 16 gray levels. Because
crystal formulations and driving voltages vary, the visual gray effect may or may not be related linearly to
the frame rate. A logarithmic scale such as 0, 1/4, 1/2, and 1 might be more pleasing than a linearly spaced
scale such as 0, 5/16, 11/16, and 1 for certain graphics. Figure 10-5 illustrates gray-scale pixel generation.
The flexible mapping scheme allows the user to optimize the visual effect for a specific panel or
application.

7 65 43 2 10
Lifol [ [ [ ] [ | 2oeeoae

l1]1]o]o] | | | | 4vppData

Y
I

I

I

I

I

I

I

I
o

1 To Panel

Figure 10-5. Gray-Scale Pixel Generation

10.2.5 Color Generation

The value corresponding to each color pixel on the screen is represented via a 4-, 8-, 12-, or 16-bit code in
the display memory. In 12-bit/16-bit mode, pixel data is simply moved from display memory to the
12-bit/16-bit LCDC output bus. The 8- and 4-bit modes use a color mapping RAM programmed inside the
LCDC. The 4- or 8-bit data is mapped to a 12-bit RGB code. For active matrix displays, the 12-bit RGB
code from the mapping RAM is output to the panel. For passive matrix color displays, the 12-bit RGB
code is output to the FRC (Frame Rate Control) blocks, which independently process the code
corresponding to the red, green, and blue components of each pixel to generate the required shade and
intensity. See Section 10.2.6, “Frame Rate Modulation Control (FRC).” Figure 10-6 and Figure 10-7
illustrate passive matrix and active matrix color pixel generation, respectively.

MOTOROLA LCD Controller 10-7
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l1]ol1]1] | | | | 4bppData

|1|1|0|0|1|1‘0|1| 8 bpp Data
' I
|

Color RAM
R G B Inside LCDC

256 Rows

Y Y Y
1 0 1 To Panel

Figure 10-6. Passive Matrix Color Pixel Generation

151413121110 9 8 7 6 5 4 3 2 1 0
l1]ol1]1] | | | | 4bppData

|1|1‘0|0|1|1|0|1| 8 bpp Data
' I
|

16 bpp/12 bpp Data

Color RAM
R G B Inside LCDC

256 Rows

To Panel

i l ¢ L i \L L (4 bpp or 8 bpp Data)
0 1.0 0
1

0011 011 1 0 1 ToPanel

(16 bpp or 12 bpp Data)

Figure 10-7. Active Matrix Color Pixel Generation
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10.2.6 Frame Rate'Modulatiorr ControF(FRC)°UCTOR, INC. 2005
The FRC algorithm used with the MC68SZ328 is the same as for the MC68VZ328. See Table 10-3.
Table 10-3. 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 7/8 0.875
E 14/15 0.933
F 1 1

10.2.7 Panel Interface Signals and Timing

The LCDC continuously provides pixel data to the LCD panel via the LCD panel interface. Panel interface
signals are illustrated in Figure 10-8.

LCD Panel Module
— & LD[15:0]

—— > FLM/VSYNC

LCDC —— 9 | P/HSYNC

—— P SCLK
— > ACD/OE

Figure 10-8. LCD Module Interface Signals
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The format, timing, and\pdldrity oPthe\pare Einfeffdce lsigriald KréprdprdmimaBle Nihe k)4 two basic
modes, passive and active, selected by the TFT register bit. The user must select either black-and-white
mode or color mode.

10.2.7.1 Passive Panel Interface Signals

Figure 10-9 shows the LCD interface timing for monochrome panels, and Figure 10-10 shows the LCD
interface timing for passive matrix color panels. Signal polarities are shown as positive, but they can be
reversed by clearing the appropriate register bit. The data bus timing for passive panels is controlled by the
Shift Clock (SCLK), Line Pulse (LP), First Line Marker (FLM), Alternate Crystal Direction (ACD), and
Data (LD) signals. Operation of the panel interface signals is as follows:

1. SCLK clocks the pixel data into the display driver’s internal shift register.

2. LP signifies the end of the current line of serial data and latches the shifted pixel data into
a wide latch.

3. FLM marks the first line of the displayed page. The LD data (and associated LP) enclosed
by the FLM signal marks the first line of the current frame.

4. ACD toggles after a pre-programmed number of FLLM pulses. This signal is used to prevent
degradation of the LCD panel.

NOTE:

LD bus width is programmable to 1, 2, 4, or 8 bits in monochrome mode
(color = 0). Data is justified to the least significant bits of the LD[17:0]
bus. Passive color displays use a fixed 2 2/3 pixels of data per 8-bit vector,
as illustrated in Figure 10-10.

LM ] 1
LP _ﬂ LINE 1 |—| LINE 2 |—| LINE 3 |—| LINE 4 |—| LINE n |—| LINE 1 |—|
1 2 3 59 60 m/4-1 m/4
SCLK
LD3 XXX 10,00 X 1041 X 108 X X10,232] X [0,236] X10,m-8) X 10,m-4] XXX
LD2 XXX 10,1 X 105 X 109 X {10,233 X [0,237] X10,m-71 X 10,m-3) XXX
LD1 SOOKKX 10,21 X 10,61 X 10,101 X (10,2341 X [0,238] X10,m-6] X [0,m-21 XXX
LDO XX 0.3 X171 X o111 X 102351 X [0.239] O s X e T XXXX

Figure 10-9. LCD Interface Timing for 4-Bit Data Width Gray-Scale Panels

10-10 MC68SZ328 Reference Manual MOTOROLA
For More Information On This Product,
Go to: www.freescale.com



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale Semiconductor, Inc. Operati
peration

ARCHIVED BY FREESCALE SEMICONDUCTOR,INC. 2005
FLM

LP _|—| LINE 1 |—| LINE 2 |—| LINE 3 |—| LINE 4 |—| LINE n |—| LINE 1 |—|

LP J_| mh

3*m/8-1 3*m/8

1 2 3 89 90
SCLK
LD7 XXX X Ri0,00 X Bl0,21 X 6[0,5] X XBI0,234)XG[0,237)X XB10,m-6}XG[0,m-3pOXOXK

LD6 >XOXXXX clo,01 X R3] X Blo,5] X {RI10,235]XB]0,237] XRI10,m-5)XB[0,m-3pOCKK
LD5 XXX XX 80,01 X 60,31 X R[0,6] X XG10,235]XRI10,238) XG10,m-5)XR10,m-2DOCKK
LD4 OO RI0.11 X B0.3] X Glo.6] X XB10.235]XG[0.238]) YBo.m-5)XGm 2 XXX
LD3 X XXX X a0, X Rio.41 X B[0,6] X XR10,236]XB[0,238]X XRI10,m-4]XB10,m-2DOXCXK
LD2 XX XX X Bio.11 X ci0.41 X Ri0.7] X XG10,236)XR10,239)X Xeom 4RO XXKX
LD1 XXX XX Rio,21 X Blo,41 X 6[0,71 X {BI0,236]XG[0,239)X XBI10,m-41XG10,m-1X X XK
LDO0 XX XXX a0,21 X Rio.51 X Bl0,7] X {RI0,237]XB[0,239]) XR10,m-3)@[0,m-1PXOCXX

Figure 10-10. LCD Interface Timing for 8-Bit Data Passive Matrix Color Panels

10.2.7.2 Passive Panel Interface Timing

Figure 10-11 shows the horizontal timing (timing of one line), including both the line pulse (LP) and the
data. The width of LP, and delays both before and after LP, are programmable. The parameters used for
passive panel interface timing are as follows:

*  XMAX (X size) defines the number of pixels per line. XMAX is the total number of pixels per line.
* H_wait_1 defines the delay from the end of data output to the beginning of LP.

* H_width (Horizontal Sync Pulse Width) defines the width of the FLM pulse. H_width must be at
least 1.

* H_wait_2 defines the delay from the end of LP to the beginning of data output.

NOTE:
All parameters are defined in units of pixel clock period, unless stated
otherwise.

Figure 10-12 shows the panel vertical timing (timing of one frame) for passive, color mode.

The delay from the end of one frame until the beginning of the next is programmable. Signal event timing
is as follows:

1. Pass_frame_wait defines the delay from the last line of the frame to the beginning of the FLM
signal, in Passive Color mode (see Section 10.3, “Programming Model,” for details).

2. YMAX defines the number of lines in a frame.

MOTOROLA LCD Controller 10-11
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< XMAX H_wait_1 H_width H_wait 2
(pixels)

el R R v
/ / \ /

-

[
-

Figure 10-11. Horizontal Sync Pulse Timing in Passive (Non-TFT) Mode

> Pass_frame_wait - YMAX -

(lines)
FLM \

LP N\ [»
SCLK ><>(>(>\ MO\ m MO\

A A

end of last line start of frame

Figure 10-12. Vertical Sync Pulse Timing Passive (Non-TFT) Mode

10.2.7.3 Active Matrix Panel Interface Signals

Figure 10-13 shows the LCD interface timing for an active matrix color TFT panel. This figure shows
signals with negative polarity (FLMpol = 0, LPpol = 0, CLKpol = 0, OEpol = 0). The panel interface
timing for active matrix panels is sometimes referred to as a “digital CRT.” It is controlled by the Shift
Clock (SCLK), Horizontal SYNC pulse (HSYNC, the LP pin in passive mode), Vertical SYNC pulse
(VSYNC, the FLLM pin in passive mode), Output Enable (OE, the ACD pin in passive mode), and Data

(LD) signals. The sequence of events for active matrix interface timing is as follows:

1. SCLK latches data into the panel on its negative edge (when positive polarity is selected).

Unlike in the passive mode, it runs continuously.

2. HSYNC causes the panel to start a new line.

VSYNC causes the panel to start a new frame. It always includes at least one HSYNC pulse.

OE functions as an output enable signal to the display. This output enable signal is similar
to the blanking output in a CRT and enables the data to be shifted onto the display. When

disabled, the data is invalid and the trace is off.

