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Master Selection Guide

Where We Stand. . .

Total Customer Success

Service, speed and facility of response, product quality and
reliability are the goals to which we are dedicated. Our
commitment to progress such as Six Sigma performance and
Cycle Time Reduction are symbolic of a culture in which Total
Customer Success is, overwhelmingly, our primary objective.

In today’s highly competitive market, selecting the most
effective semiconductor components for a given application
poses a significant challenge. The range of available functions
and the sheer number of components within each unique
product line is staggering. Add to this the number of vendors
capable of satisfying a portion of the overall system demands
and the selection of a cost—effective component complement
can be as time consuming as the design of the system itself.

This is where Motorola occupies a unique position among
semiconductor manufacturers — one that can significantly shorten
the product selection cycle. Please consider these facts:

As a manufacturer of semiconductors since the very
beginning of the technology, Motorola has emerged as a
leading supplier of such components to the world market.

Motorola’s product line is the broadest in the industry,
capable of filling 75-80% of the many applications for
semiconductor devices.

In each of its various product categories, Motorola is a
recognized leader, with leading edge products as well as
commodity products for mass applications.

Motorola’s vast network of sales offices and distributors,
augmented by manufacturing centers throughoutthe world,
not only ensures easy communications, cost-—effective
pricing and rapid service, but guarantees a continuing
stream of state—of-the—art products based on world-wide
experience and demand.

How To Use This Guide. ..

This Selection guide is arranged to provide three-way
assistance to engineers and technicians in making a
first~order selection of components best suited for a specific
circuit or system design.

If you have a device number that needs identification or
if you want to know if Motorola manufactures a particular
device type:

1. Turn to the Device Index for a complete listing of Motorola
products, and the page numbers where more detailed
information is given for these products.

If you have a device name or acronym and wish to know
if Motorola makes such a device:

2. Look for it in the Subject Index.

If you want an overview of Motorola products for a
specific product category:

3. Refer to the quick—reference product line guide located at
the front of this publication or use the table of contents
located at the front of each section.

Telephone Assistance, North America Only

For literature requests or general product information, call
toli~free any weekday, 8:00 a.m. to 4:00 p.m., MST.

To order technical literature by specific document title, i.e.,
SGXX/D or DLXXX/D, or by part number only, call

1-800-441-2447

Non-North American Locations
Please contact your local Motorola Sales Office or
Authorized Distributor.
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Advanced Digital Consumer Products

In Brief ...

Motorola supports strategic programs and co—development
partnerships to accelerate the availability of advanced digital
consumer products.

Advanced Digital Consumer Division (ADCD)
New Market Focus .................. ... ... ... 1.1-1
MPC821/MPC823 RISC Microprocessors and
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Advanced Digital Consumer Division (ADCD)
New Market Focus

The Advanced Digital Consumer
Division blends expertise in embedded
cores, DSPs, memories and custom
silicon to achieve cost effective design
solutions for the exploding digital
multimedia markets.

Standard ASIC and Digital Camera Products

The ADC Division champions standard cell methodologies and
libraries to provide a technology base for use across the
Communications and Advanced Consumer Technologies Group
(CACTG). The ADC Division is taking the lead role in the area of
systems integration. Mixed (analog + digital) signal system integration
is ideally suited to ‘camera-on-a-chip’ concepts for the digital camera
market.

Audio/Video Systems
Focusedtoprovide leadership productsinmultimediamarkets, suchas
Set-Top Box (STB) converters, Advanced TV, and Digital Versatile Disk
(DVD).

Set-Top Box Converters

One application of digital set-top boxes is in digital cable TV
distribution networks. These systems expand the number of available
channels while delivering high quality digital video and audio via cable
to the home.

Cable operators are also offering high-speed data services for
computer to computer communications. These modems make it
possible for ordinary PCs to access the Internet at Ethernet speeds
(10 Mbit/second) or higher.

Personal Systems

Personal Systems develops integrated microprocessors based on
Motorola’s68K(M68328)andEmbedded PowerPC™(MPC821/MPC823)
architectures for digital consumer products such as PDAs, Portable
Clients, Smart Phones, Digital Cameras, and Web Appliances.

These highly integrated microprocessors include the peripherals
most commonly required for these markets, such as LCD controller,
serial interfaces, USB, IrDA, PCMCIA, etc. They provide solutions for
systems requiring low cost, low power, and high performance using
PowerPC™ and Embedded DSP to provide over 100 MIPS. By
incorporating industry standard architectures these processors are
backed by superior development tools and OS support. Some
examples include Microware (OS-9), Microsoft (WindowsCE —
821/823 only), ISI (pSOS), WindRiver (VxWorks), Diab, SDS,
Metrowerks, HP, Applied, and others. Personal Systems also provides
reference designs for HandHeld PC, Digital Cameras and Web
Appliances to shorten new product development time.
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Display Systems

Products that provide best-in—class display system (flat panel and
monitor) solutions for high growth, high volume communication and
consumer electronic products. LCD Drivers for applications ranging
from pager and cellular telephone displays to mid-range drivers for
electronic translators, games, etc., to large LCD drivers for computer
VGA displays.

CAD Support

Focused on developing next generation Cell-based libraries for
delivery within the UDS design system.

Unified Design System (UDS 1.0 ASIC) -

Now Available

The consumer marketplace is driven by low cost, high
performance, and short development schedules. The UDS system
rapidly takes a design from the system level to physical
implementation, allowing designers more time to focus on system
level design trade-offs and IC performance.

Now available to Sun, Solaris, and HP platform ASIC gate array
customers. This CAD system is based upon the Open Architecture
CAD System (OACS) and includes new graphical interfaces, silicon
technology features, and enhancements to OACS tools.

Scorpion Chip (MC92100)

Prototypes available — June '97

The MC92100 is a graphics display generator and digital video
encoder for analog and digital video systems. The chip provides a
highly integrated solution for Intelligent TV (iTV), Set-Top Box (STB),
and Digital Versatile Disk (DVD) applications. The Scorpion chip
support team offers customers the design talents of Motorola’s
Phoenix Technology Center combined with the silicon integration
skills of the ADC Division.

Low Cost Plastic Ball Grid Array

(LCPBGA) Packages — Now Available

The ADC Division is offering a new BGA family designed to match
the cost of plastic QFP packages in the 100 - 200 lead range. The low
cost BGA family presently includes packages with 100, 144, and 196

leads. The family employs a 1.0 mm solderball pitch which provides
a very small, thin, and light package ideal for consumer products.
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MPC821/MPC823 RISC Microprocessors and the
MC68328 DragonBall™ Integrated Processor

The enhanced architecture of PowerPC™ microproces-
sors, created to drive the most powerful personal computers
in the world, is now changing the world of embedded proces-
sing. It's the optimum solution any time:

« system performance is a principal goal,

¢ you need a range of software—compatible solutions that
match your product’s performance levels,

¢ you need a full computer architecture, or

o your product’s software is closely related to PC software

technology.
All embedded PowerPC™ microprocessors benefit— both
technologically and economically — from their desktop

heritage. Cutting—edge technologies are shared with desktop
versions, from integral FPUs to the use of sub-half-micron
process. And economies of scale make them more
cost—effective than other RISC architectures.

MPC821 RISC Microprocessor

Embedded PowerPC™ Core provides 66 MIPS (using
Dhrystone 2.1) or 115K Dhrystones 2.1 at 50 MHz and
33 MIPS (using Dhrystone 2.1) or 58K Dhrystones 2.1 at
25 MHz

Data Bus Dynamic Bus Sizing for 8-, 16—, and 32-Bit
Busses

Completely Static Design (0-50 MHz Operation)

Four Baud Rate Generators

Two Serial Communication Controllers (SCC)

Two Serial Management Channels (SMCs)

One Serial Peripheral Interface (SPI)

One Interprocessor—Integrated Circuit (1(2)C) Port
Time-Slot Assigner

Parallel Interface Port

General-Purpose Timers

Memory Controlier (Eight Banks)

System Interface Unit (SIU)

LCD Interface Controller

PCMCIA Controller

Low—Power Support

Debug Interface

3.3 V Operation with TTL Compatibility on 1/0 Pins

L]
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MPC823 RISC Microprocessor

Embedded PowerPC™ Core provides 66 MIPS {using
Dhrystone 2.1) or 115K Dhrystones 2.1 at 50 MHz and
33 MIPS (using Dhrystone 2.1) or 58K Dhrystones 2.1 at
25 MHz

Data Bus Dynamic Bus Sizing for 8-, 16—, and 32-Bit
Busses

Completely Static Design (0-50 MHz Operation)

Two Baud Rate Generators

One Serial Communication Controller (SCC)

Two Serial Management Channels (SMCs)

One Serial Peripheral Interface (SPI)

One Interprocessor—Integrated Circuit (1(2)C) Port
Time-Slot Assigner

General-Purpose Timers

Memory Controller (Eight Banks)

System Interface Unit (SIU)

LCD Interface Controller

PCMCIA Controller

Low—Power Support

Debug Interface

3.3 V Operation with TTL Compatibility on 1/O Pins
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MC68328 DragonBall™ Integrated
Processor

Static 68EC000 Core
PCMCIA Support

LCD Controller

Real Time Clock

Pulse Width Modulator
Serial Peripheral Interface
UART

Two 16-bit Timer/Counters
16 Chip Selects

System Integration

Low Power Consumption
24 Address Lines, 16 Data Lines
2.7 MIPS @ 16 MHz
Available in 16 MHz
Available in 3.3V