10-12 MC68SZ328 Reference Manual
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The LD is a 12-bit/16-bit bus width. In 12-bit mode, bits [15:12] are for red, bits [10:7] are for green, and
bits [4:1] are for blue. In 16-bit mode, bits [15:11] are for red, bits [10:5] are for green, and bits [4:0] are

for blue. The actual TFT color channel assignments are shown in Table 10-4

Operation

Table 10-4. TFT Color Channels on LD Bus

LD LD LD LD LD LD LD | LD LD LD LD | LD | LD | LD | LD | LD

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
4 R3 R2 R1 RO X G3 G2 | Gi GO X X B3 | B2 | B1 BO X
bpp
8 R3 R2 R1 RO X G3 G2 | Gi GO X X B3 | B2 | B1 BO X
bpp
12 R3 | R2 | R1 | RO| X | G3 |G2 |Gl | GO | X | X |B3|B2|B1|B0| X
bpp
16 R4 R3 R2 R1 RO G5 G4 | G3 G2 G1 GO | B4 B3 B2 B1 BO
bpp
MOTOROLA LCD Controller 10-13
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L

[—| LINE n l—| LINE 1 I—l

OE — | -
1 2 3 239 240 m-1 m
SCLK LML [ LT L= . L1 oLl L
LD15 X XXX X roo.01 X Roo. 11 XRo[0,21 XRoI0,238]R0[0,239]Y XRO0,m-2)XROO.M-1K
LD14 XX XX X R110,01 XR110,11XR110,21 XR110.238)XR110,2390 <RI0.m2XRIOM- KX
LD13 XXX X XRr20.01 XR210.11 XR2[0,2] ¥ KR210,238]XR2[0,239]X <R210,m-2xR2(0.m-1HK
LD1Z XXX X Xra0,0 XRa30,11 X R30,2] ) XR3[0.238]XR3[0.239] XR310,m-2XR30.MARGENK
LD 10X X X Go10,01 X Goro. 11 X Gojo,21» XG0I0.238)XG0[0,239]Y <GOD0.m-2XB00.m- 1K
LD9 X XXX X100 X6110,11X G1[0.2] » XG5 110,238)XG1[0,239]X <GI0.m2X G0N
LD8 XX XX Xa210.01 XG210,11X G2[0.2] ¥ XG210,238]xG2[0,239])/ XG210,m-2]G2[0,m- T X XX
LD7 XXX X Xasp.0Xe3p.10Xe3p.2X XG3[0,238]xG3[0,239)/ )<G310,m-2XG30.m- T X XK
LD4 X XXX XBop0,01 X Boro, 11 X Boo.21 Y. KB0[0,238]XB0[0,239]Y <BOI.m-2IXBO0. MR
LD3 XXX XB110.01 X 810,11 X B0[0.21 ) XB110,238]%B1[0,239]Y XBA10,m-2lBT[0,m-TY XXX
LD2 XXX X XB210.01 X210, X B2[0.2] Y{ XB210,238]xB2(0,239]Y XB210.m-2[B2[0.m- XK
LD1 XXX X XB310.01 XB30.11 X B3[0.2) X, XB310,238])(B3[0,239])/ XB3[0,m-2I%B3[0,m-T X XX

Figure 10-13. LCD Interface Timing for Active Matrix Color Panels

10.2.7.4 Active Panel Interface Timing

Figure 10-14 shows the horizontal timing (timing is shown for only one line), including both the horizontal
sync pulse and the data. The width of HSYNC and delays both before and after HSYNC are

programmable. The timing signal parameters are defined as follows:
*  H_width defines the width of the HSYNC pulse. H_width must be at least 1.
* H_wait_2 defines the delay from the end of HSYNC to the beginning of the OE pulse.
* H_wait_1 defines the delay from the end of OE to the beginning of the HSYNC pulse.

*  XMAX defines the number of pixels per line. XMAX is the total number of pixels per line.

10-14

NOTE:

MC68SZ328 Reference Manual

All parameters are defined in pixel periods, not SCLK periods.
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< H WIDTH H_WAIT2 __, | XMAX pq— HWAITT 5|

sou [1[1717) i ipipfaiaigiaiyYpiaial
-

HSYNC \ , , , /
OF | / \

DATA § )DD(;///}DCX S

VSYNC / \ ,

Figure 10-14. Horizontal Sync Pulse Timing in TFT Mode

Figure 10-15 shows the vertical timing (timing of one frame). The delay from the end of one frame until
the beginning of the next is programmable. The timing signal parameters are defined as follows:

* V_wait_1 is a delay measured in lines. For a V_wait_1 of 1, there is a delay of one HSYNC (time
equals one line period) before VSYNC, and so on. The HSYNC pulse is output during the V_wait_1
delay.

* For a V_width (Vertical Sync Pulse Width) value of 0, VSYNC includes one HSYNC pulse. For a
VSW of 2, VSYNC includes two HSYNC pulses, and so forth.

* V_wait_2 is a delay measured in lines. For a V_wait_2 of 1, there is a delay of one HSYNC (time
equals one line period) after VSYNC, and so on. The HSYNC pulse is output during the V_wait_2
delay.

r End of Frame <&—  V_width — vi Beginning of Frame
(lines)

YMAX -

VSYNC

HSYNC [\_/ N\ AN A [\_//_‘[\ [\%

OE L \ /L/—L
] V_wait_1 - - V_wait 2 -

Figure 10-15. Vertical Sync Pulse Timing in TFT Mode
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The LCDC memory space contains twenty-one 16-bit registers for display parameters, a read-only status
register, and a 256 X 12 color mapping RAM. The color mapping RAM is physically located inside the
Palette Lookup Table module. The base address of the LCDC is OxFFFE0800 (hexadecimal).

Only word access is supported. Byte and half-word accesses are undefined.

Note that there are addressing “gaps” both between the read-write register section and the status register
and between the status register and the color mapping RAM. Table 10-5 summarizes the register memory
mapping in the LCDC.

Table 10-5. Register Memory Mapping Summary

Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
00 Screen Start Address[15:1]
02 Screen Start Address[31:16]

Screen Width[9:3] Screen Height[8:0]
Virtual Page Width (words)[9:0]

Cur Ctrl[1:0] Cursor X Position[9:0]

Blink Cursor Width[5:0]

En

04

Cursor Y Position[8:0]
Cursor Height[5:0]

Oa

Blink Divisor[7:0]

Cursor Color (Red)[4:0] Cursor Color (Green)[5:0] Cursor Color (Blue)[4:0]
12 JACD| Alternate Crystal Direction Control[6:0] | SClk Pixel Clock Divisor[6:0]
Sel Sel
14 [TFT [Color [Panel Bus  [Bit/Pixel[2:0] Pixel [FLM [LP [OE [Sclk [Sclk -T
Width[1:0 Pol |Pol |Pol |Pol |Pol |ldle
16 Horizontal Wait 1[7:0] Horizontal Wait 2[7:0]

Horizontal Sync Pulse Width[5:0]
Vertical Wait 1[7:0]
Vertical Sync Pulse Width[5:0]

18

1a

Vertical Wait 2[7:0]
Passive Mode Idle Counter[7:0]

Panning Offset[3:0]
Gray Palette 1[3:0]

Gray Palette 2[3:0]
Pulse Width[7:0]

Rot. |Enlar
Burst |ge

DMA Low
Marker[3:0]

Rotation
[1:0]

LCD |Self
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Table 10+5/ FRegistefrMémaiy Mapping! Saribar g (Continiedp 005

I Bit

First Color Mapping RAM Location (R[3:0], G[3:0], B[3:0])

Last Color Mapping RAM Location (R[3:0], G[3:0], B[3:0])"

1. The color mapping is physically located in the Palette Lookup Table module (Icdc_lut).

10.3.1 LCD Screen Start Address Register

The LCD screen start address register controls the address at which the LCDC begins fetching pixels for a
new frame. The settings for the LSSA register are shown in Table 10-6.

LSSA LCD Screen Start Address Register Ox(FF)FE0800
%';r 30 29 28 27 26 25 24 23 22 21 20 19 18 17 ?'g
‘ SSA[31:16] ‘
TYPE rw rw rw rw 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 0
RESET
0x0000
BT 4 13 12 11 10 9o 8 7 6 5 4 3 2 1 BT
15 0
SSA[15:1] ‘ |
TYPE rw rw rw 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 10-6. LCD Screen Start Address Register Settings
Name Description Setting
SSA[31:1] Screen Start Address of LCD Panel—The LCDC See description.
Bits 31-1 begins fetching pixel data for a new frame from the
SSA[31:1] address. SSA bits 0 are fixed at 0. This field
must start at a location that will enable a complete
picture to be stored in a 4 Mbyte memory boundary
(A[21:0]). In other words, A[31:22] has a fixed value for
a picture’s image.
Reserved Reserved This bit is reserved and always reads 0.
Bit 0

10.3.2 LCD Screen Size Register

The LCD screen size register defines the width and height of the LCD screen.

MOTOROLA LCD Controller 10-17
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LSS I?.C'E)Rgcreen Elze'\ﬂeglster 8x?FF)FE0804
BIT BIT
s 14 138 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ XMAX[15:9] ‘ YMAX[8:0]
TYPE w rw w w w rw rw w w rw w rw w w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 10-7. LCD Screen Size Register Settings

Name Description Setting
XMAX[15:9] Screen Width—Screen width in multiples of 8 pixels. XMAX[15:9] See description
Bits 15-9 equals the actual screen size on the X axis divided by 8. For black

and white panel, XMAX[10] is ignored, forcing the screen size on X
to be a multiple of 16 pixels/line.

Note: XMAX[15:9] > 4 for black and white mode; otherwise

XMAX[15:9] > 2.
YMAX[8:0] Screen Height—This register specifies the height of the LCD panel | See description
Bits 8-0 in terms of pixels or lines. The lines are numbered from 1 to YMAX

for a total of YMAX lines.

10.3.3 LCD Virtual Page Width Register
The LCD virtual page width register defines the virtual page width of the LCD panel.

LVPW LCD Virtual Page Width Register Ox(FF)FE0806
?2' 14 13 12 11 10 9 8 7 6 5 4 3 2 1 %gr
‘ ‘ VPWI[9:0] ‘
TYPE w w w w w w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 10-8. LCD Virtual Page Width Register Settings

Name Description Setting
Reserved Reserved These bits are reserved and always read 0.
Bits 15-10
VPW[9:0] | Virtual Page Width—The virtual page width of the See description

Bits 9-0 LCD panel. The VPW[9:0] bits are a count of 16-bit
words required to hold the data for one virtual line.
VPW is used to calculate the starting address
representing the beginning of each displayed line; see
Section 10.3.1, “LCD Screen Start Address Register.”

10-18 MC68SZ328 Reference Manual MOTOROLA
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10.3.4 LCD Panel'Configuration‘Registers0NDUCTOR, INC. 2005
There are two LCD panel configuration registers, LPCONO and LPCON1.

LPCONO LCD Panel Configuration Register 0 Ox(FF)FE0812
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ACDSEL| ACDI6:0] ‘ SCLKSEL | PCD[6:0]
TYPE rw w rw rw w w w rw rw rw w w w w w w
0 00 0 O 0O O0 O 0 0o 0 0 0 0 0 0
RESET
0x0000

Table 10-9. LCD Panel Configuration Register 0 Settings

Name Description Setting
ACDSEL ACD Clock Source Select—This bit selects the clock source 0=FRMis used as clock source
Bit 15 used for the alternate crystal direction count. for ACD count.

1 =LP/HSYNC is used as clock
source for ACD count.

ACD[6:0] Alternate Crystal Direction Control—The ACD signal toggles See description.
Bits 14-8 once every 1to 16 FLM cycles based on the value specified by
the ACD parameter. The actual number of FLM cycles is the
value programmed plus one.

Active Mode (TFT = 1) - Un-used

Passive Mode (TFT = 0).

SCLKSEL SCLK Select—This bit selects whether to enable or disable 0 = Disable OE and SCLK in

Bit 7 SCLK in TFT mode when there is no data output. TFT mode when there is
no data output.

1 = Always enable SCLKin TFT
mode, even when there is
no data output.

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

PCDI[6:0] Pixel Clock Divider—The system clock is divided by N (PCD See description.
Bits 60 plus one) to yield the pixel clock rate. Values of 1-127 will yield
values for N of 2-128. The pixel clock rate and the SCLK rate are
only the same if PBSIZ = 00 (single pixel output bus). The pixel
clock rate is faster than SCLK by a factor equal to the number of
pixels in an output vector. PCD must be greater than or equal to 1
(N = 2) in order to have enough clock edges to generate the
SCLK output. For passive matrix color panels (COLOR = 1,

TFT =0, PBSIZ = 11), PCD must be greater than or equal to 2.

LPCON1 LCD Panel Configuration Register 1 Ox(FF)FE0814
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TFT |coLoR |psizito]| BPPz0] | foi | B | o8 | SSK | 25 | S5 SHARP
TYPE rw rw rw o rw rw rw w rw rw rw rw rw rw
0 0 0 0 0 O 0 0 0 0 0 0 0 0 0
RESET
0x0000
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Tabie 10160 ECD Paneb Configuration Registér 1Séttings 2005

Name Description Setting

TFT Interfaces to TFT Display—TFT controls 0 = The LCD panel is a passive display.

Bit 15 the format and timing of the output control 1 =The LCD panel is an active display: “digital
signals. Active and passive displays use CRT” signal format, FRC is bypassed, LD
different signal timing formats as described bus width is fixed at 16 bits.
in Section 10.2.7, “Panel Interface Signals
and Timing.” TFT also controls the use of the
FRC in color mode.

COLOR Interfaces to Color Display—Used in 0 = The LCD panel is a monochrome display.

Bit 14 passive mode (TFT = 0) to activate three 1 =The LCD panel is a color display.
channels of FRC and to use the special 2
2/3 pixels per output vector format.

PBSIZ[1:0] Panel Bus Width—LCD Panel Bus Size is 00 = 1-bit

Bits 13—-12 applicable for monochrome or passive 01 = 2-bit
matrix color monitors (TFT = 0). 10 = 4-bit

11 = 8-bit
BPP[2:0] Bits Per Pixel—This field indicates the 000 = 1 bpp, FRC bypassed
Bits 11-9 number of bits per pixel in memory. 001 =2 bpp
010 =4 bpp
011 =8 bpp
100 = 12/16 bpp (16 bits of memory used)
101 = reserved
11x = reserved
PIXPOL Pixel Polarity—This bit determines the 0 =LD output same as corresponding memory
Bit 8 polarity of the pixels. image, 1 for high, O for low
1 = LD output is an inversion of corresponding
memory image, 0 for high, 1 for low

FLMPOL First Line Marker Polarity—This bit 0 = Frame marker is active high

Bit 7 determines the polarity of the first line 1 = Frame marker is active low
marker signal. (If the TFT and Sharp panel bit are enable,

0 = Frame Marker active low, and 1 = Frame
Marker active high)

LPPOL Line Pulse Polarity—This bit determines 0 = Line pulse is active high

Bit 6 the polarity of the line pulse signal. 1 = Line pulse is active low

SLCKPOL LCD Shift Clock Polarity—This bit 0 = Active negative edge of SLCLK (in TFT

Bit 4 determines the polarity of the active edge of mode, active on positive edge of SLCLK).
the LCD shift clock. 1 = Active positive edge of SLCLK (in TFT

mode, active on negative edge of
SLCLK).

OEPOL Output Enable Polarity—This bit 0 = Output enable is active high

Bit 5 determines the polarity of the output enable 1 = Output enable is active low
signal

SCLK_IDLE_EN | SCLK Idle Enable—This bit enables or 0 = Disable SCLK when VSYNC is idle in TFT

Bit 3 disables SCLK when VSYNC is idle in TFT mode.
mode. 1 = Enable SCLK when VSYNC is idle in TFT

mode.
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Table 10-F0. HILCD)Ranel EonfiguratioroRégister\_Settirigs (Contindéed)

Name Description Setting
Reserved Reserved These bits are reserved and always read 0.
Bits 2—1
SHARP Sharp Panel Enable—This bit enables or 0 = Disable Sharp HR-TFT 320 x 240 panel
Bit 0 disables signals for Sharp HR-TFT 320 x signals.
240 panels. Please refer to Section 10.3.14, | 1 = Enable Sharp HR-TFT 320 x 240 panel
“PWM Contrast Control Register,” for signals.
additional settings for the Sharp HR-TFT
panel.

10.3.5 LCD Horizontal Configuration Registers
There are two LCD horizontal configuration registers, LHCONO and LHCONI.

LHCONO LCD Horizontal Configuration Register 0 Ox(FF)FE0816
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ HWAIT1[7:0 ‘ HWAIT2[7:0]
TYPE rw rw rw rw 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 0
RESET
0x0000
Table 10-11. LCD Horizontal Configuration Register 0 Settings
Name Description Setting
HWAIT1[7:0] Wait Between OE and HSYNC—The number of pixel clock periods See description
Bits 15-8 between the last LD of each line and the beginning of the HSYNC. It is

equal to (HWAIT1 + 1).

HWAIT2[7:0] Wait Between HSYNC and Start of Next Line—The number of pixel See description
Bits 7-0 clock periods between the end of HSYNC and the beginning of the first
data of next line. It is equal to (HWAIT2 + 1).

LHCON1 LCD Horizontal Configuration Register 1 Ox(FF)FE0818
BIT BIT
s 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ HWIDTHI5:0] ‘
TYPE w w w w w w
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
RESET
0x0400
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Table“10-12. = LCD'Horizontal Configtiration Register-'1-Settings

Name Description Setting
HWAIT[5:0] Horizontal Sync Pulse Width—The number of pixel See description
Bits 15-10 clock periods that HSYNC is activated.
Reserved Reserved These bits are reserved and read 0.
Bits 9-0

10.3.6 LCD Vertical Configuration Registers
There are two LCD vertical configuration registers, LVCONO and LVCONI.

LVCONO LCD Vertical Configuration Register 0 Ox(FF)FEO81A
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ VWAIT1[7:0 ‘ VWAIT2[7:0] ‘
TYPE rw rw rw rw rw rw w 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 10-13. LCD Vertical Configuration Register 0 Settings
Name Description Setting
VWAIT1[7:0] Wait Between Frames 1—In active mode (TFT = 1), this field is the delay | See description
Bits 15-8 between the end of VSYNC and the beginning of OE, measured in lines.
This is one component of the vertical dead time between frames.
In passive mode (TFT = 0), this field is the delay, measured in units of the
virtual clock period (see the definition of PASS_DIV in Table 10-14),
between the last line of the frame to the beginning of the next frame.
VWAIT2[7:0] Wait Between Frames 2—In active (TFT = 1) mode, this field is the delay | See description
Bits 7-0 between the end of VSYNC and the beginning of OE of the first line,
measured in lines.
LVCONI1 LCD Vertical Configuration Register 1 Ox(FF)FE081C
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| VWIDTH(5:0] | ‘ PASS_DIV[7:0] |
TYPE w w w w w rw rw rw rw rw rw rw rw w
0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
RESET
0x0401
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Name Description Setting
VWIDTH[5:0] Vertical Sync Pulse Width—In active (TFT = 1) mode, this See description
Bits 15-10 field is the width of the VSYNC pulse, measured in lines. For
a value of 0001, the vertical sync pulse includes one HSYNC
pulse. For a value of 0002, the vertical sync pulse includes
two HSYNC pulses, and so on.
Reserved Reserved These bits are reserved and
Bits 9-8 read 0.

PASS_DIV[7:0]
Bits 7-0

Passive Clock Divider—In passive (TFT = 0) mode, this
field defines the period of the virtual clock period, which is
used for counting the delay between the last line of the frame
and the beginning of the next frame. If PASS_DIV = 0, there
will be no delay between the last line of the frame to the

beginning of the next frame. The value of VWAIT1 is ignored.

See description

MOTOROLA
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10.3.7 LCD Panning Offset Register SEVICONDUCTOR, INC. 2005

The LCD panning offset register contains the panning offset value.

LPANOFF LCD Panning Offset Register Ox(FF)FEO81E
%E{ 14 13 12 11 10 9 8 7 6 5 4 3 2 1 EgT
‘ ‘ POS[3:0] ‘
TYPE w w w w
o o o o o0 ©o ©0 o ©0 0 o 0 o0 o0 0
RESET
0x0000

Table 10-15. LCD Panning Offset Register Settings

Name Description Setting
Reserved | Reserved These bits are reserved and
Bits 154 should read 0.

POS[3:0] | Panning Offset—The number of pixel clock periods that HSYNC | See description and
Bits 3-0 is activated. The data from memory is panned to the left by the Table 10-16

POS field before processing. To pan the final image by N bits,
POS is read by the LCDC once per frame (similar to double
buffering) at the beginning of the frame.

Table 10-16. Panning Offset Values

Bits per Pixel | POS | Effective Number of Bits Panned on image
1 N N
2 2N N
4 4N N
8 8N N

10.3.8 LCD Cursor X Position Register

The LCD cursor X position (LCXP) register is used to determine the horizontal position of the cursor on
the LCD panel.

LCXP LCD Cursor X Position Register Ox(FF)FE0808
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CC[1:0] ‘ ‘ oP ‘ ‘ CXP[2:0] ‘
TYPE w w w w w w w w w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
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/Tabld|10-17 B LED Cursor'X PositioH-Register SettingsC. 2005

Name Description Setting
CC[1:0] Cursor Control—These bits are used to control the | When OP = 0 and color mode disabled:
Bits 15—14 | format of the cursor and the type of arithmetic 00 = Transparent, cursor is disabled
operations. 01 = Full (black) cursor
10 = Reversed video
11 = Full (white) cursor
When OP = 0 and color mode enabled:
00 = Transparent, cursor is disabled
01 = Full color cursor
10 = Full color cursor with each bit inverted
11 = Bit operation logical AND between
background and cursor
When OP = 1 and color mode enabled:
00 = Transparent, cursor is disabled
01 = OR between background and cursor
10 = XOR between background and cursor
11 = AND between background and cursor
Reserved Reserved This bit is reserved and reads 0.
Bit 13
oP Arithmetic Operation—This bit enables or disables | 0 = Disable arithmetic operation
Bit 12 arithmetic operations between the background and 1 = Enable arithmetic operation between
the cursor. background and cursor
Reserved Reserved These bits are reserved and should read 0.
Bits 11-10
CXP[9:0] Cursor X Position—This field represents the See description
Bits 9-0 cursor’s horizontal starting position, X, in a multiple
of 8-pixel count (a multiple of 16-pixel count in black
and white) from 0 to XMAX.