® 9 © © o o © o 0 o ©°o © 0 o o

Advanced Digital Consumer Products

1.1-2

Motorola Master Selection Guide



LCD Driver Product Summary

Application Display Size
Part Number Description System Examples Examples Package
Segmented LCD Driver for Low MUX Application
MC14LC5003 | 4 MUX, total 128 Segments, Serial In Low MUX, Fax Machines, Pager, 32x4 QFP,
MC14LC5004 | 4 MUX, total 128 Segments, IIC General MCU Digital Meter, Home Bare die
Appliances
DragonKat™ Series LCD Driver Kits with MC68HCO5L10/L11
MC141511A DragonKat 1+ Slave Driver, DragonKat 1+ Databank, Pager, 128 x 32/41, TAB,
32/41 MUX, 128 Segments MC68HCO5L10 Organizer, Games 256 x 32/41 Bare die
MC141512 DragonKat 2 Backplane Driver, DragonKat 2 Transistor, Dictionary, 160 x 80, TAB
146 MUX, 80 Backplanes MC68HCO5L11 Pen—based Organizer, 320 x 146,
MC141514 DragonKat 2 Segment Driver, Low Cost PDA 320 x 160
146 MUX, 160 Segments
MC141515 DragonKat 2 Backplane Driver,
146 MUX, 160 Backplanes
MC141519 DragonKat 2 Segment Driver,
80 MUX, 160 Segments
MC141516 64 MUX LCD Backplane Driver, DragonKat 2 Pager, Games, 80 x 64, TQFP,
64 Backplane Outputs MC68HCO5L11, Dictionary 160 x 64, Bare die
MC141518 64 MUX LCD Segment Driver, other MCU with 240 x 64
80 Segment Outputs SPI
TFT LCD Driver Accepts RGB Signal Inputs
MC141522 TFT-LCD Gate (Row) Driver, Active LCD Portable TV, Projector 480 x 240, TAB
120 Row Outputs 720 x 480
MC141524 TFT-LCD Source (Column) Driver,
120 Column Outputs
MC14158X Series LCD Driver with Commons, Segments, Annunciators “Alf In One” Chip
MC141531 17 Com, 120 Seg, 3 Annunciators General MCU, Mobile Communication 120x 17 TAB,
MC141532 33 Com, 120 Seg, 4 Annunciators 6800, 68K Devices, Pager, Cellular, | 120 x 33 Bare die,
MC141533 33 Com, 120 Seg, 4 Annun, Split Com | (Parallel Interface) | PHS 120 x 33 Au bump die
MC141535 17 Com, 161 Seg, 4 Annunciators 161 x17
MC141537 16 Com, 120 Seg, 3 Annunciators 120x 16
MC141539 32 Com, 120 Seg, 4 Annunciators 120 x 32
300 MUX L.CD Driver without Display DRAM
MC141562 LCD Common Driver, 100 Com o/p DragonBali™ PDA, Palm—top, 320 x 200, TAB,
MC141563 LCD Segment Driver, 80 Seg o/p MC68328, Sub-notebook 320 x 240, Au bump die
General MCU 640 x 200
with LCD
Controller
MC14180X Series LCD Driver for Cellular Phone/PHS Applications
MC141800A | 65 Common, 12B Segment o/p General MCU, Cellular Phone, PHS 128 x 65, TAB,
6800, 68K (lIC, Large Display Pager 128 x 64 plus Au bump die
Parallel Interface) 128 Icons
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Monitor On Screen Display (MOSD)

Motorola’s MOSD family includes ES(EMOSD & SMOSD)
and AG(AMOSD2 & GMOSD) pin—-compatible series which
provide easy—to—use, sophisticated hardware to generate on
screen display function for Monitor, LCD, TV and Display Sys-
tems. In ES series, either 128/256 number of font’s device can
be chosen and 8 real time programmable RAM are equipped
for flexible icon design for different OEM models. For AG
series, besides 128/256 font option, both devices provide a

SVGA resolution display with maximum dot clock at 92.2MHz.
The two series offer DAC integration, programmable display
resolutions and user—friendly display attribute controls. Users
can freely choose Motorola MOSD devices to fulfill their full
application spectrum: from low—end to high—end, from cost-
sensitive to feature—oriented. In addition, custom mask ROM
is welcome for tailor—made model design. Details of the MOSD
devices can be found in the following section.

EMOSD Enhance SMOSD Super AMOSD2 Advance GMOSD Graphic
MC141541 MC141548/9 MC141546/7 MC141542/5
Display Area 10R x 24C 15R x 30C 15R x 30C 15R x 30C
Color 8 8 8 8
Intensity High High/Low High/Low High/Low
Windows 3 4 4 4
No. of Font 128 256 128 256
ROM 120 248 128 288
Mask ROM Yes Yes Yes Yes
RAM 8 8 0 0
Font Matrix 10x 16 10x 16 12x18 12x18
Resolution EGA VGA SVGA SVGA
Max. Dot Clk. 52.8 MHz 76.8 MHz 92.2 MHz 92.2 MHz
Max Freq. 110 KHz 120 KHz 120 KHz 120 KHz
DAC Integration 0 12 12 12
16 DIP, 0 DAC MC141541P MC141549P MC141547P MC141545P
24 DIP, 8 DAC N.A. MC141548P MC141546P MC141542P
28 SOIC, 12 DAC N.A. Custom Custom Custom
Special Display Feature | — Double Height EMOSD Plus — Double Height AMOSD2 Plus
— Double Width — Windows Shadow — Double Width — 16 Multi—color Font
— Shadowing — Blinking — Shadowing — 7 Color Background
— Bordering — Fade-In/Fade-Out — Bordering — Windows Shadow
— Automatic Height — Automatic Height — Blinking
— lcon Intensity — Spacing Control — Fade-In/Fade-Out
— Windows Intensity — Windows Intensity — Automatic Height
— Icon Intensity
Data Sheet MC141541/D MC141548/D MC141546/D MC141542/D
Evaluation MC141541EVK MC141548EVK MC141546EVK MC141542EVK
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Scorpion Graphics

Processor (MC92100)

Graphics Display Generator,
SRAM Controller, and Digital Video
Encoder - on a single chip

Scorpion is a graphic display generator and NTSC/PAL
digital video encoder for analog and digital video systems
including DVD, STB, and Internet TV applications. The
display architecture has been designed to provide a
high-quality television-oriented graphics overlay. The
graphics overlay matches the resolution and color depth of
the NTSC/PAL baseband video and optimizes memory
usage. Scorpion can provide generation of true color
graphics, mixing of video and graphics in 1.6% steps (64
differentlevels), and control and display on fourimage layers.
Scorpion is controlled by high-level language instructions
from a host processor (PowerPC™ or Coldfire™).

The digital video encoder accepts a CCIR-656 data
stream with embedded synchronization codes or it may be
genlocked with a television horizontal flyback and vertical
synchronization signal. Scorpion supports both a composite
and separate luma and chroma output (S-VHS) analog video
generation, or composite and RGB. It also includes
Macrovision™ generation of copy protection and a closed
caption inserter for line 21.

Preliminary
Informeatiomn

Specifications and information
herein are subject to change
without notice.

MC92100 Features

» Graphics controller compatible with high-level languages

e Microware OS9000 (for PowerPC) MAUI dedicated
software driver available

* Host processor interface for PowerPC and Coldfire

o True color graphics generator at VGA density with video/

graphics mixing in 1.6% steps (64 levels)

True color graphics generator for NTSC (720 x 480

pixels) and PAL (720 x 576 pixels)

Selectable conversion from CCIR-656 aspect ratio to

square pixels

Selectable vertical filtering for flicker reduction

Graphics matched to resolution and color depth of

high-quality NTSC/PAL television graphics overlay

Uses 12/16 bits per pixel to store images equivalent to

24-bit-per-pixel computer images and CCIR-601 data

streams and/or a 2/4/8-bit color look-up table (CLUT)

e Maximum of two viewports on any horizontal line

* Multiple viewports vertically

Supports four image levels including video, two viewports,

and hardware cursor

Graphics display requires less than 30% of memory

bandwidth per viewport, allowing rapid processor updates

Digital video encoder for converting CCIR-656 to

composite and S-VHS analog video

Macrovision generator for copy protection and closed

caption inserter for line 21 data

* SDRAM controller for shared system and graphics
memory with glueless interface

e 208 QFP and 196 PBGA packages

L]

Intelligent TV
Block Diagram
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M5C™ Series Gate Arrays/M5CB™ Series Standard Cells

Deep Sub-Micron CMOS Process

The M5C/CB Series feature performance optimized 3.3 V
and 5 V tolerant 1/0 capability, high-speed interfaces, and
analog PLLs for chip-to-chip clock skew management. The
gate length has been reduced to 0.45 pm nominal Leff to
provide improved 3.3 V performance.

The M5C/CB Series utilizes Motorola’s standard 0.5 micron
CMOS process for logic, the same one used for products like
the 68060 and low power 68040. The process has advanced
features such as tungsten plugged, stacked vias and
contacts, and planarized metalization.

High-speed SCI-LVDS, GTL, PCl and PECL macros offer
enhanced chip-to-chip communication. Motorola’s SCI-LVDS
(Low-Voltage Differential Swing) interface enables differential
operationup to 311 MHz. Analog PLLs may be embedded into
three corners of the die for on-chip 50% duty cycle clock
signals up to 175 MHz with only 250 ps jitter plus phase error,
which provides on-chip clock synthesis.

The M5C/CB Series offers a large selection of diffused SRAM
blocks through the FeliX™  Compiler. FeliX can generate a
variety of word and bit length
combinations in synchronous
single-and dual-port RAMs.

M5C/CB Series Features

0.45 um effective gate length process, triple-layer metal
Typical gate delay of 240 ps at 3.3 V (CMND20, FO=2)
Performance optimized 3.3 V core

Low power of 1 uW/gate/MHz at 3.3 V

Multiple VDD rails for the core and 3.3 V outputs

Cell library optimized for efficient logic synthesis

Single-, and dual-port metal and diffused SRAM compilers
Contact programmable ROM compiler

Internal macros characterized from 1.4 to 3.6 volts
High-speed SCI-LVDS, GTL, PCl and PECL interface
macros

Full support of DFT and SCAN methodology;
JTAG/Boundary Scan embedded in periphery

Clock tree synthesis with clock skew management
through optional embedded analog PLL macro functions
for clocks up to 175 MHz at 3.3 V with a 50% duty cycle
Powerful design environment using Mentor Graphics,
Synopsys, Cadence Design Systems, Viewlogic, and
Motorola’s design tools

Advanced plastic - BGA, Tape Ball Grid Array (TBGA),
MQUAD, thermally enhanced QFP and PQFP packaging

128-160

160-208

160-225 0.5 Micron CMOS

208-225 Process

208-313

Diffused SRAMs.

208-313

User definable
SRAMs configurations

208-352

are available using

208-420

Motorola’s FeliX SRAM
compiler. FeliX

generates several
versions of a given SRAM
size, each with different
performance, gate
counts, and physical
configurations.

Fealures

225-420
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H4EPIus™ Series Gate Arrays

Enhanced Density
Mixed-Voltage Environments

The H4EPIus Series arrays offer a fully featured 3.3 V, 5 V
and mixed-voltage capable family combined with an increased
core density providing over 50% more gates in the same die
area as Motorola’s H4CPlus Series. It offers a wide range of
mixed-voltage I/Os, high-speed interfaces, and analog PLLs for
clock skew management. The gate length of 0.65 um nominal
Leff provides a competitive 3.3 V performance, with increased
performance at 5 V.

The low- and mixed-voltage capability allows designers to
customize the H4EPlus arrays to fit power and performance
needs. All H4EPlus arrays have dual VDD rails, with custom
power/ground tying, to provide full 3.3 V, 5 V and mixed-voltage
I/O capability. Additionally, the core logic may be powered at
either 3.3 Vor5V.

High-speed CMTL™, GTL™, PCl and PECL macros offer
enhanced chip-to-chip communication.  Motorola’s CMTL
(Current Mode Tranceiver Logic™) have optional internal active
termination and support differential clock rates of up to 300+
MHz. GTL, PCl and PECL are available for interfacing to
standard logic and RAMs.

Each array can have up to two APLL (Analog Phased Lock
Loop) macros with separate APLL power pins for lower noise
and phase jitter. No external components are required since
the VCO filter is built in. These can be used in applications
such as clock synthesis
with a worst-case VCO
frequency of 70 to 250 MHz.

H4EPlus

Series
Features

H4EPIus Series Features

0.65 um Leff, channelless, triple-layer metal gate arrays
8,056 to 278,304 available gates

Typical gate delay of 280 ps at 5 V and 420 ps at 3.3 V
(NAN2, FO=2)

Low power, 1 uW/gate/MHz (3.3 V), 3 uW/gate/MHz (5 V)
3.3V, 5 V or mixed system and core voltage levels
Custom power bus tying and ground bus isolation for
special power needs

Configurable I/O cell supports 2 to 24 mA, up to 48 mA
using dual /O cells

PCI compliant 5 V and 3.3 V I/O buffers (5 V tolerant), 3 V
1/0 macros, and 5 V |/O fail-safe macros

Differential and single-ended GTL I/0 and PECL input
macros

Analog PLL with 70 to 250 MHz worst-case VCO
frequency

DFT methodology support (JTAG, BIST, LSSD, and ESSD)
JTAG 1149.1 boundary scan built into I/O macros
Single-, dual-, and quad-port metal SRAMs at 3.3 V
and5V

Single-, and dual-port diffused SRAMS

Powerful design environment using Mentor Graphics,
Cadence Design Systems, Synopsys, Quad Design
Technology, and Motorola design tools

GTPAC™ ball-grid array, Thin QFP, Thermally Enhanced
QFP, PLCC, and Ceramic BGA packaging

H4EPIus provides
50% more gates

H4EP008
H4EPO12

than equivalent
HA4CPlus die size

H4EPO17
H4EP028
H4EP044
HAEPA44

160-196

H4EPQ75
H4EP116

80-225
128-256

H4EP1T71

HAEP227
H4EP278

0.65 Micron CMOS Arrays

SONEY
Toer Oplc
YN

H4EPIus Enhanced
Density Core

Reuse H4CPlus
/O Ring & Die

Motorola Master Selection Guide
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Literature

To order any literature item(s), contact the Motorola Semiconductor Products Literature Center at 1-800-441-2447

Design Manuals

Order Number Description
H4EPDM/D H4EPlus Series CMOS Arrays
M5CDM/D M5C Series CMOS Arrays

Data Sheets

H4EP/D
M5C/D
M5CB/D

H4EPIlus Series CMOS Arrays
M5C Series CMOS Arrays
M5CB Series Standard Cells

Brochures/Selector Guides/Misc.

BR916/D Packaging Manual for ASIC Arrays
BR1441/D ASIC Reliability and Quality Report
BR1473/D The Individual Solution

Application Notes/Article Reprints
Order Number Description

AN1093/D Delay and Timing Methods for
CMOS and ASICs

AN1500/D JTAG Boundary Scan for H4C
Arrays

AN1502/D Embedded RAM/BIST

AN1509/D ASIC Clock Distribution Using PLL

AN1512/D TestPAS Primer

AN1521/D High-Performance CMOS
Interfaces

AN1522/D Analog Phase-Locked Loop for
H4EPlus and M5C Series Arrays

AN1534/D Design Considerations of Plastic
Ball-Grid Arrays for CMOS Gate
Arrays

AN1553/D Minimizing Skew in Gate Arrays

AN1554/D SRAM Built-in-Self Test

AR518/D Gate Arrays Simplify Translation
Between High Speed
Logic Families

AR524/D Pick the Right ASIC Package

AR611/D Exploit the Potential of

High-Performance CMOS by
Selecting the Best Interface

Worldwide Design Centers

P
R R R

B mo—

tsasmupnamoty

ADCD Regional Design Centers - U.S.A.
California, San Jose (408) 991-7331
Georgia, Atlanta (404) 729-7137

lllinois, Chicago (847) 413-2526
Massachusetts, Marlborough (617) 932-6084

Optimum Design, Service and Support

Motorola has established a worldwide network of
ADC design centers to serve the design and applica-
tions needs of its customers. The centers provide
support at all phases of your semi-custom design.
Skilled designers provide training for Motorola’s ADC
design flows, as well as applications support for CAD
and silicon issues during the design process.

ADCD Regional Design Centers - International

European Headquarters, Germany, Munich
(089) 92103-306

England, Aylesbury, Bucks (01296) 395252
France, Velizy (01) 34635900

Holland, Best (04998) 61211

Israel, Tel Aviv (09) 590-303

ltaly, Milan (02) 82201

Sweden, Stockholm (08) 734-8800

Hong Kong, Silicon Harbour Center, Tai Po
(852) 2666-8333
Japan, Tokyo (03) 440-3311

Advanced Digital Consumer Products
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Microcomputer Components

In Brief ...

Motorola continues to be a leading supplier of components - . Page
for microcomputer systems. The product portfolio includes _?gt:‘/: GSB'ggglgronﬁle SSOMS v g;j
digital signal processors; CISC and RISC and PowerPC The M88000 R|scyFa.n.1i.l ......................... 2'3—1
advanced microprocessors and complementary full-function The PowerPC RISC Fam)ill . Mlcro rocessors """" 2' 4
peripherals; a comprehensive selection of high—performance Single—Chio Mi troll M CSI% """" 2'5_1
microcontrollers; VLSI functions for Local Operating Network ingle 'p !crocon rollers ( ) ’
applications; and a broad range of fast static RAM and dynamic Single-Chip Microcontrollers (AMCU) ... 2.6-1
RAM chips and modules. LonWorks Products . .............oviiiiiiiiaan., 2.7-1

Memory Products ................. ... oL 2.8-1

Our commitment is to provide state—of-the—art devices
as well as continuing support of established products, with
six—sigma quality and total customer satisfaction.

Motorola Master Selection Guide 2.0-1 Microcomputer Components



Microcomputer Components 2.0-2 Motorola Master Selection Guide



Digital Signal Processors

In Brief ...

Drawing on both design excellence and expertise in
manufacturing, Motorola has created a range of
architecturally compatible Digital Signal Processing chips.
The philosophy behind the DSP families has been to create
compatibility between products, as well as to conform to
international standards.

Motorola offers a complete portfolio of 16- and 24-bit fixed
point and 32-bit floating point DSPs.

In addition, we offer a comprehensive array of
development tools to give the designer access to the full
power and versatility of the DSPs with minimum fuss. All the
tools were designed for ease of use and functionality. They
provide a low-cost means of evaluation and greatly simplify
the design and development phase of a DSP project.

Page
DSP56100—16-Bit Digital Signal Processors .... 2.1-2
DSP56800—16-Bit Digital Signal Processors .... 2.1-3
DSP56000—24-Bit Digital Signal Processors .... 2.1-3
DSP56300—24-Bit Digital Signal Processors .... 2.1-5
DSP56600—16-Bit Digital Signal Processors ... 2.1-12
DSP96002—32-Bit Digital Signal Processors ... 2.1-17
DSP56ADC16—The Analog-To-Digital
Converter ... 2.1-18
DSP DevelopmentTools . ............cccoiinnnn. 2.1-18
Application Development Systems ............ 2.1-18
Graphical User Interface ..................... 2.1-19
DSP Development Software .................... 2.1-19
Design-In Software Packages ................ 2.1-19
C Compiler Packages ....................... 2.1-20
C Compiler Upgrades ....................... 2.1-20

Motorola Master Selection Guide
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16-/24-/32-Bit Families—Your Complete DSP Solution
DSP56100—16-Bit Digital Signal Processors

The DSP56100 family of HCMOS, low-power, 16-bit fixed
point general-purpose Digital Signal Processors (DSPs) is
ideal for high end speech coding, telecommunications, and
control applications. The first DSP56100 family member, the
DSP56156, combines the high-speed core with 8 K bytes
RAM, two serial ports, one parallel port, codec, Phase-Lock
Loop (PLL), and an On-Chip Emulation port (OnCE™). The
DSP56166, the second member of the DSP56100 family, has
identical package and pinout to the DSP56156 with different
memory configuration and peripherals.

Ho-H7 Host
or Control
PortB 110 or

0
& f__&ﬂ
>
| ‘ezeEER
e IXTITITITTIT
2 W
T
A-A15 < Address Bus| gTRDD% 2 Serial
<> 3GKO | interfaces
po-p15< Data Bus <> 5C00 \ SS10&
—» STD1 ( SSt1
. [<— SRD1
On-Chip <t DSP56156 < SCK1 | o
Codec 9 le—>- 3311 |PortC1/IO
<> SCO1
—T; Timer or
Bus ‘ [ — out
ool 75 ] Tm} PortC 110
— Power
[<— Ground
iREH
<@ O
2B B oo 3825
IAOIE and S
[=)
296 L, IB°
=== \ )
Interrupt and OnCE™
Mode Control
PART NUMBERS
Part Description
XC56156FV40 40 MHz in TQFP
XC56156FV50 50 MHz in TQFP
XC56156FE60 60 MHz in CQFP
XC56166FV60 60 MHz in TQFP

DSP56156 BENCHMARKS
Benchmark Instruction Cycles
Real FIR Filter with Data Shift 1 per Tap
LMS Adaptive Real FIR Filter 2 per Tap
Double Integration Sinewave Generation | 2 per Sample
Complex FIR Filter with Data Shift 4 per Tap
General Lattice Filter 4 per Tap
Real Cascaded liR Biquad 5 per Section
Filter Sections (4 coeff.)
PID Loop
Double Precision Multiply
[1 x 3][3 x 3] Matrix Multiplication 21
DSP56100 Features

« Up to 30 Million Instructions Per Second (MIPS) at
60 MHz; 33.3 ns Instruction cycle

o Single-cycle 16 x 16-bit parallel Multiply-Accumulate

o 2 x 40-bit accumulators with extension byte

o Fractional and integer arithmetic with support for

multiprecision arithmetic

Highly parallel instruction set with unique DSP addressing

modes

Nested hardware DO loops, including infinite loops and

DO zero loop

Two instruction LMS adaptive filter loop

Fast auto-return interrupts

Three external interrupt request pins

Three 16-bit internal data and three 16-bit internal

address buses

Individual programmable wait states on the external bus

for program, data, and peripheral memory spaces

o Off-chip memory-mapped peripheral space with
programmable access time and separate peripheral
enable pin

e On-chip memory-mapped peripheral registers

o Low power Wait and Stop modes

e OnCE port for unobtrusive, processor speed independent
debugging

* Operating frequency down to DC

e 5V single power supply

o Low power (HCMOS)

e o o o .