10.3.9 LCD Cursor Y Position Register

The LCD cursor Y position (LCYP) register is used to determine the vertical position of the cursor on the

LCD panel.
LCYP LCD Cursor Y Position Register Ox(FF)FEO80A
BIT BIT
5 1418 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ CYP[8:0] ‘
TYPE w w w w w w w w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
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/Tabld|10-18 5 LED Cursor'Y- PositioH-Register SettingsC. 2005

Name Description Setting
Reserved | Reserved These bits are reserved and
Bits 159 read 0.

CYP[8:0] | Cursor Y Position—These bits represent the cursor’s vertical See description
Bits 8-0 starting position, Y, in pixel count (from 0 to YMAX).

10.3.10 LCD Cursor Size Register

The LCD cursor size (LCSR) register is used to determine the width and height of the cursor.

LCSR LCD Cursor Size Register Ox(FF)FE080C
BIT BIT
15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
‘ BKEN | | CW[5:0] | ‘ CHI[5:0] ‘
TYPE rw rw rw w rw w rw w w rw w w
0 0 0 0 0 1 0 0 0 0 0 0 0 1
RESET
0x0101
Table 10-19. LCD Cursor Size Register Settings
Name Description Setting
BKEN Blink Enable—This bit determines if the cursor will 0 = Blink is disabled
Bit 15 blink or remain steady. 1 = Blink is enabled
Note: The cursor is disabled if the CW or CH bits
are setto 0.
Reserved Reserved This bit is reserved and reads 0.
Bit 14
CWI[5:0] Cursor Width—These bits specify the width of the See description
Bits 13-8 hardware cursor in pixel count (from 1 to 63).
Note: The cursor is disabled if these bits are setto 0.
Reserved Reserved These bits are reserved and read 0.
Bits 7-6
CH[5:0] Cursor Height—These bits specify the height of the See description
Bits 5-0 hardware cursor in pixel count (from 1 to 63).
Note: The cursor is disabled if these bits are setto 0.
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10.3.11 LCD Blink C6ntrsITRegister= SEMICONDUCTOR, INC. 2005
The LCD blink control register (LBLKC) is used to control how the cursor blinks.

LBLKC LCD Blink Control Register Ox(FF)FEO8OE
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ BD[7:0] ‘
TYPE rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
RESET
0x00FF
Table 10-20. LCD Blink Control Register Settings
Name Description Setting
Reserved | Reserved These bits are reserved
Bits 15-8 and read 0.
BD[7:0] Blink Divisor—A 32 Hz clock from RTC is used to clock the 7-bit up See description
Bits 7-0 counter. When the counter value equals BD, the cursor will toggle on/off.
10.3.12 LCD Color Cursor Mapping Register
The LCD color cursor mapping register defines the color of the cursor in color mode (passive and TFT).
LCUR_COL LCD Color Cursor Mapping Register Ox(FF)FE0810
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ CUR_COL_R[4:0] ‘

CUR_COL._B[5:0] ‘

CUR_COL_G[4:0]

TYPE rw rw rw rw 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 0
RESET
0x0000
Table 10-21. LCD Color Cursor Mapping Register Settings
Name Description Setting

CUR_COL_R[4:0]
Bits 15-11

Cursor Color - Red—Using 16-bit color mapping, this field defines the
red component of the cursor color when it is in color mode (passive and
TFT).

See description

CUR_COL_B[5:0]
Bits 10-5

Cursor Color - Blue—Using 16-bit color mapping, this field defines the
blue component of the cursor color when it is in color mode (passive and
TFT).

See description

CUR_COL_G[4:0]
Bits 4-0

Cursor Color - Green—Using 16-bit color mapping, this field defines the
green component of the cursor color when it is in color mode (passive
and TFT).

See description

MOTOROLA
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LCD Gray'Palette’' Mapping-Register'DUCTOR, INC. 2005

For four-level gray-scale displays, full black and full white are the two predefined display levels. The other
two intermediate gray-scale shading densities can be adjusted in the LCD gray palette mapping register

(LGPMR).
LGPMR LCD Gray Palette Mapping Register Ox(FF)FE0820
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ GP2[3:0] ‘ GP1[3:0] ‘
TYPE rw rw rw rw rw rw rw rw
0 0 0 0 0 0 0 0 1 1 1 0 0 1 1
RESET
0x0073
Table 10-22. LCD Gray Palette Mapping Register Settings
Name Description Setting
Reserved | Reserved These bits are reserved and read 0.
Bits 15-8
GP2[3:0] | Gray-Scale Palette Mapping 2—These bits represent one of | See description
Bits 7-4 the two gray-scale shading densities.
GP1[3:0] | Gray-Scale Palette Mapping 1—These bits represent the See description
Bits 3—-0 other gray-scale shading density.
10.3.14 PWM Contrast Control Register

The pulse-width modulator contrast control register (PWMR) is used to control PWMO signal, which
controls the contrast of the LCD panel.

PWMR PWM Contrast Control Register Ox(FF)FE0822
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ LDMASK | | SCR[1:0] | CCEN | PW[7:0] ‘
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 10-23. PWM Contrast Control Register Settings
Name Description Setting
LDMASK LD Mask—This bit is used to enable or disable the LD 0 = LD[15:0] is normal
Bit 15 output to 0, for the Sharp TFT panel power-off sequence. 1 = LD[15:0] always equals 0
Reserved Reserved These bits are reserved and read 0.
Bits 14-11
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Table 023!V PWNE Cortriast-Control Regyisiér ISettings(E€ohtinued) 5

Name Description Setting
SRC[1:0] Clock Source—These bits select the input clock source 00 = Line pulse
Bits 10-9 for the PWM counter. Therefore, the PWM output 01 = Pixel clock
frequency is equal to the frequency of the input clock 10 = LCD clock
divided by 256. 11 = Reserved
Note: To drive Sharp TFT 320 x 240
HR panel, SRCO is set to 1 and SCR1
is “don’ t care.”
CCEN Contrast Control Enable—This bit enables or disables 0 = Contrast control is off
Bit 8 the contrast control function. 1 = Contrast control is on
PWI[7:0] Pulse Width—This field controls the pulse width of the See description
Bits 7-0 built-in pulse-width modulator, which controls the contrast
of the LCD screen.
Note: To drive a Sharp TFT 320 x 240 HR panel,
PW][7:0] is reset to 0.

10.3.15 Refresh Mode Control Register

The refresh mode control register controls refresh characteristics.

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

RMCR Refresh Mode Control Register Ox(FF)FE0826
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ ROTBUR ‘ ENL ‘ ROT[1:0] ‘ LCDCEN | REFON |
TYPE rw rw rw rw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 10-24. Refresh Mode Control Register Settings
Name Description Setting
Reserved Reserved These bits are reserved and read 0.
Bits 156
ROTBUR Rotation Burst Mode—This bit is used to enable or 0 = Rotation burst mode disabled
Bit 5 disable the burst access on fetching display data from 1 = Rotation burst mode enabled
embedded SRAM. This feature is only active in 16 bpp
rotation modes.
ENL Picture Enlargement Mode—This bit is used to enable 0 = Picture enlargement mode disabled
Bit 4 or disable the picture enlargement mode (x2) in all bpp 1 = Picture enlargement mode enabled
modes.
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Table\10-24|\/ Refresh-MadeCohtrol Register Settings(Continued)) 5

Name Description Setting

ROT[1:0] Picture Rotation (16 bpp TFT color mode)—These bits | 00 = Picture rotation disable (original

Bits 3—2 select the picture rotation orientation. This feature is only 0-degree orientation)

active in 16 bpp TFT color mode. 01 = 90-degree counter-clockwise
orientation

10 = 180-degree counter-clockwise
orientation

11 = 270-degree counter-clockwise
orientation

LCDCEN LCD Controller Enable—This bit enables or disables the | 0 = Disable LCDC

Bit 1 LCD controller. 1 = Enable LCDC
REFON Self-Refresh Mode—This bit enables or disables 0 = Disable self-refresh mode
Bit 0 self-refresh mode. 1 = Enable self-refresh mode
NOTE:
1. Onentering self-refresh mode, the SCLK and LD[7:0] signals stay low. FRM and LP operate
normally.

2. Except for the SSA and color palette mapping register, all configuration data must be set
correctly before the LCDC is enabled to avoid a malfunction.

3. The SSA must always match the address range of the RAM selected. The SSA can be
switched between various types of RAM on the fly.

4. 4. The rotation mode is designed for image data stored on embedded SRAM. When image
data is stored on external RAM, there is a limitation on the screen size supported. The
maximum screen size supported is 160 X 160.

The LCDC must be disabled before changing the rotation attribute.

6. Assume an LCD panel with the same screen size in x and y direction, the following formula
defines the new SSA value after rotation:

Rot[1:0] =01, SSA [31:1] = SSA_orig[31:1] + xmax -1

Rot[1:0] = 10, SSA[31:1] = SSA_orig[31:1] +vpw *(ymax-1) + xmax -1

Rot[1:0] = 11, SSA[31:1] = SSA_orig[31:1] +vpw *(ymax-1)

Xxmax in units of pixel; vpw in units of word

If the screen size is not equal in x and y direction, some area of the screen may become undefined.
7. The LCDC must be disabled before changing the enlargement mode.

The xmax and ymax should be reduced by half before entry to enlargement mode and
restored to normal value before return to normal mode.

10.3.16 LCD DMA Control Register

The LCD DMA control register is a 16 X 16-bit line buffer in the LCDC. It stores DMA-in data from
system memory. The DMA control register controls when triggers occur and stops the DMA burst cycle by
examining the amount of data left in the pixel buffer.
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ARCHIVED B CALE S ICONDUCTOR, INC. 200
LDMACR L'CD DMA Control Register x(FF)FE0824
BIT BIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ DMAEM(3:0] ‘ ‘ DMALM[3:0]
TYPE rw rw rw rw
0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
RESET
0x0404
Table 10-25. LCD DMA Control Register Settings
Name Description Setting
Reserved Reserved These bits are reserved
Bits 15—-12 and read 0.
DMAEM[3:0] | DMA End Mark—This field sets the number of empty locations left in See description
Bits 11-8 the pixel buffer to stop the DMA burst cycle.
Reserved Reserved These bits are reserved
Bits 7-4 and read 0.
DMALM[3:0] | DMA Low Mark—This field sets the number of data left in the pixel See description
Bits 3-0 buffer to trigger a DMA request.