Digital Signal Processors
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DSP56800—16-Bit Digital Signal Processors

The DSP56800 core family is the first architecture
designed to enable digital signal processing and embedded
microcontroller functionality. This muiti-functional approach
supports applications requiring both signal processing and
control functionality, such as wireless messaging, digital
answering machines, feature phones, and low-cost wireline
modems.

The first two DSP56800 family members, the DSP56L811
and DSP56L812 are identical except for memory
configuration. The DSP56L811 contains 1 K of Program RAM
and 2 K of data RAM. The DSP56L812 features 22 K of
Program ROM, 2 K of data ROM and 2 K of data RAM.

DSP56800 Features

20 MIPS at 40 MHz
3.3 volts
Three 16-bit timers

JTAG OnCE™ Port
Phase-Lock Loop

Two Serial Peripheral Interfaces (SPis)
Serial Synchronous Interface (SSI)

Sixteen - thirty-two general purpose input/output pins.

(Sixteen dedicated and sixteen shared with peripherals)
o External bus interface to allow for additional memory

languages

Support for high-level C and C++ programming

Streamlined instruction set featuring frequently used DSP
and microcontroller codes, as well as control extensions

DSP56000—24-Bit Digital Signal Processors

The DSP56000 family of 24-bit, fixed point, general
purpose Digital Signal Processors is Motorola’s original DSP
family and has set the standard for high end DSP devices with
its triple Harvard architecture of seven internal buses and
three parallel execution units—Data ALU, Address
Generation Unit, and Program Controller. Motorola has
retained architectural compatibility with the 24-bit family into
the 16-bit DSP56100 and 32-bit DSP96002 products helping
to preserve our customer software investment.

The DSP56000 family of HCMOS, 24-bit DSP devices
consists of the DSP56002, DSP56L002, DSP56004,
DSP56005, DSP56007, DSP56L007, DSP56009, and the
transitional DSP56001A. All these products are source code
compatible and are used extensively in telecommunications,
control, and audio applications. The DSP56000 family’s
unique 24-bit architecture has made these products the
industry standard for CD-quality digital audio processing.

The DSP56L002 and DSP56L007 low-voltage devices
operate at 3.3 volts, which effectively extends the battery life
of portable applications up to three times longer than 5 volt
systems.

DSP56002 BENCHMARKS

< —
- Peripheral Program X-Memory On-Chip , I
- Vo | [euc ] II RAMEOM l Aavmon | Expansion|  PART NUMBERS (4Q 96 Availability)
Expansion Expansion Part Description
4
;: wrng XC56L811BU40 40 MHz in TQFP
ook W[ Address 11 | cous ) | xcs6L812BU40 40 MHz in TQFP
Internal 1.1 - Generator | Geﬂﬁ?tlon <
Data —— Lwl Address 5
) Bus . s 3 o Q.
SR Switch | ) i "| Data |-
¥y - - >
Program  [* 5
Controller [ : OnCE
¥ Y L Data ALU JTAG [
} . 16 x 16 + 36" 36-Bit MAC e g
16-Bit Core
— RESET
—— MODA/IRQA
— MODB/IRQB

Benchmark

Instruction Cycles

Real FIR Filter with Data Shift

1 per Tap

Two Dimensional Convolution
(3 x 3 coeff. mask)

1 per Output

LMS Adaptive Real FIR Filter

3 per Tap

Real Cascaded IIR Biquad
Filter Sections (4 coeff.)

4 per Section

Complex FIR Filter with Data Shift 4 per Tap
[1 x 3][3 x 3] Matrix Multiplication 17
Division 28
Leroux-Gueguen LPC Analysis:

8th Order 473

10th Order 622

16th Order 1203

Motorola Master Selection Guide

2.1-3

Digital Signal Processors



DSP56000—24-Bit Digital Signal Processors (continued)

HO-H7 or Host Control or
Port B /0 PortBI/O
I I
5[ 2z3SEEE
o2 ITrTxTxITiT - g
Ay
—>DS0
A0-A15<Address Bus| l«—>-DS31/0S50 [ Note
<—>DSCK/OS1[ 1
<—DR
Do-D23 RXD
0 —TXD }NZ“’
BS <l DSP56002 <> SCLK
DS <—i < SCO
Bus \Tﬁ le—> 502 Note
Control | XY <— ScK 3
BR —» l«——S8RD
BG ~<— —>STD
BN ~—] [<—PINIT
|—>PLOCK { Note
[ CKP 4
REERE A
LRV sShLMI I 29
BRERE €82
<@ Ol
8§88
===
Interrupt and Mode Control
NOTES:

1. On-Chip Emulation port (OnCE™)
2. SCI Serial or Port C I/O
3. SSI Serial or Port C I/O
4. Phase Lock Loop (PLL)

DSP56000 Family Features

o On-chip Harvard architecture permitting simultaneous
accesses to program and two data memories
Two 56-bit accumulators including extension byte
¢ Parallel 24 x 24-bit multiply-accumulate (MAC) in
1 instruction cycle (2 clock cycles)
e Double precision 48 x 48-bit multiply with 96-bit result in
6 instruction cycles
¢ 56-bit addition/subtraction in 1 instruction cycle
Fractional arithmetic with support for multiprecision
arithmetic
Hardware support for block-floating point FFT
Hardware nested DO loops
Zero-overhead fast interrupts (2 instruction cycles)
On-Chip Emulation (OnCE) port for unobtrusive,
processor speed-independent debugging
Software-programmable, Phase Lock Loop (PLL) based
frequency synthesizer for the core clock
On-chip peripheral registers memory mapped in data
memory space

o o o o (]

Double-buffered peripherals
Power-saving Wait and Stop modes

DSP56002 Features

512 x 24-bit on-chip Program RAM and 64 x 24-bit
bootstrap ROM

o Two 256 x 24-bit on-chip data RAMs

Two 256 x 24-bit on-chip data ROMs containing sine,

A-law, and p-law tables

External memory expansion with 16-bit address and

24-bit data buses

Bootstrap loading from external data bus, Host Interface

(H1), or Serial Communication Interface (SCl)

Byte-wide HI with Direct Memory Access (DMA) support

Synchronous Serial Interface (SSI) to communicate with

codecs and synchronous serial devices

— 8-, 12-, 16-, 24-bit word sizes

— Up to 32 software-selectable time slots in network
mode

— SCI for full-duplex asynchronous communications

— 24-bit Timer/Event Counter also generates and
measures digital waveforms

— Up to twenty-five General Purpose Input/Output
(GPIO) pins

— Three external interrupt request pins; one
non-maskable

— 3.3V (DSP56L002) and 5 V (DSP56002) power
supply options

DSP56004/DSP56007 Features

Serial Audio Interface (SAl) includes 2 receivers and

3 transmitters, master or slave capability, and
implementation of 128, Sony, and Matshushita audio
protocols; two sets of SAl interrupt vectors

Serial Host Interface (SHI) features single master
capability, 10-word receive FIFO, and support for 8-, 16-,
and 24-bit words

External Memory Interface (EMI) peripheral providing
glueless connection to DRAM, SRAM, and/or EPROM for
audio delay buffering

Four dedicated, independent, programmable GPIO lines
DSP56004 memory: 512 words Program RAM, 2 x 256
words data RAM, 2 x 256 words data ROM

DSP56007 memory: 6400 words Program ROM, 3200
words data RAM, 1024 words data ROM

3.3 V power supply option available (DSP56L007)

« Bootstrap loading via 12C, SPI, or byte-wide memory

modes available
Up to twenty-five GPIO pins

Digital Signal Processors
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DSP56000—24-Bit Digital Signal Processors (continued)

DSP56005 Features

o Five Pulse Width Moduiators (PWM)

o 24-bit timer/event counter also generates and measures

digital waveforms

— Three with alternate outputs; two with open drain or
TTL outputs

— 9-bit to 16-bit data width

— Alternate outputs independently selectable as active
high or active low

16-bit Watchdog timer

e 4608 x 24-bit on-chip Program RAM and 96 x 24-bit

bootstrap ROM

Two 256 x 24-bit on-chip data RAMs

o Two 256 x 24-bit on-chip data ROMs, containing sine and

arc-tangent tables

External memory expansion with 16-bit address and

24-bit data buses

Bootstrap loading from external data bus, Host Interface,

or Serial Communication Interface

DSP56009 Features

The memory configurations available differentiate this DSP
from the other family members. The DSP coreis fedby a large
Program ROM, two independent data RAMs, two data ROMs,
a Serial Audio Interface, Serial Host Interface, External
Memory Interface, dedicated /O lines, on-chip Phase Lock
Loop (PLL), and On-Chip Emulation (OnCE™) port.

o Completely pin compatibie with DSP56004 and

DSP56007 for easy upgrades
e 5V power supply
o On-chip Harvard architecture permitting simultaneous

accesses to program and two data memories
o 10240 x 24-bit on-chip Program ROM*
® 4608 x 24-bit on-chip X data RAM and 3072 x 24-bit
on-chip X data ROM*

4352 x 24-bit on-chip Y data RAM and 1792 x 24-bit
on-chip Y data ROM*

512 x 24-bit on-chip Program RAM and 64 x 24-bit
bootstrap ROM

Up to 2304 x 24-bit from X and Y data RAM can be
switched to Program RAM giving a total of 2816 x 24 bits
of Program RAM

¢ Bootstrap loading from Serial Host Interface or External
Memory Interface

*These ROMs may be factory programmed with data/program
provided by the application developer.

PART NUMBERS
Part Description

XC56001ARC27 | Transitional Device; DSP56002 recommended
for new designs

XC56001ARC33 | Transitional Device; DSP56002 recommended
for new designs

XC56001AFE27 | Transitional Device; DSP56002 recommended
for new designs

XC56001AFE33 | Transitional Device; DSP56002 recommended
for new designs

XC56001AFC27 | Transitional Device; DSP56002 recommended
for new designs

XC56001AFC33 | Transitional Device; DSP56002 recommended
for new designs

DSP56002RC40 |40 MHz RAM-based in 132-pin PGA

DSP56002FC40 | 40 MHz RAM-based in 132-pin PQFP

DSP56002FC66 |66 MHz RAM-based in 132-pin PQFP

XC56002PV40 | 40 MHz RAM-based in 144-pin TQFP

XC56002PV66 | 66 MHz RAM-based in 144-pin TQFP

XCP56002PV80 | 80 MHz RAM-based in 144-pin TQFP

DSP56L002FC40]| Low power 40 MHz RAM-based in 132-pin
PQFP

XC56L002PV40 | Low power 40 MHz RAM-based in 144-pin
TQFP

XC56004FJ50 50 MHz RAM-based in 80-pin QFP

XC56004FJ66 66 MHz RAM-based in 80-pin QFP

XC56005PV50 |50 MHz RAM-based in 144-pin TQFP

XC56007FJ50 50 MHz ROM-based in 80-pin QFP

XC56007FJ66 66 MHz ROM-based in 80-pin QFP

XC56L007FJ40 | Low-power 40 MHz ROM-based in 80-pin QFP

XC56009PV80 | 80 MHz ROM-based in 80-pin QFP

DSP56300—24-Bit Digital Signal Processors

The first programmable Motorola DSP product to provide
a true single-clock-cycle execution, the DSP56300 core
effectively doubles the number of instructions executed
without increasing clock speed, providing 80 MIPS of
performance at 80 MHz, while retaining code compatibility
with the rest of the Motorola DSP offerings. The DSP56300
family offers a new level of performance in MIPS, a rich
instruction set and low power dissipation, enabling a new
generation of products in wireless, telecommunications, and
multimedia.

Several significant architectural enhancements include a
barrel shifter, 24-bit addressing, instruction cache, and DMA
functionality. The DSP56301 offers 66/80 MIPS using an
internal 66/80 MHz clock at 3.0-3.6 V.

Motorola Master Selection Guide
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DSP56300—24-Bit Digital Signal Processors (continued)

DSP56301 Features
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High Performance DSP56300 Core
*

66/80 MHz clock at 3.3 V

66/80 Million Instructions Per Second (MIPS) with a

¢ Object code compatible with the DSP56000 core

o Highly parallel instruction set
¢ Data Arithmetic Logic Unit (ALU)
— Fully pipelined 24 x 24-bit paraliel
Multiplier-Accumulator
— 56-bit parallel barrel shifter (fast shift an

d

normalization; bit stream generation and parsing)

— Conditional ALU instructions

— 24-bit or 16-bit arithmetic support under software

control
Program Control Unit (PCU)

— Position Independent Code (PIC) support
— Addressing modes optimized for DSP applications

(including immediate offsets)
— On-chip instruction cache controller
— On-chip memory-expandable hardware

stack

— Nested hardware DO loops

— Fast auto-return interrupts

Direct Memory Access (DMA)

— Six DMA channels supporting internal and external
accesses

— One-, two-, and three- dimensional transfers
(including circular buffering)

— End-of-block-transfer interrupts

— Triggering from interrupt lines and all peripherals

Phase Lock Loop (PLL)

— Allows change of low power Divide Factor (DF)
without loss of lock
— Output clock with skew elimination

Hardware debugging support

— On-Chip Emulation (OnCE™) module

Digital Signal Processors

2.1-6

Motorola Master Selection Guide



DSP56300—24-Bit Digital Signal Processors (continued)

— Joint Action Test Group (JTAG) Test Access Port
(TAP) port

— Address tracing mode reflects internal Program RAM
accesses at the external port

On-Chip Memories

e 4096 x 24-bit Program RAM (or, if the cache option is
enabled, 1024 x 24-bit Instruction Cache and 3072 x
24-bit Program RAM)

® 2048 x 24-bit X data RAM

e 2048 x 24-bit Y data RAM

e 192 x 24-bit bootstrap ROM

Off-Chip Memory Exparnision

* Data memory expansion to two 16 M x 24-bit word
memory spaces

e Program memory expansion to one 16 M x 24-bit words
memory space

¢ External memory expansion port

¢ Chip Select Logic for glueless interface to SRAMs and

SSRAMs

On-chip DRAM Controller for glueless interface to

DRAMs

On-Chip Peripherals

e 32-bit parallel PCl/Universal Host Interface (H132), PCI
Rev. 2.1 compliant with glueless interface to other
DSP563xx buses

¢ ISA interface requires only 74LS45-style buffer

e Two Enhanced Synchronous Serial Interfaces (ESSI)

o Serial Communications Interface (SCI) with baud rate
generator

e Triple timer module

DSP56301 DOCUMENTATION

* Up to forty-two programmable General Purpose
Input/Output pins (GPIO), depending on which
peripherals are enabled

Reduced Power Dissipation

Very low power CMOS design

Wait and Stop low power standby modes

Fully-static logic, operation frequency down to 0 Hz (DC)
Optimized power management circuitry
(instruction-dependent, peripheral-dependent, and
mode-dependent)

e o o o

Target Applications

The DSP56301 is intended for general-purpose digital
signal processing, particularly in multimedia and
telecommunication applications, such as videoconferencing
and cellular telephony.

Product Documentation

The three documents listed in the following table are
required for a complete description of the DSP56301 and are
necessary to design properly with the part. Documentation is
available from one of the following locations (see back cover
for detailed information):

A local Motorola distributor

A Motorola semiconductor sales office

A Motorola Literature Distribution Center
The World Wide Web (WWW)

See the Additional Support section of the DSP56300
Family Manual for detailed information on the multiple support
options available to you.

Name Description Order Number

instruction set

DSP56300 Family Manual | Detailed description of the DSP56300 family processor core and DSP56300FM/AD

DSP56301 User's Manual | Detailed functional description of the DSP56301 memory configuration, | DSP56301UM/AD
operation, and register programming

specifications

DSP56301 Technical Data | DSP56301 features list and physical, electrical, timing, and package DSP56301/D

Ordering Product

Consult a Motorola Semiconductor sales office or
authorized distributor to determine product availability and to
place an order.

ORDERING INFORMATION

Supply Pin Frequency
Part Voltage Package Type Count (MHz) Order Number
DSP56301 3V Thin Quad Flat Pack (TQFP) 208 66 DSP56301PW66
DSP56301 3V Thin Quad Flat Pack (TQFP) 208 80 DSP56301PW80
DSP56301 3V Plastic Ball Grid Array (PBGA) 252 66 DSP56301GC66
DSP56301 3V Plastic Ball Grid Array (PBGA) 252 80 DSP56301GC80
Motorola Master Selection Guide 21-7 Digital Signal Processors



DSP56300—24-Bit Digital Signal Processors (continued)

DSP56302 Features
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High Performance DSP56300 Core
¢ 66 Million Instructions Per Second (MIPS) with a 66 MHz — Nested hardware DO loops
clock — Fast auto-return interrupts
o Object code compatible with the DSP56000 core ¢ Direct Memory Access (DMA)
* Highly parallel instruction set — Six DMA channels supporting internal and external
o Data Arithmetic Logic Unit (ALU) accesses
— Fully pipelined 24 x 24-bit parallel multiplier- — One-, two-, and three-dimensional transfers (including
accumulator circular buffering)
— 56-bit parallel barrel shifter (fast shift and — End-of-block-transfer interrupts
normalization; bit stream generation and parsing) — Triggering from interrupt lines and all peripherals
— Conditional ALU instructions ¢ Phase Lock Loop (PLL)
— 24-bit or 16-bit arithmetic support under software — Allows change of low power Divide Factor (DF)
control without loss of lock
* Program Control Unit (PCU) — Output clock with skew elimination

— Position Independent Code (PIC) support

— Addressing modes optimized for DSP applications
(including immediate offsets)

— On-chip instruction cache controller

— On-chip memory-expandable hardware stack

Digital Signal Processors 2.1-8 Motorola Master Selection Guide



DSP56300—24-Bit Digital Signal Processors (continued)

e Hardware debugging support
— On-Chip Emulation (ONCE™) module
— Joint Action Test Group (JTAG) Test Access Port
(TAP) port
— Address tracing mode reflects internal accesses at
the external port

On-Chip Memories

e Program RAM, Instruction Cache, X data RAM, and Y
data RAM size is programmable

Instruction Switch Program Instruction X Data Y Data
Cache Mode RAM Size Cache Size RAM Size RAM Size
disabled disabled 20480 x 24-bit 0 7168 x 24-bit 7168 x 24-bit
enabled disabled 19456 x 24-bit 1024 x 24-bit 7168 x 24-bit 7168 x 24-bit
disabled enabled 24576 x 24-bit 0 5120 x 24-bit 5120 x 24-bit
enabled enabled 23552 x 24-bit 1024 x 24-bit 5120 x 24-bit 5120 x 24-bit

* 192 x 24-bit bootstrap ROM

Off-Chip Memory Expansion

¢ Data memory expansion to two 256 K x 24-bit word
memory spaces

o Program memory expansion to one 256 K x 24-bit words

memory space

External memory expansion port

« Chip Select Logic for glueless interface to SRAMs and

SSRAMs

On-chip DRAM Controller for glueless interface to

DRAMs

On-Chip Peripherals

e Enhanced DSP56000-like 8-bit parallel Host Interface
(HI08) supports a variety of buses (e.g., ISA) and
provides glueless connection to a number of industry
standard microcomputers, microprocessors, and DSPs

¢ Two Enhanced Synchronous Serial Interfaces (ESSI),

each with one receiver and three transmitters (allows
six-channel home theater)

Serial Communications Interface (SCI) with baud rate

generator

o Triple timer module

* Up to thirty-four programmable General Purpose
Input/Output (GPIO) pins, depending on which
peripherals are enabled

DSP56302 DOCUMENTATION

Reduced Power Dissipation

Very low power CMOS design

Wait and Stop low power standby modes

Fully-static logic, operation frequency down to 0 Hz (DC)
Optimized power management circuitry
(instruction-dependent, peripheral-dependent, and
mode-dependent)

Target Applications

The DSP56302 is intended for applications requiring a
large amount of on-chip memory, such as wireless
infrastructure applications. Itis also intended as a RAM-based
emulation part for low-cost ROM-based solutions.