10.3.17 LCD Interrupt Configuration Register

The LCD interrupt configuration register is used to configure LCD interrupt conditions.

LICFR LCD Interrupt Configuration Register Ox(FF)FE0828
BIT BIT
15 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
’ ‘ INTRSYN ’ ‘ INTRCON‘
TYPE rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 10-26. LCD Interrupt Configuration Register Settings
Name Description Setting
Reserved Reserved These bits are reserved and read 0.
Bits 15-3
INTRSYN Interrupt Source—This bit determines if ainterrupt | 0 =The interrupt flag is set on fetching the last
Bit 2 flag is set during last data/first data of frame fetch data/first data of frame from memory.
or on last data/first data of frame output to LCD 1 = The interrupt flag is set on output of last
panel. data/first data of frame to LCD panel.
Reserved Reserved These bits are reserved and read 0.
Bit 1
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Table 10-26C HLCD/InteYraptConfiguration Registep Séttings, (Continied)

Name Description Setting
INTRCON Interrupt Condition—This bit determines if a 0 = The interrupt flag is set when the end of
Bit 0 interrupt is generated at the beginning or the end of frame (EOF) is reached.

frame condition.

Note: For non TFT panel:

1 =The interrupt flag is set when the beginning
of frame (BOF) is reached.

The EOF is defined as the negative edge of LP
pulse for the last line of data. The BOF is defined
as the first pixel of the first line appearing in LD
signal.

For TFT panel:

The EOF is defined as the last pixel of the last line
appearing in LD. The BOF is defined as the
negative edge of the VSYN.

NOTE:

There is a latency between fetching the last/first data of the frame to the
output to the LCD panel. The user should choose according to their system
requirements.

10.3.18 LCD Interrupt Status Register

The LCD interrupt status register indicates interrupt status.

LISR LCD Interrupt Status Register Ox(FF)FE082A
BIT BIT
15 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
| | EoF | BOF |
TYPE r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 10-27. LCD Interrupt Status Register Settings
Name Description Setting
Reserved Reserved These bits are reserved and read 0.
Bits 15 -2
EOF End of Frame—This bit is set when the 0 = No end of frame occurred.
Bit 1 end of frame is reached. It is cleared by 1 = End of frame occurred.
either reading the status register bit or
disabling the LCDC.
BOF Beginning of Frame—This bit is set when | 0 = No beginning of frame occurred.
Bit 0 the beginning of frame is reached. It is 1 = Beginning of frame occurred.
cleared by either reading the status register
bit or disabling the LCDC.
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10.3.19 Mapping‘RANPRedisters

The mapping RAM is used for mapping a 2- or 4-bit gray code to 1 of a maximum of 16 shades and for
mapping a 4- or 8-bit color code to 1 of a maximum of 4096 (512) colors for both passive and active
panels. The color RAM (0xFFFEOAOQO - OxFFFEOBFF) contains 256 entries, and each entry is 12 bits
wide. The RAM can be accessed with word or half-word transactions. Unimplemented bits are read as
zeros. Byte access to the RAM will corrupt its contents.

In 2 (4) bpp gray-scale mode, only the first 4 (16) RAM entries are used. In 4 (8) bpp color mode, the first
16 (256, or all) entries are used. The color RAM is not initialized at reset. With any given panel, only one
of the following settings will be valid.

10.3.19.1 One Bit/Pixel Monochrome Mode

In this mode the mapping RAM is not used, since the LCDC directly uses the display data in memory to
drive the panel.

10.3.19.2 Four Bits/Pixel Gray-Scale Mode

This register maps a 4-bit code into the gray-scale level for a given pixel code. Gray Palette Code is a 4-bit
code that represents the gray-scale level for a given pixel code. The first 16 register locations should be
written to define the codes for all the 16 combinations. Refer to Figure 10-16.

11 10 9 8 7 6 5 4
R 0 0 0 0 0 0 0 0

RST | | |
GPM = Gray Palette Map

Figure 10-16. Gray-Scale Mode

10.3.19.3 Four Bits/Pixel Passive Matrix Color Mode

This register maps a 4-bit code into a 12-bit color. Because only 4 bits are used to encode the color, a
maximum of 16 colors can be selected out of a palette of 4096. The first 16 register locations should be
written to define the codes for all 16 combinations. Refer to Figure 10-17.

11 | 10 | 9 | 8 7 | 6 | 5 | 4 3 | 2 | 1 | 0
R R G B
W (4-bit) (4-bit) (4-bit)
RST [ | [ [ ]

R = Red Component Level
G = Green Component Level
B = Blue Component Level

Figure 10-17. Color Mode for Active or Passive Matrices

10.3.19.4 Eight Bits/Pixel Passive Matrix Color Mode

This register maps an 8-bit code into a 12-bit color. Since 8 bits are used to encode the color, a maximum
of 256 colors can be selected out of a palette of 4096. All 256 consecutive register locations should be
written to define the codes for all 256 combinations. Refer to Figure 10-17.
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This register maps a 4-bit code into a 12-bit color. Since just 4 bits are used to encode the color, a
maximum of 16 colors can be selected out of a palette of 4096. Sixteen consecutive register locations
should be written to define the codes for all sixteen combinations. Refer to Figure 10-17.

10.3.19.6 Eight Bits/Pixel Active Matrix Color Mode

This register maps an 8-bit code into a 9-bit color. Since 8 bits are used to encode the color, a maximum of
256 colors can be selected out of a palette of 512. All 256 register locations should be written to define the
codes for the 256 combinations. Refer to Figure 10-17.

10.3.19.7 Twelve/Sixteen Bits/Pixel Active Matrix Color Mode

In this mode, the mapping RAM is not used, since the LCDC directly uses the display data in memory to
drive the panel.
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Chapter 11
Analog Signal Processor

The analog signal processing (ASP) module of the MC68SZ328 provides support and conversion
capabilities for a variety of analog devices, including analog-to-digital controllers (ADC) for voice
processing and pen input. The ASP also includes embedded circuity to support a touch panel.

11.1 Features
The ASP module features:

A (16-bit resolution, 8-bit accuracy) ADC with 3 inputs for touch panel and low-voltage detect
A (16-bit resolution, 8-bit accuracy) enhanced ADC for voice processing or as a second ADC
A 12x16 FIFO for pen ADC sample data, an 8x16 FIFO for enhanced ADC data

Pen ADC supports auto data sampling at a configured sample rate

Low power management

Embedded touch panel circuitry

Provides falling edge or rising edge pen interrupts to interrupt generator

Provides data ready and FIFO full interrupts to interrupt generator

Significantly reduces software overhead by using hardware solution for pen input application

Pins | MC68SZ328 Switch Control Pen Control Register |
&
Voltage Input Select Logic Sample Rate Register ‘
orTemp [
Detect U v Compare Control Register ‘
Y > Pen
X2 [D>——> X > Slr;?:;t > ADC Pen Sample Register (12x16) ‘
Touch X1 [D>——>| Switch | Y Chnl 1
Panel Y1 [D>—+—>{ Circuit COMP INT
Y2 [D—1—> ¢ e
| > Interrupt M
Generator > PEN_DATA_INT
—> ENHANCED_ADC_INT
{ EADC Control Register ‘
Enhanced ADC EADC Status Register ‘
AIN [ (8 kHz Sample Rate)
(EADCP, EADCN) EADC Register (8x16) \

Figure 11-1. ASP System Block Diagram
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11.2 ASP Opération BY FREESCALE SEMICONDUCTOR, INC. 2005

The ASP system block diagram shown in Figure 11-1 illustrates the operation of the individual modules
that comprise the ASP. The operation of the individual modules is explained in detail in this section.

11.2.1 Switch Circuit

The touch panel switch circuit block, shown in Figure 11-1, contains 8 switches for the four input signals
from the touch panel. The switch circuit toggles the switches on and off in response to input commands
from the switch control and input select logic block. The switch circuit outputs two signals, X and Y, that
are used as inputs to the input select block. The switch circuit also generates an input to the interrupt
generator. The 8 transistor switches that make up the touch panel switch circuit are shown in Figure 11-2.

QvDD O—T—'
SwWi1 SW

3

¢———> TOUCH_INT

SW2 \1 Sw4
> ip to ADC

@ >

> im to ADC
SW5

Read X: SW[8:1] = 1100 0110
Read Y: SW[8:1] = 0011 1001
Idle: SW[8:1] = 0010 0000 \Y4
Auto Zero: SW[8:1] = 0000 0000
Default: SW[8:1] = 0000 0000

T
\ swz
Swe g;ws
Figure 11-2. Touch Panel Switch Circuit

11.2.2 Switch Control and Input Select Logic

This logic block selects the input signal for Pen ADC sampling. It includes a state machine that
automatically generates the proper setting command and selects the target input signal for Pen ADC round
robin sampling among the enabled input signals, when the AUTO bit is set.

11.2.3 Input Select

This block selects the three input signals (X, Y, and U) and outputs to Pen ADC for A/D sampling.

NOTE:
The maximum input voltage of the analog inputis QVDD (1.9 V nominal).

11.2.4 Enhanced ADC

The ASP includes a 16-bit, 8.29 kHz sample rate enhanced ADC which is normally used for voice
processing applications. To minimize software overhead a dedicated ADC FIFO is provided.

11-2 MC68SZ328 Reference Manual MOTOROLA
For More Information On This Product,
Go to: www.freescale.com



g |

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale Semiconductor, Inc. ASP Operation

11.2.5 Interrupt-Geneérator-REESCALE SEMICONDUCTOR, INC. 2005

This block generates four interrupt signals (TOUCH_INT, COMP_INT, PEN_DATA_INT and
ENHANCED_ADC_INT) to an external interrupt handler. The interrupt signals have the following
characteristics:

*  TOUCH_INT is asserted when a pen down is detected.
* COMP_INT is asserted when a pen up is detected.
* PEN_DATA_INT is asserted when the following conditions occur:

— At least one set of valid data is in the Pen Sample FIFO and the PDRE bit of Interrupt Control
Register is set. A set of data is defined by the MOD[1:0] bits.

— The Pen Sample FIFO is full and the PFFE bit of Interrupt Control Register is set.
* ENHANCED_ADC_INT is asserted when the following conditions occur:

— The EADC sample FIFO is full.

— The EADFEFE bit of Interrupt Control Register is set.

V Ru1
QVbD U Signal Uip =
Ru2 Rref VDpD  GND
U Signal Uin -
Rpd Uin Uip RVM RVP
2 1 23 24 19 20
$— USEL
3 JFswi J-sws . = 21l—[> VDD
USEL
USELHL
Fswz JFswa | [YSE B> GND
Pen 20
- Sig-Del
Rp1 PADC_OP
. MIP(+)
PADC_OM
MIM(-)
R
p2 . . ENHANCED
8 SIG-DEL
EADC_OP
9 T;H— SW5 I]l— swz MIP(+) _
——Cd EADC_OM
10 - swe J-sws Al
GND
v RET BG
EADCP —2
EADCN —=%
RE2 13 14 15 16
—E
REF2 REF1
Cp Cn
Rref
Rp1, Rp2, Rv1, Rv2, Ru1, Ru2 = 200KQ
Rref, Rref1 = 40KQ RBGP RBGN
Figure 11-3. Touch Panel Switch Circuits
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Signal Name

Description

U External analog input signal.

X1, X2, Y1, Y2 Touch panel interface signals.

Ain Analog input for enhanced ADC data sampling.
TOUCH_INT Internal touch detect interrupt signal. This signal can be

configured to be a level or an edge detect signal. An external
pull-high resistor should be connected to X1. When the panel
is touched, X1 is pulled low and the TOUCH_INT signal is
generated.

PEN_DATA_INT

Internal pen data interrupt signal. If enabled, asserts when
data is ready, or when pen sample FIFO is full.

ENHANCED_ADC_INT

Internal enhanced ADC interrupt signal. If enabled, asserts
when EADC FIFO full.

COMP_INT Internal pen-up interrupt. If enabled, asserts when pen is up.
Rpd Pen down detect resistor, typical value is 100K ohms.

Cd Noise decoupling capacitor, typical value is 0.01uF.

RE1, RE2 Enhanced ADC input resistor, typical value is 200K ohms.
Cp,Cn Bandgap reference capacitor, typical value is 0.01uF.

11.3 Touch Panel Switching Circuit Operation

The touch panel switching circuitry, shown in Figure 11-3, provides all necessary circuitry to support most

industry standard touch panels.

11.4 Pen ADC Operation

The Pen ADC samples and stores data in the Pen Sample FIFO. The data size is 16-bit with 8-bit accuracy.
If data is not read fast enough, data will overflow and old data will be lost. If overflow occurs, the POV
status bit is set in the Interrupt/Error Status Register.

This A/D channel can sample data at the rate of up to 6.579 kHz. This sampling speed only occurs when
channel U is selected—that is, MODE[1:0] = 11 and ACLK = 8.29 MHz. The Pen ADC samples data and
puts the data in the Pen Sample FIFO when it detects a sample command from the Switch Control and
Input Select Logic block. Table 11-2 on page 11-5 shows the operation modes supported by the Pen ADC

controller.
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Data Format in
AUTO | PADE Mode AZE Pen Sample FIFO Notes

1 1 00 X ADC idle No ADC sampling.
01 0 XY, XY ... Samples pen input only, U input and auto-zero
are disabled.
01 1 AZXx,y,AZX.y.... Samples pen input only, U input is disabled and
auto-zero is enabled.
10 0 x,¥,U,x,y,U... Samples pen input and U input, auto-zero is
disabled.
10 1 AZx,y,UAZxy,U,... Samples pen input and U input, auto-zero is
enabled.
11 X U,u,U... Samples U input only.
X 0 XX X No valid data Pen idle state.
0 1 00 X ADC idle No ADC sampling.
01 0 X Manual mode, makes one sample when PADE is
toggled from 0 to 1 by software.
01 1 Az, X
10 0 y
10 1 az,y
11 X U

When the Pen ADC module is configured for AUTO sampling, the sample operations are carried out
continuously. Therefore, the software can read the samples when a Data Ready Interrupt or an ADC FIFO
Full interrupt occurs. In manual mode, the AUTO bit is cleared and the Pen ADC samples data only once
when the PADE bit is toggled from “0” to “1” by the software. Figure 11-4 shows the sampling timing
when AUTO =1, AZE = 1, and MOD[1:0] = 10.
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BGE
PADE
> {11 €« > {2 <« <— {4 —>
< t3 —>
DataAZ Data X DataY DataU DataAZ DataX DataY DataU
into into into into into into into into
FIFO FIFO FIFO FIFO FIFO FIFO FIFO FIFO

Notes: t1 = Bandgap warm-up time (when bandgap is ready, BGR bit is set).
t2 = Transistor switching and input selecting setup time, controlled by DSCNT.
t3 = Data setup time, controlled by DSCNT and DMCNT.
t4 = Point-to-point capture idle time, controlled by IDLECNT.

Figure 11-4. Pen Input Sampling Timing

The output data rate is calculated using the equations provided in Table 11-3 on page 11-6. In the
equations, DSCNT is the bit for data setup count, IDLECNT is the bit for idle count, and DMCNT is the bit
for decimation ratio count. Section 11.9.2, “Pen A/D Sample Rate Control Register,” fully describes
DSCNT, DMCNT, and IDLECNT.

If the system clock = 16.58 MHz and PADC_CLK]4:0] = 0x01, then ACLK = 8.29 MHz. The ACLK
value can be controlled by PADC_CLK in the ADC clock register. Because the decimation ratio of Filter is
1260, fclk = ACLK/1260. When ACLK = 8.29 MHz, fclk is 6.579 kHz.

NOTE:

The maximum value for the analog clock (ACLK) is 12 MHz. If the value
for ACLK is over 12 MHz, the analog circuit will not work efficiently.

NOTE:

For the X and Y channels, the bit for data setup count, DSCNT, must be at
least 1 to allow the settling time of the touch panel and the MUX.

Table 11-3. Output Data Rate Equations

Mode | AZE Equations for Output Data Rate

(X,¥,X,Y...)
01 0 felk
2% (DSCNT + DMCNT + 1) + IDLECNT (DSCNT>=1)

(az,x,y,az,x,y...)
01 1 fclk B
3% (DSCNT + DMCNT + 1) + IDLECNT (DSCNT>=1)

(xy,uxy,u...)
10 0 felk
3% (DSCNT + DMCNT + 1) + IDLECNT (DSCNT>=1)
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Mode | AZE Equations for Output Data Rate

(az,x,y,u,az,x,y,u...)
10 1 felk
4% (DSCNT + DMCNT + 1) + IDLECNT (DSCNT>=1)

(u,u,u...)
11 X felk
DSCNT + (DMCNT + 1) + IDLECNT (DSCNT>=0)

To illustrate the calculation of the output data rate, a few examples follow:

1. If MODE[1:0] =01 and AZE = 0, channels X and Y are selected and the auto-zero
measurement is disabled. The maximum output data rate for each channel is 1.645 kHz when
DSCNT = 1, DMCNT = 0, and IDLECNT = 0.

NOTE:
To obtain a 200 Hz output data rate when DSCNT=1 and DMCNT=0, set
IDLECNT to 31.

2. If MODE[1:0] = 10 and AZE = 1, all the channels are selected and the auto-zero
measurement is performed. The maximum output data rate for each channel is 0.822 kHz
when DSCNT=1, DMCNT= 0, and IDLECNT = 0.

NOTE:

To obtain a 200Hz output data rate when DSCNT=1 and DMCNT = 7 (the
decimation ratio is set to 2) set IDLECNT to 17.

3. If MODE[1:0] = 11, only the U channel will be selected. The bit for data setup count can
be set to O in this case because there is no need for the settling time of the touch panel and
MUX. The maximum output data rate can be up to 6.579 kHz when DSCNT = 0 and

IDLECNT =0.
NOTE:
To obtain a 200 Hz output data rate when DSCNT=0 and DMCNT=0, set
IDLECNT to 32.

11.5 ASP Pen Up Detection Method

The ASP checks the pen up status after each set of X or Y samples. This is accomplished by using the time
slot of the U-channel sampling to check the status of the touch panel. Use this pen-up detection method in
Auto mode (XYU mode) and the auto-zero (XYU mode).

During the U-channel sampling time slot of X,Y,U auto-mode and AZ,X,Y,U auto-mode, the
configuration of the eight internal switches is changed to SW[8:1] = 0010 0000. This is same as the IDLE
mode switch configuration, and does not affect U-channel sampling.

When the pen is down, px1 is pulled low which results in a “low” state on the TOUCH_INT signal. When
the pen is up, px1 is pulled high, which results in a “high” state on the TOUCH_INT signal. By monitoring
the state of px1 (TOUCH_INT) during the U-sampling time, the pen up status (high or low) can be
obtained and the interrupt can be generated. Because auto mode is continuously sampled (during every
time slot of U-channel sampling) pen up status is generated on the TOUCH_INT signal.

MOTOROLA Analog Signal Processor 11-7
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QVDD

100kohm PUIRQE
P TOUCH_INT
TOUCH_INT
— PUEN
Interrupt |
generator
T U cycle b
Figure 11-5. TOUCH_INT Pen Up Detection Circuit
NOTE:
Both pen touch and pen up interrupts use the TOUCH_INT interrupt

signal.

11.5.1 Discarding Sample Data Before Pen Up Event

There are two potential timing cases for pen up detection which affect the last sampling data before pen-up

interrupt.
1. Pen Up at the beginning of the current U sampling period.
2. Pen Up at the beginning of the next U sampling period.
Figure 11-6 on page 11-9 and Figure 11-7 on page 11-10 shows each of these two cases.
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Pen Tp
| | |
' | | I !
— [ [ I |
| . . . . |
O R it i
data A7 data¥ data ¥V dataU data AZ dataX data ¥ datal
into into  into  into 1nta into  into nta
FIFD FIFO FIFO FIFD FIFO FIFO FIFO  FIFD
t2 =Transistor switclhing and input selecting set up tme controlled by DECHT
t3 = Data setup time, controlled by DECNT and DMCHNT
t4 = Point to point capture idle tme, controlled by IDLECNT
Figure 11-6. Pen Up (Beginning of Current U Sampling Period)
Pen up requires approximately Sms for the px1 pin to be completely pulled up. This time period is longer
than the U-sampling time. Should pen up occur at the beginning of a U-sampling period, the 1 ms time
frame is not long enough for the pen up status to be set.
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t2 = Transistor swatching and input selectmg set up tme controlled by DECHT
t3 = Data setup time, controlled by DSCNT and DMCHT
t4 = Point to point capture idle time, controlled by IDLECHNT

Figure 11-7. Pen Up (Beginning of Next U Sampling Period)
In this case, once the pen is up, the px1 gradually rises to QVDD (this requires approximately 5 ms) and
stays at QVDD until the next pen down. This allows pen up status to be set at the next U-sampling period.

As a result, pen up detection can be done within 2 sets of X,Y,U sampling or AZ,X,Y,U sampling after the
pen is up. To ensure that the X,Y samples are valid, discard the last set of data before the pen up event.

11.6 ASP Auto-Zero Switch Configuration

Manual operation has two modes:
1. AZ,X mode
2. AZ)Y mode

The switch configuration for reading AZ,X, and AZ,Y is controlled by manually setting the ASP Control
Register as follows.