Product Documentation

The three documents listed in the following table are
required for a complete description of the DSP56302 and are
necessary to design properly with the part. Documentation is
available from one of the following locations (see back cover
for detailed information):

* A local Motorola distributor

¢ A Motorola semiconductor sales office

¢ A Motorola Literature Distribution Center
¢ The World Wide Web (WWW)

See the Additional Support section of the DSP56300
Family Manual for detailed information on the multiple support
options available to you.

Name

Description Order Number

instruction set

DSP56300 Family Manual | Detailed description of the DSP56300 family processor core and DSP56300FM/AD

DSP56302 User's Manual | Detailed functional description of the DSP56302 memory configuration, | DSP56302UM/AD
operation, and register programming

specifications

DSP56302 Technical Data | DSP56302 features list and physical, electrical, timing, and package DSP56302/D

Motorola Master Selection Guide
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DSP56300—24-Bit Digital Signal Processors (continued)

Ordering Product

Consult a Motorola Semiconductor sales office or
authorized distributor to determine product availability and to
place an order.

ORDERING INFORMATION

Supply Pin Frequency
Part Voltage Package Type Count (MH2) Order Number
DSP56302 3V Thin Quad Flat Pack (TQFP) 144 66 DSP56302PV66
DSP56303 Features
YYRREN} N
YYYy \ Y
) Program RAM R s
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Interface 4096 x 24 XData Y Data R
Timer i Interface Interface or RAM RAM me
(3072x 24 and || 2048 24 |} 2048 x 24 | Expansion
f’ [ f 4 i 44 1 Instruction Cache Ar@a‘
- P W 1 1024 x 24) 8
Peripheral BN Y S § f"j‘“l '_
B Expansion Area 181 B E:i% R 1 ;
o = s s -
a o YAB =3 = 18
Address XAB ®  External
Genl?ration A8 1  Address >
nit Bus
e > p Address
Six Channel DAB Switch
DMA Unit >
A . External
24-Bit Bus 13
Bootstrap DSP56300 'ﬂtegace >
ROM |- Core |~Cache | Control
Control
DDB
Internal |- YDB External 24
Data et XDB DataBus [ >
Bus PDB Switch Data
Switch | o GDB >
EXTAL Power
- ok _,__J vvy .
Generator ata )
Xl | Lesd B e ol fE || zectsssonme |
PLL Controller ller | Controller ller | L Generator | '56-bit Barrel Shifter OnCE™ =
) MODD/IRQD
MODC/IRQC
RESET MODB/IRQB
PINIT/NMI MODA/IRQA

High Performance DSP56300 Core

* 66/80 Million Instructions Per Second (MIPS) with a
66/80 MHz clock at 3.3 V
o Object code compatible with the DSP56000 core
Highly parallel instruction set
Data Arithmetic Logic Unit (ALU)
— Fully pipelined 24 x 24-bit parallel multiplier-
accumulator

— 56-bit parallel barrel shifter (fast shift and
normalization; bit stream generation and parsing)
— Conditional ALU instructions

Digital Signal Processors 2.1-10
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DSP56300—24-Bit Digital Signal Processors (continued)

— 24-bit or 16-bit arithmetic support under software
control
e Program Control Unit (PCU)
— Position Independent Code (PIC) support
— Addressing modes optimized for DSP applications
(including immediate offsets)
— On-chip instruction cache controller
— On-chip memory-expandable hardware stack
— Nested hardware DO loops
— Fast auto-return interrupts
o Direct Memory Access (DMA)
— Six DMA channels supporting internal and external
accesses

— One-, two-, and three-dimensional transfers (including

circular buffering)
— End-of-block-transfer interrupts

— Triggering from interrupt lines and all peripherals

Phase Lock Loop (PLL)

— Allows change of low power Divide Factor (DF)
without loss of lock

— Output clock with skew elimination

Hardware debugging support

— On-Chip Emulation (OnCE™) module

— Joint Action Test Group (JTAG) Test Access Port
(TAP)

— Address tracing mode reflects internal Program RAM
accesses at the external port

Ld

On-Chip Memories

e Program RAM, Instruction Cache, X data RAM, and Y
data RAM size is programmable:

Instruction Switch Program Instruction X Data Y Data
Cache Mode RAM Size Cache Size RAM Size RAM Size
disabled disabled 4096 x 24-bit 0 2048 x 24-bit 2048 x 24-bit
enabled disabled 3072 x 24-bit 1024 x 24-bit 2048 x 24-bit 2048 x 24-bit
disabled enabled 2048 x 24-bit 0 3072 x 24-bit 3072 x 24-bit
enabled enabled 1024 x 24-bit 1024 x 24-bit 3072 x 24-bit 3072 x 24-bit

e 192 x 24-bit bootstrap ROM

Off-Chip Memory Expansion

o Data memory expansion to two 256 K x 24-bit word
memory spaces

e Program memory expansion to one 256 K x 24-bit words
memory space

o External memory expansion port

e Chip Select Logic for glueless interface to SRAMs and

SSRAMs

On-chip DRAM Controller for glueless interface to

DRAMs

On-Chip Peripherals

Enhanced DSP56000-like 8-bit parallel Host Interface
(H108) supports a variety of buses (e.g., ISA) and
provides glueless connection to a number of industry
standard microcomputers, microprocessors, and DSPs
Two Enhanced Synchronous Serial Interfaces (ESSI),
each with one receiver and three transmitters (allows
six-channel home theater)

Serial Communications Interface (SCI) with baud rate
generator

Triple timer module

Up to thirty-four programmable General Purpose
Input/Output (GPIO) pins, depending on which
peripherals are enabled

L]

Reduced Power Dissipation

Very low power CMOS design

Wait and Stop low power standby modes

Fully-static logic, operation frequency down to 0 Hz (DC)
Optimized power management circuitry (instruction-
dependent, peripheral-dependent, and mode-
dependent)

e e o o

Target Applications

The DSP56303 is intended for use in telecommunication
applications, such as multi-line voice/data/fax processing,
videoconferencing, audio applications, control, and general
digital signal processing.

Product Documentation

The three documents listed in the following table are
required for a complete description of the DSP56303 and are
necessary to design properly with the part. Documentation is
available from one of the following locations (see back cover
for detailed information):

o A local Motorola distributor

¢ A Motorola semiconductor sales office

* A Motorola Literature Distribution Center
¢ The World Wide Web (WWW)

See the Additional Support section of the DSP56300
Family Manual for detailed information on the multipie support
options available to you.

Motorola Master Selection Guide
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DSP56300—24-Bit Digital Signal Processors (continued)

DSP56303 DOCUMENTATION
Name Description Order Number
DSP56300 Family Manual | Detailed description of the DSP56300 family processor core and DSP56300FM/AD
instruction set
DSP56303 User's Manual | Detailed functional description of the DSP56303 memory configuration, | DSP56303UM/AD
operation, and register programming
DSP56303 Technical Data | DSP56303 features list and physical, electrical, timing, and package DSP56303/D
) specifications
Ordering Product
Consult a Motorola Semiconductor sales office or
authorized distributor to determine product availability and to
place an order.
ORDERING INFORMATION
Supply Pin Frequency
Part Voltage Package Type Count (MHz) Order Number
DSP56303 3V Thin Quad Flat Pack (TQFP) 144 66 DSP56303PV66
DSP56303 3V Thin Quad Flat Pack (TQFP) 144 80 DSP56303PV80
DSP56303 3V Plastic Ball Grid Array (PBGA) 196 66 DSP56303GC66
DSP56303 3V Plastic Ball Grid Array (PBGA) 196 80 DSP56303GC80

DSP56600—16-Bit Digital Signal Processors

The DSP56600 core can execute one 24-bit instruction per
clock cycle using 16-bit data. The 60-MHz chip includes a
mixture of peripherals and memories optimized for
processing-intensive, yet cost-effective, low power
consumption digital mobile communications applications. The
DSP56600 core includes the data Arithmetic and Logic Unit
(ALU), Address Generation Unit (AGU), program controller,
program patch detector, bus interface unit, On-Chip Emulation
(OnCE™)/JTAG port, and a Phase Lock Loop (PLL)-based
clock generator.

DSP56602 Features

The DSP56602 expansion area includes program and data
memories (ROM and RAM), a triple timer module, an 8-bit
Host Interface (HI08) port, and two 16-bit Synchronous Serial
Interface (SSI) ports. The DSP56602 also provides from three
to thirty-four GPIO lines, depending on which user-enabled
peripherals are used, and three external dedicated interrupt
lines. The DSP56602 is designed specifically for low-power
digital handset cellular applications and can perform a wide
variety of fixed point digital signal processing algorithms.