AZ: SW{8:1] = 0000 0000
X: SW[8:1]1=1100 0110
Y: SW[8:1] =0011 1001

Because the operation of AZ,X and AZ,Y modes only allows users to set the switches once before taking
samples, either the AZ, X (or Y) sample is discarded depending on the switch configuration.
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In the AZ, X and AZ, Y\modes([mlantal)Fhe siateh cénfiguvdfion diting TheFAZ)véad48 @dtomatically set

as follows:
SW{8:1] = 0000 0000

Users do not need to manually configure it in the ASP Control Register. Users only need to configure read
X, read Y, or read either settings.

11.7 ASP Auto-Calibration Configuration

An auto-calibration function exists in the AZ,X,Y mode when in auto mode. The switch configuration for
reading the AZ, X, and Y for auto calibration is as follows:

AZ: SW{8:1] = 0000 0000
X: SW[8:1] =1100 1100
Y: SW([8:1]=0011 0011

The sample X,Y value received from auto-calibration will be in the range of the X and Y for that sample.
The value is the maximum value of the sample received from the ADC. The AZ value is the minimum
value received from the ADC. The range of values from the ADC is defined based on the AZ value and the
range values of X and Y.

11.8 Enhanced ADC Operation

The enhanced ADC is used for voice processing or as a second ADC. The controllers operate at 8.29 kHz
when the system clock is 16.58 MHz, ADC_FIR_DEC is 4, and ADC_COMB_DEC is 250.

The EADC samples and stores data to the EADC FIFO. The data size is 16-bit with only 8-bit accuracy.
User reads to this Data register are 16-bit access. If data is not read fast enough, it will overflow and old
data is lost. If overflow occurs, the EOV status bit is set in the Interrupt Status/Error Register.
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11.9.1 ASP Control Register

This register controls the function of Pen ADC and the pen and touch pad interface modules.

ASP_ACNTLCR ASP Control Register OxFFFEO0210
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ‘CLKE‘ ‘SWRST|U_SEL|AZ_SEL‘ ‘ NM ‘ ‘ACE‘
TYPE w w w w w w
o 0 0o 0 o0 1 1 0 0 0 0 0o 1 0 o
RESET
0x0304
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
|AZE‘AUTO‘MOD[1:O]‘SW8‘SW7‘ Swe ‘sws‘ SW4 ‘ sw3 | sw2 | SWi1 ‘ ‘EADE‘PADE‘BGE‘
TYPE w w worw w w w w rw rw w w w w w
o 0 0 0 0 o0 0 0 0 0 0 0 0 0 o0
RESET
0x0000

Table 11-4. ASP Control Register Description

Name Description Setting
Reserved Reserved These bits are reserved and should be
Bits 31-26 set to 0.
CLKE CLKE—For the software configuration for the low power | 0= All clock input into the ASP is gated,
Bit 25 mode ASP will not work except some register
read/write.
1 = ASP work state, clock is enabled.
Reserved Reserved This bit is reserved and should be set
Bits 24-23 to 0.
SWRST Soft Reset—Writing 1 to this bit resets entire ASP 0 = Not reset
Bit 22 module. 1 = Reset
U_SEL U Channel Select—This bit selects the external resistor
Bit 21 used for U-channel measurement.
AZ_SEL AZ_SEL—This bit selects the position of auto-zero
Bit 20 measurement.
Reserved Reserved
Bit 19
NM NM — Leave always set to 1 (default)
Bit 18
Reserved Reserved
Bit 17
11-12 MC68SZ328 Reference Manual MOTOROLA
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Name Description Setting
ACE Auto Calibration Enable—This bit enables /disables 0 = Disable
Bit 16 the auto-calibration in auto-ZXY mode. 1 = Enable
When this bit is set, the switch settings for X/ Y are
changed from C6 / 39, to CC / 33 respectively.
AZE Auto-Zero Enable—This bit enables the auto-zero 0 = Disable
Bit 15 measurement. When this bit is set, the auto-zero 1 = Enable
measurement occurs before every pen input
measurement.
AUTO Auto Sampling—This bit enables the Pen ADC auto 0 = Disable
Bit 14 sampling function. When this bit is set, transistor 1 = Enable
switches are set properly when measuring selected
analog inputs X, Y, or U. After all the selected signals
are sampled, this process repeats when the IDLE
counter reaches zero. The IDLE counter is reloaded
when it reaches zero in AUTO mode.
MOD[1:0] Mode—This field selects the analog input signals for 00 = No input signal selected
Bits 13—12 A/D sampling. See Table 11-2 for more information. 01 = selects X then Y, or only X
depending on AUTO bit
10 = selects X, Y then U, oronly Y
depending on AUTO bit
11 = selects only U
SW8-SW1 Switches—These bits control the transistor switches 0 = Transistor off
Bits 11-4 when the AUTO function is off or when Pen ADC is off of | 1 = Transistor on
the touch panel idle state.
Reserved Reserved This bit is reserved and should be set to
Bit 3 0.
EADE Enhanced A/D Enable—This bit enables or disables 0 = Disable
Bit 2 the Enhanced A/D Controller. When this bit is set, the 1 = Enable
A/D starts sampling and pushes data to the RxD FIFO at
the selected data rate.
PADE Pen ADC Enable—This bit enables or disables Pen 0 = Disable
Bit 1 ADC Controller. This bit should be set after all other 1 = Enable
control bits are set. When this bit is set, the A/D starts
sampling. This bit should be cleared by the software
when the touch penal is in idle state for power
saving—that is, waiting for pen interrupt. When this bit is
cleared, the Pen Sample FIFO is flushed.
BGE Band Gap Enable—This bit enables or disables the 0 = Disable
Bit 0 bandgap. When the bandgap is stable, the BGR bit in 1 = Enable
the interrupt/error status register is set. It is normally
disabled only when system is in sleep mode for power
saving.
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This register controls the sampling rate for touch pen input. Each application may require different pen
input sampling rates. The maximum A/D sampling rate is limited by the A/D design and the input signal
data setup time. The design supports up to 200 Hz update rate for each input signal. The user should set the
optimal data setup time and idle time for maximum power saving.

ASP_PSMPLRG Pen A/D Sample Rate Control Register OxFFFEO0214
BIT 31 30 29 28 27 26 25 24 23 22 219 20 19 18 17 16
TYPE
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
‘ | DMCNT BIT-SELECT IDLECNT DSCNT
TYPE rw w w w w w rw w w w rw rw w w rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 11-5. Pen A/D Sample Rate Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should be set to 0.
Bits 31-15
DMCNT[2:0] Decimation Ratio Count—These bits | 000 = decimation ratio is 1
Bits 14-12 control the decimation ratio of 001 = decimation ratio is 2

second-stage FIR. The input clock to
this counter is FCLK.

111 = decimation ratio is 8

BIT-SELECT[1:0]

Bit Select—This field controls which

00 = selecting 16 bits starting from 1st MSB of FIR

Bits 11-10 bits are selected from the FIR output. output
01 = selecting 16 bits starting from 2nd MSB of FIR
output
10 = selecting 16 bits starting from 3rd MSB of FIR
output
11 = selecting 16 bits starting from 4th MSB of FIR
output
IDLECNT[5:0] Idle Count—These bits control the $00 = 0 clock
Bits 94 number of clocks between the last $01 = clock
capture and the first capture of two
pen input points. Input clock to this $3F = 63 clocks
counter is FCLK.
DSCNT[3:0] Data Setup Count—This field 0000 = 0 clock
Bits 3-0 controls the input signal data set up 0000 = 1 clocks
time after the transistor switching
circuit and input select are settled. 1111 = 15 clocks
Input clock to this counter is FCLK.
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11.9.3 Compare:ControERegister:.E SEMICONDUCTOR, INC. 2005

This register is used to detect the out-of-range samples of the selected input. A typical application of this
function is using it as an alarm function when the external input is beyond a specific range.

ASPCMPCNTL Compare Control Register OxFFFE0230
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ | INT ‘ cc ‘ INSEL[1:0] ‘
TYPE woorw rw
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
COMPARE VALUE
TYPE worworw rw rw rw w rw rw rw w rw woorw rw rw
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
Table 11-6. Compare Control Register Description
Name Description Setting
Reserved Reserved. These bits are reserved and should
Bits 31-20 be set to 0.
INT Interrupt—This interrupt status bit is set | $0 = No trigger event is detected
Bit 19 when a trigger event is detected. This $1 = A trigger event is detected
bit, as well as the interrupt, clears when
the software writes a “1” to it.
CcC Compare Control—This bit controls the | 0 = Trigger when compare value is
Bit 18 compare operation. greater than sample
1 - Trigger when sample is greater
than compare value
INSEL[1:0] Input Select—The Input Select field 00 = No compare, Interrupt disabled
Bits 17-16 selects the input samples for the 01 = Channel X
compare operation. 10 = Channel Y
11 = Channel U
COMPARE VALUE[15:0] Compare Value—This field contains the | See description
Bits 15-0 value to compare with the select sample.
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11.9.4 Interrupt-Contro FRE&Gister ALE SEMICONDUCTOR, INC. 2005

The Interrupt Control Register enables and controls each interrupt function. These interrupts are grouped
into three outputs to the system interrupt controller, TOUCH_INT, PEN_DATA_INT, and

VOICE_ADC_INT.

ASP_ICNTLR Interrupt Control Register OxFFFE0218
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE
0 0O 0 0O O o0 o 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
BIT EADMAE ‘ POL ‘ EDGE | PIRQE ‘ PUIRQE ‘ EADFFE ‘ PFFE ‘ PDRE ‘
TYPE rw rw rw rw rw rw rw w
0 0O 0 0 0O o0 O 0 0 0 0 0 0 0 0
RESET
0x0000
Table 11-7. Interrupt Control Register Description
Name Description Setting
Reserved Reserved These bits are reserved and should
Bits 31-8 be set to 0.
EADMAE EADC DMA Enable—This bit enables or disables the EADC | 0 = Disable
Bit 7 FIFO-FULL DMA request. 1 = Enable
POL Pen Interrupt Polarity—This bit selects the polarity of 0 = Active low, or falling edge
Bit 6 TOUCH_INT input signal for interrupt trigger. 1 = Active high, or rising edge
EDGE EDGE Enable—This bit selects edge or level trigger on 0 = Level
Bit 5 TOUCH_INT input signal. 1 = Edge
PIRQE Pen Interrupt Enable—This bit enables or disables 0 = Disable
Bit 4 generating pen interrupt signal, TOUCH_INT. 1 = Enable
PUIRQE Pen Up Interrupt Enable—This bit enables /disables 0 = Disable
Bit 3 generating pen-up interrupt signal 1 = Enable
EADFFE EADC FIFO Full Enable—This bit enables or disables 0 = Disable
Bit 2 EADC FIFO Full interrupt. 1 = Enable
PFFE Pen FIFO Full Interrupt Enable—This bit enables or 0 = Disable
Bit 1 disables pen sample FIFO full interrupt. 1 = Enable
PDRE Pen Data Ready Interrupt Enable—This bit enables or 0 = Disable
Bit 0 disables pen sample ready interrupt. 1 = Enable
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11.9.5 Interrupt/Error Statas/Register=VICONDUCTOR, INC. 2005

The Interrupt/Error Status Register shows the source of interrupts when there is an interrupt event. Each
interrupt status bit in this register can be cleared by either writing a 1 to it or reading/writing to the
associated data register, depending on the nature of interrupt.