Digital Signal Processing Core

¢ High-performance 16-bit DSP56600 family DSP engine

« Up to 60 Million Instructions Per Second (MIPS) at
2.7-33V

o Fully pipelined 16 x 16-bit parallel multiply-accumulator

o Two 40-bit accumulators including extension bits

e 40-bit parallel barrel shifter

* Highly parallel instruction set with unique DSP addressing
modes

Code-compatible with the DSP56300 core
Position-independent code support

Nested hardware DO loops

Fast auto-return interrupts

On-chip support for software patching and enhancements
On-chip Phase Lock Loop (PLL) circuit

Real-time trace capability via external address bus
On-Chip Emulator (OnCE) module

JTAG port

Memory

512 x 24 Program RAM

24 K x 24 Program ROM

4 K x 16 X-data RAM

6 K x 16 X-data ROM

4 K x 16 Y-data RAM

6 K x 16 Y-data ROM

Off-chip expansion of both program and data memories
Chip-select pin for direct SRAM interface

Interface to external SRAM memories without additional
logic

Digital Signal Processors
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DSP56600—16-Bit Digital Signal Processors (continued)
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Peripheral Circuits

» Three dedicated General Purpose Input/Output (GPIO)
pins and as many as thirty-one additional GPIO pins
(user-selectable as peripherals or GPIO pins)

e Host Interface (HI08) support: one 8-bit parallel port (or
as many as sixteen additional GPIO pins)

— Direct interface to Motorola HC11, Hitachi H8, 8051
family, Thomson P6 family

— Minimal logic interface to standard ISA bus, Motorola
68K family, and Intel x86 microprocessor family

* Synchronous Serial Interface (SSI) support: two six-pin
ports (or twelve additional GPIO pins)

— Supports serial devices with one or more industry-
standard codecs, other DSPs, microprocessors, and
Motorola SPI-compliant peripherals

— Independent transmitter and receiver sections and a
common SSi clock generator

— Network mode using frame sync and as many as
thirty-two time slots
— 8-bit, 12-bit, and 16-bit data word lengths
« Three programmable timers (or as many as three
additional GPIO pins)
e Three external interrupt/mode control lines
* One external reset pin for hardware reset

Energy Efficient Design

o Operating voltage range: 1.8 Vt0 3.3V

o Very low power CMOS design
—<0.85 mA/MIPS at 2.7V
— <0.55 mA/MIPS at 1.8 V

o Low-power Wait standby mode

o Ultra-low-power Stop standby mode

o Fully static, HCMOS design for operating frequencies
from 60 MHz down to DC

e Special power management circuitry

Motorola Master Selection Guide
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DSP56600—16-Bit Digital Signal Processors (continued)

Product Documentation

The three documents listed in the table below are required
for a complete description of the DSP56602 and are
necessary to design properly with the part. Documentation is

available from a local Motorola distributor, a Motorola
semiconductor sales office, a Motorola Literature Distribution
Center, or through the Motorola DSP home page on the
Internet (the source for the latest information).

DSP56602 DOCUMENTATION
Name Description Order Number
DSP56600 Family Manual | Detailed description of the 56600-family architecture, and 16-bit DSP DSP56600FM/AD
core processor and the instruction set
DSP56602 User's Manual | Detailed description of memory, peripherals, and interfaces DSP56602UM/AD
DSP56602 Technical Data | Electrical and timing specifications, pin descriptions, and package DSP56602/D

descriptions

For the Latest Information
Refer to the back cover of this document for:

* Motorola contact addresses

o Motorola MFAX service

o Motorola DSP Internet address
¢ Motorola DSP Helpline

The MFAX service and the DSP Internet connection
maintain the most current specifications, documents, and

ORDERING INFORMATION

drawings. These two services are available on demand 24
hours a day.

Ordering Information

The following table lists pertinent information needed to
place an order. Consult a Motorola Semiconductor sales office
or authorized distributor to determine availability and to order
parts.

Supply Pin Frequency
Part Voltage Package Type Count (MHz) Order Number
DSP56602 3.0V Plastic Thin Quad Flat Pack 144 60 DSP56602PV60
(TQFP)
DSP56602 30V Plastic Ball Grid Array (PBGA) 196 60 DSP56602GC60

DSP56603 Features
Digital Signal Processing Core

¢ High-performance DSP56600 core

Up to 60 Million Instructions Per Second (MIPS) at
2.7-3.3V

Fully pipelined 16 x 16-bit parallel multiply-accumulator
Two 40-bit accumulators including extension bits

40-bit parallel barrel shifter

Highly parallel instruction set with unique DSP addressing
modes

Code-compatible with the DSP56300 core
Position-independent code support

Nested hardware DO loops

Fast auto-return interrupts

On-chip support for software patching and enhancements
On-chip Phase Lock Loop (PLL) circuit

Real-time trace capability via external address bus
On-Chip Emulator (OnCE) module and JTAG port

L

® o o o o ¢ o o

Memory

e Switch Mode memory allows reconfiguring program,
X-data, and Y-data RAM sizes
— Switch Mode off
o 16 K x 24-bit program RAM

o 8 K x 16-bit X-data RAM
e 8 K x 16-bit Y-data RAM
— Switch Mode on
o 11 K x 24-bit program RAM
e 10.5 K x 16-bit X-data RAM
¢ 10.5 K x 16-bit Y-data RAM
¢ 3 K x 24-bit program ROM
o Off-chip expansion for both program fetch and program
data transfers
o No additional logic needed for interface to external SRAM
memories

Peripheral Circuits

o Three dedicated General Purpose Input/Output (GPIO)

pins and as many as thirty-one additional GPIO pins

(user-selectable as peripherals or GPIO pins)

Host Interface (HI) support: one 8-bit parallel port (or as

many as sixteen additional GPIO pins)

— Direct interface to Motorola HC11, Hitachi H8, 8051
family, Thomson P6 family

— Minimal logic interface to standard ISA bus, Motorola
68K family, and Intel x86 microprocessor family.

Digital Signal Processors
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DSP56600—16-Bit Digital Signal Processors (continued)
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RESET
¢ Synchronous Serial Interface (SSI) support: two 6-pin
ports (or twelve additional GPIO pins)

— Supports serial devices with one or more —_ .
industry-standard codecs, other DSPs, Energy Efficient Design )
microprocessors, and Motorola SPI-compliant e Very low power CMOS design

— Operating voltage range: 1.8 V0 3.3V

* Three external interrupt/mode control lines
e One external reset pin for hardware reset

peripherals
— Independent transmitter and receiver sections and a —<0.85 mA/MIPS at2.7 V
common SSI clock generator — <0.55 mA/MIPS at 1.8 V
— Network mode using frame sync and up to 32 time ¢ Low power Wait for interrupt standby mode, and ultra low
slots power Stop standby mode
¢ Fully static, HCMOS design for operating frequencies

— 8-bit, 12-bit, and 16-bit data word lengths
¢ Three programmable timers (or as many as three
additional GPIO pins)

from 60 MHz down to DC
e Special power management circuitry
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DSP56600—16-Bit Digital Signal Processors (continued)

Product Documentation

The three documents listed in the table below are required
for a complete description of the DSP56603 and are
necessary to properly design with the part. Documentation is

DSP56602 DOCUMENTATION

available from a local Motorola distributor, a Motorola
semiconductor sales office, a Motorola Literature Distribution
Center, or through the Motorola DSP home page on the
Internet (the source for the latest information).

Name Description Order Number
DSP56600 Family Manual | Detailed description of the 56600-family architecture, and 16-bit DSP DSP56600FM/AD
core processor and the instruction set
DSP56603 User’'s Manual | Detailed description of memory, peripherals, and interfaces DSP56603UM/AD
DSP56602 Technical Data | Electrical and timing specifications, pin descriptions, and package DSP56602/D
descriptions

For the Latest Information
Refer to the back cover of this document for:
Motorola contact addresses
Motorola MFAX service
Motorola DSP Internet address
Motorola DSP Helpline

The MFAX service and the DSP Internet connection
maintain the most current specifications, documents, and

ORDERING INFORMATION

drawings. These two services are available on demand 24
hours a day.

Ordering Information

The following table lists pertinent information needed to
place an order. Consult a Motorola Semiconductor sales office
or authorized distributor to determine availability and to order
parts.

Supply Pin Frequency
Part Voltage Package Type Count (MHz) Order Number
DSP56603 3.0V Plastic Thin Quad Flat Pack 144 60 DSP56603PV60
(TQFP)

Digital Signal Processors
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DSP96002—32-Bit Digital Signal Processors

The DSP96002 has full architecture compatibility with the
16-bit DSP56100 and 24-bit DSP56000 families. The
DSP96002 is the first in a family of 32-bit IEEE floating point
DSP devices. The DSP96002 has two identical memory
expansion ports simplifying network configurations for
multiprocessor and DSP96002 communications. These ports
interface to SRAM, DRAM (operating in their fast access
modes), video RAM, or directly to other processors with Host
Interface logic.

Although designed primarily for image processing, other
proven applications include communications, spectrum
analysis, instrumentation, speech processing, and pattern
recognition.
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PART NUMBERS
Part Description
XC96002RC33 33 MHz in PGA
XC96002RC40 40 MHz in PGA

DSP96002 BENCHMARKS
Benchmark Instruction Cycles
Real
FIR Fiiter with Data Shift 1 per Tap
V=VS+V 2
Lattice Filter with Data Shift 3 per Tap
Cascaded lIR Biquad Filter 4 per Section
Sections (4 coeff.)
1024-point FFT and bit reversal 12880
Complex
V=VV+V 4
FIR Filter with Data Shift 4 per Tap
1024-point FFT and bit reversal 20931
Graphics/Image Processing
Divide (32-bit accuracy) 7
Square Root (32-bit accuracy) 12
Bezier Cubic Evaluation for 13
Font Compilation
[4x4][4x4]=[4x4] 67
DSP96002 Features

* DSP96000 family architecture

— Full IEEE Standard 754 compatible for 32-bit (SP)
and 44-bit (SEP) arithmetic

— 20 MIPS, 50 ns instruction cycle at 40 MHz

— 60 Million Floating Point Operations Per Second
(MFLOPS) at 40 MHz

— Single cycle 32 x 32 — 96-bit Multiply/Accumulate
(MAC)

— Ten 96-bit general purpose data registers

— Zero-overhead nested DO loops

— Two instruction-cycle fast interrupts

— Low-power Wait and Stop modes

— On-Chip Emulation port for unobtrusive, full-speed
debugging

— 4 K byte instruction cache

— Integer mode available

— Single precision mode available

— Timer/Event Counter

DSP96002 peripherals

— Two 32-bit address and data host ports

— Dual channel DMA controller

DSP96002 memories

— 1024 x 32 Program RAM

— 2 x512 x 32 data RAM

— 2 x 512 x 32 data ROM (sine and cosine tables)

Motorola Master Selection Guide
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DSP56ADC16—The Analog-To-Digital Converter

The DSP56ADC16 is a single-chip, linear Analog-to-
Digital (A/D) converter. It is an ideal choice for high-
performance digital audio systems, voice-bandwidth
communication, and control applications. It does not require
antialiasing filters and sample-and-hold circuitry because they
are an inherent part of the sigma-delta technology. The
DSP56ADC16 can be easily interfaced to the DSP56001 and
other host processors using its flexible serial interface.