ASP_ISTATR Interrupt/Error Status Register OxFFFE021C
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE
0 0O 0 O O o0 O 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 0
BGR |EOV| POV | PEN |PUEN| EADFF | PFF | PDR |
TYPE rw w rw rw rw rw rw w
0 0 0O 0 O O o0 o 0 0 0 0 0 0 0 0
RESET
0x0000
Table 11-8. Interrupt/Error Status Register Description
Name Description Settings
Reserved Reserved. These bits are reserved and should
Bits 31-8 be set to 0.
BGR Bandgap Ready—This status bit shows if the bandgap is 0 = Bandgap is not ready
Bit 7 ready. All the analog circuits will work only after the 1 = Bandgap is ready
bandgap voltage reference is ready.
EOV Enhanced ADC Sample Overflow—This status bit shows | 0 = No overflow
Bit 6 if there has been Enhanced ADC sample data overflow in 1 = FIFO has been overflow
the Enhanced ADC RxD FIFO. It does not generate an
interrupt on overflow. It is recommended that the software
clears this bit at the beginning of Enhanced ADC sampling
and check for an error at the end sampling process. This bit
is cleared by writing a 1 to it.
POV Pen Overflow—This status bit shows if there has been 0 = No overflow
Bit 5 pen sample data overflow in the Pen Sample FIFO. It will 1 = FIFO has been overflow
not generate interrupt on overflow. It is recommended that
software will clear this bit at the beginning of pen capture
and check for error at the end of a stroke. This Bit is clear
by writing a 1 to it.
PEN Pen Interrupt—When this bit is set, there is a pen touch 0 = No PEN interrupt is pending
Bit 4 interrupt pending. Writing a 1 to this bit clears pen interrupt. | 1 = PEN interrupt is pending
PUEN Pen Up Interrupt Status—When this bit is set, there is a 0 = No PEN UP interrupt is pending
Bit 3 pen up interrupt pending. Writing 1 to this bit clears the pen | 1 = PEN UP interrupt is pending
up interrupt.
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TableA®-8H Imierrapt/Efror-Statas Registe Description (Continugd) 5

Name Description Settings
EADFF EADC FIFO Full—When this bit is set, it shows that the 0 = RxD FIFO is not full
Bit 2 EADC FIFO is full. Reading the data in EADC Register 1 =RxD FIFO is full
automatically clears this bit.
PFF Pen Sample FIFO Full—When this bit is set, it shows that | 0 = Pen sample FIFO is not full
Bit 1 the pen sample FIFO is full. Reading the data in the Pen 1 = Pen sample FIFO is full
sample register clears this bit automatically.
PDR Pen Data Ready—When this bit is set, at least one set of 0 = No valid data in Pen Sample FIFO
Bit 0 pen data in the pen sample FIFO is ready. Reading the 1 = At least one set of valid data in the

data in the pen sample register clears this bit automatically.
A data set is defined by the MOD bits in the control register.

Pen sample FIFO

11.9.6 ASP FIFO Pointer Register

This register indicates the FIFO read/write level.

ASP_FIFO_PTR

ASP FIFO Pointer Register

OxFFFE0236

BIT 31 30 29 28 27 26 25 24 23222120 19 18 17 16
en_adc_fifo_write_ | en_adc_fifo_read_ .
pointer [2:0] pointer [2:0] en_adc_coef_waddr{6:1]
TYPE r r r r r r ror r r r r
0 0 0 0 0 0 0 0O 00 O 0O O 0 0 0
RESET
0x0000
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pen_fifo_read_ | pen_fifo_write_pointer
en_adc_coef_waddr [0] pointer[3:0] [3:0]
TYPE r r r r r r r r r
0 0 0 0 0 0 0 0 0 0 0O O O 0 0 0
RESET
0x0000
Table 11-9. ASP FIFO Pointer Register Description
Name Description Settings
Reserved Reserved This bit is reserved and
Bit 31 should be set to 0.

Bits 30—28

EN_ADC_FIFO_WRITE_POINTER[2:0]

ADC FIFO

EN_ADC_FIFO_WRITE_POINTER—
Holds the write pointer of enhanced

EN_ADC_FIFO_READ_POINTER[2:0]

EN_ADC_FIFO_READ_POINTER—H

Bits 27-25 olds the read pointer of enhanced ADC
FIFO
Reserved Reserved These bits are reserved
Bits 24-22 and should be set to 0.
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AFRTable/ 1295 YASR [FIFOCPdinter Regisier DescriptionN C. 2005

Name

Description

Settings

EN_ADC_COEF_WADDRI[6:0]

EN_ADC_COEF_WADDR—Holds the

Bits 21-15 write pointer of VADC coefficient RAM.
Reserved Reserved These bits are reserved
Bits 14-8 and should be set to 0.

PADC_FIFO_READ_POINTERJ[3:0]

PADC_FIFO_READ_POINTER—Hold

Bits 7—4 s the write pointer of PADC FIFO
PADC_FIFO_WRITE_POINTER][3:0] PADC_FIFO_WRITE_POINTER—Hol
Bits 3-0 ds the write pointer of PADC FIFO

11.9.7 Pen Sample FIFO Register

This 12x16 FIFO Pen Sample register holds the sample data after Pen ADC sampling. The data structure is
controlled by the MOD[1:0] bits of control register.

ASP_PADFIFO Pen Sample FIFO Register O0xFFFE0200
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE
0 0 0o 0 0 0O O 0 0 0 O 0 0 0 0
RESET
0x0000
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SAMPLE
TYPE r r r r r r r r r r r r r r r r
0 0 0 0o 0 0 0O O 0 0 0 © 0 0 0 0
RESET
0x0000
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11.9.8 Enhanced“ADC Register

This 8x16 FIFO Register stores input data sampled by the enhanced ADC at the assigned sample rate.

Freescale Semiconductor, Inc.

ASP_EADFIFO Enhanced ADC Register OxFFFEO0204
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE

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 0
SAMPLE
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

11.9.9 Enhanced ADC Control Register

This register controls the decimation ratio and gain of both the comb filter and the FIR filter in ADC.

ASP_EADGAIN Enhanced ADC Control Register OxFFFE0220
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE

0 0 0O 0 0 o 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 0
‘ ‘ ADC_FIR_GAIN ADC_FIR_DEC ADC_COMB_GAIN ADC_COMB_DEC
TYPE W rw rw rw rw rw rw W rw rw rw rw rw rw
0 0 0 0O 0 0 o 0 0 0 0 0 0 0 0 0
RESET
0x0000

Table 11-10. Enhanced ADC Control Register Description

Name Description Setting
Reserved Reserved. These bits are reserved and should be
Bits 31—-14 setto 0.
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Table 1A410.H Efthanc&drADC-Céntrok Register Description(Continied)

Name Description Setting
ADC_FIR_GA | ADC Filter Gain—This field controls the gain of the 00 = selecting 16 bits from 1st MSB of
IN[4:0] FIR filter. the output of FIR filter
Bits 13-9 01 = selecting 16 bits from 2nd MSB of
the output of FIR filter
1F = selecting 16 bits from 32nd MSB of
the output of FIR filter
ADC_FIR_DE | Decimation Ratio for FIR Filters—This field controls | 00 = decimation ratio is 1
C[1:0] the decimation ratio of the FIR filter. 01 = decimation ratio is 2
Bits 8-7 10 = decimation ratio is 3
11 = decimation ratio is 4
ADC_COMB_ | ADC Comb Filter Gain—This field controls the gain of | 00 = selecting 16 bits from 1st MSB of
GAIN[4:0] the comb filter. the output of comb filter
Bits 62 01 = selecting 16 bits from 2nd MSB of
the output of comb filter
1F = selecting 16 bits from 32nd MSB of
the output of comb filter
ADC_COMB_ | Decimation Ratio For Comb Filters—These bits 00 = decimation ratio is 375
DECI[1:0] control the decimation ratio of the comb filter. 01 = decimation ratio is 125
Bits 1-0 10 = decimation ratio is 250

11 = decimation ratio is 375

11.9.10 Clock Divide Register

This register is used to control the divider ratio to generate the clock from the system clock for pen ADC
and enhanced ADC.

ASP_CLKDIVO

BIT

TYPE

RESET

BIT

TYPE

RESET

MOTOROLA

Clock Divide Register OxFFFE022C

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

0 0 0o 0 0o 0O 0 O 0 0 O 0 0 0 0
0x0000

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

EADC_CLK PADC_CLK

rw 'w 'w 'w rw rw rw 'w rw w

0 0 0 0o 0 0o 0O 0 O O 0 O 0 0 0 0
0x0000
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ARCraple P1591.F Cloek Divide Register Desetipfion INC. 2005

Name Description Setting
Reserved Reserved These bits are reserved and should be
Bits 31—-10 set to 0.

EADC_CLK[4:0]
Bits 9-5

EADC Clock—This field selects the divide ratio
used to generate the clock used in the enhanced

ADC.

00 = clock disabled
01 = divide ratio is 2

1F = divide ratio is 32

PADC_CLK[4:0]
Bits 4-0

Pen ADC Clock—This field selects the divide
ratio to generate the clock for use in the pen ADC.

00 = clock disabled
01 = divide ratio is 2

1F = divide ratio is 32

11.9.11 Enhanced ADC FIR Coefficients RAM Register
This 128x16 RAM stores the FIR coefficients used in the enhanced ADC.

Enhanced ADC FIR Coefficients

ASP_EADCOEF . OxFFFE020C
RAM Register
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TYPE
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 0
COEFFICIENTS
TYPE w rw w W rw  rw rw rw rw rw rw o rw w rw w w
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000
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Chapter 12
General-Purpose Timers

The MC68SZ328 contains two identical general-purpose (GP) 16-bit timers with programmable
prescalers, 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 the leading or trailing edges of an input pulse.
The timer also can generate an interrupt when the timer reaches a programmed value. Each timer has an
8-bit prescaler providing a programmable clock frequency derived from SYSCLK.

Figure 12-1 is the general purpose timer block diagram.

SYSCLK Comparet >
Prescaler1 > Counter1 (I)_lcj)tpigt —> TIMER1IRQ
CLK32 > + g
TIN Capture1 >
Edge
TOUT/TIN > Detgct System Control
T[1:0]