Key Features

16-bit output resolution at 100 kHz from FIR filter
12-bit output resolution at 400 kHz from Comb filter
96 dB dynamic range

90 dB signal-to-THD ratio

90 dB signal-to-noise ratio

In-band ripple: <0.001 dB

DSP Development Tools

e o o o o o

Application Development Systems

Every member of the Motorola Family of 16-, 24-, and
32-bit DSPs is supported by a multi-component Application
Development System (ADS), which acts as a tool for
designing, debugging, and evaluating real-time DSP target
system equipment. The ADS simplifies evaluation of the
user’s prototype hardware/software product by making all of
the essential timing and I/O circuitry easily accessible. Using
an IBM PC™, Macintosh™ I, a Sun-4™, or Hewlett-Packard
Series 700 as a medium between the user and the DSP
hardware significantly reduces the overall complexity and cost
of development while increasing the capabilities of the
system. With the ADS, DSP programs can be executed in
real-time, single-instruction-traced or multiple-instruction-
stepped, with registers and/or memory block contents
displayed. The ADS is fully compatible with the CLAS
design-in software package for each product and may act as
an accelerator for testing DSP algorithms.

All Application Development Systems offer an On-Chip
Emulation (OnCE™) circuit for unobtrusive, processor speed
independent debugging. The ADS takes full advantage of this
circuit to allow the user non-intrusive control of the target.

General ADS Features

Software—

¢ Single/muitiple stepping through DSP object programs

» Conditional/unconditional software and hardware
breakpoints

¢ Program patching using a single-line assembler/

disassembler

Session and/or command logging for later reference

Loading and saving of files to/from ADM memory

Macro command definition and execution

Display enable/disable of registers and memory

Debug commands which support multiple DSP

development

¢ Hexadecimal/decimal/binary calculator

o Maximum output sample rates:

— FIR filter—100 kHz

— Comb filter—400 kHz

Maximum input sample rate is 6.4 MHz
Maximum internal clock rate is 12.8 MHz

DC stability is 10 bits

Supply voltage is single +5 V (£ 10%)

Supply current is <100 mA

Linear-phase analog front end and internal digital filters
Simple serial interface to host microprocessors
Fully differential inputs

PART NUMBERS

® & o o o o o o

Part Description

DSP56ADC16S 16-bit in Ceramic DIP

* Multiple input/output file access from DSP object programs
¢ On-line help screens for each command and register

Hardware—

* Full speed operation

o Multiple ADM support with programmable ADM
addressing

« Stand-alone operation of ADM after initial development

DSP56156ADS Features

¢ System commands from within ADS user interface
program

* 16 K words of configurable static RAM expandable to
64 K words

DSP56002ADS Features

o Host operating system commands from within ADS user
interface program

* 8 K/32 K words of configurable RAM for DSP56002 code

development

96-pin euro-card connector for accessing all DSP56000/1

pins

* 1 K words of monitor ROM expandable to 4 K words

* Separate connectors for accessing serial or host/DMA
ports

DSP96000ADS Features

o System commands from within ADS user interface
program

* 128 K words of configurable static RAM expandable to
512 K words

* 2 K words of EPROM with sockets expandable to 64 K
words

o Full support of multiple data memory maps

o Two sets of 96-pin connectors provide access to all

DSP96002 pins

2 K words of EPROM with sockets expandable to 16 K

words

Digital Signal Processors
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DSP Development Tools (continued)

PART NUMBERS

Development
Systems

Host Machine

DSP56100ADSA *

IBM PC

DSP56100ADSB

Macintosh 11

DSP56100ADSF *

Sun-4

DSP56100ADSH *

Hewlett-Packard Series 700

DSP96000ADSA *

IBM PC

DSP96000ADSB

Macintosh Ii

DSP96000ADSF *

Sun-4

DSP9Y6000ADSH *

Hewlett-Packard Series 700

DSP56002ADSA *

IBM PC

DSP56002ADSB

Macintosh Il

DSP56002ADSF *

Sun-4

DSP56002ADSH *

Hewlett-Packard Series 700

DSP56004ADSA *

IBM PC

DSP56004ADSB

Macintosh Il

DSP56004ADSF *

Sun-4

DSP56004ADSH *

Hewiett-Packard Series 700

DSP56005ADSA *

1BM PC

DSP56005ADSB

Macintosh Il

DSP56005ADSF *

Sun-4

DSP56005ADSH *

Hewlett-Packard Series 700

DSP56005ADPTR

Adapter Board

DSP56301ADSA *

IBM PC

DSP56301ADSF *

Sun-4

DSP56301ADSH *

Hewlett-Packard Series 700

DSP56002ADM

ADM Board for DSP56002

DSP56004ADM

ADM Board for DSP56004

DSP56156ADM

ADM Board for DSP56156

DSP56166ADM

ADM Board for DSP56166

DSP96000ADM

ADM Board for DSP96000

DSPPCHOST *

PC compatible host board and interface
software

DSPMACHOST

Macintosh Il host board and interface
software

DSPSUN4HOST *

Sun-4 host board and interface software

DSPCOMMAND

16-, 24-, 32-bit Command Converter board
and software

DSP56002EVM

Evaluation board and software for
DSP56002

DSP56007EVM

Evaluation board and software for
DSP56007

DSP56009EVM

Evaluation board and software for
DSP56009

*Supported by Graphical User Interface

Graphical User Interface

For DSP Application Development
Systems and Simulators

A number of Motorola’s DSP development systems and
simulators come with graphical user interface software to
ease working on applications based on our product families.

User Friendly

o GUI works native to three operation systems:

— SunOS

— Windows 3.1

— HPUX

Multiple overlapping windows for the display of debugging

information, command input registers, memory, and

programs

Pull down menus for ease of use:

— Dialog boxes for selecting options of complex
commands

— Tool bar will provide fast access to commonly
performed actions

— Keyboard accelerators will be defined for commonly
executed commands

— Help viewer will be provided for viewing pre-defined
help on selected topics

L]

Debugging Capabilities for C Language and Assembly

« Assembly language symbolic or C Language source code
debugging capabilities

DSP Development Software
Design-In Software Packages

The Simulator/Macro-Assembler/Linker/Librarian software
package is a development system support tool. The Simulator
program imitates the operation of the DSP on a clock-cycle by
clock-cycle basis and gives an accurate measurement of code
execution time. All on-chip peripheral operations, memory and
register updates, and exception processing activities may be
functionally simulated.

The full-featured Macro Cross Assembler translates one or
more source files containing instruction mnemonics,
operands, and assembler directives into a Common Object
File Format (COFF) file, which is directly loadable by the
Simulator. It supports the full instruction set, memory spaces,
and parallel transfer fields of the DSP.

The Linker relocates and links relocatable COFF object
modules from the Assembler to create an absolute load file,
which can be loaded directly into the Simulator. The Librarian
utility will merge separate, relocatable object modules into a
single file, allowing frequently used modules to be grouped for
convenient linking and storing.

The Assembler and Linker now provide support for
assembly language source-level debugging via the Simulator.
Global symbols, symbols local to sections, and even
underscore labels may be referenced with all scoping

Motorola Master Selection Guide
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constructs intact. In addition, the assembler generates
information about included files and macros. The assembler
and linker also support numbered counters ranging from 0 to

PART NUMBERS

GNU C Compiler

Host Machine

DSP56100 Family

65535.
DSP561CCCA IBM PC
PART NUMBERS DSP561CCCF Sun-4
Simulator/Assembler/ DSP561CCCH Hewlett-Packard Series 700
Linker/Library Host Machine
DSP56000 Family
DSP56100CLASA * IBM PC
: DSP56KCCA IBM PC
DSP56100CLASB Macintosh Il (consult factory) DSPSOKGOE Sond
DSP56100CLASF * | Sun-4 > u :
DSP56100CLASH * Hewlett-Packard Series 700 DSPSEKCCH Hewlett-Packard Series 700
DSP56000CLASA * IBM PC DSP53000 Family
DSP56000CLASB Macintosh Il (consult factory) DSP563CCA IBM PC
DSP56000CLASF * Sun-4 DSP563CCF Sun-4
DSP56000CLASH * Hewlett-Packard Series 700 DSP563CCH Hewlett-Packard Series 700
DSP56300CLASA * IBM PC DSP96000 Family
DSP56300CLASF * Sun-4 DSP96KCCA IBM PC
DSP56300CLASH * Hewlett-Packard Series 700 DSP96KCCF Sun-4
DSP96000CLASA * 1BM PC DSP96KCCH Hewlett-Packard Series 700
DSP96000CLASB Macintosh Il (consult factory)
DSP96000CLASF * Sun-4 C Compller Upgrades
DSP9B00OCLASH * Hewlett-Packard Series 700 Registered users of the earlier versions of the Motorola

*Supported by Graphical User Interface

C Compiler Packages

A full ANSI C compliant compiler, based on GNU
technology, provides higher efficiency and implements more
than twenty major optimization techniques. It has improved
in-line assembly capability and an ANSI C preprocessor. The
package includes the C Compiler, a new COFF Assembler,
Linker, complete ANSI C Libraries, and a new C source level
debugger as well as expanded user’s reference manual. The
software package is available for various host computers
listed.

DSP C compiler can upgrade to the latest GNU C compiler for
$120. To order, contact a Motorola sales representative or
distributor. Have your registration number ready.

PART NUMBERS

[ GNucCCompiler |
DSP56000 Family

DSP56KCCAJ IBM PC
DSP56KCCFJ Sun-4

Host Machine

Digital Signal Processors
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The M68000 Family

. . . the Upward Compatible 8-/16-/32-Bit Microprocessor Family

In Brief ...

An MPU For All Functions

To designers of the most advanced microcomputer
systems, the Motorola M68000 Family of microprocessors
needs no introduction. Products based on its members have
become the standard for systems utilizing the UNIX
operating system and for CAD/CAM engineering
workstations. They are invading the next generation designs
of personal computers and color graphics systems, and they
find widespread implementation in multi-user/multi~tasking
applications and in small business systems. M68000 MPUs
are found in the leading products in fault-tolerant systems
requiring high performance and parallel processing, and
they are the preferred components for artificial intelligence
engines requiring large linear addressing capabilities.
Control applications include graphics, numerical controllers,
robotics, telecommunications switching and PBX voice/data
transmission.

Upward Compatibility

The M68000 MPU Family consists of a line of processors
based on a 32-bit flexible register set, a large linear address
space, a simple yet powerful instruction set and flexible
addressing modes. The internal architecture of the 8-, 16—, and
32-bit MPU versions, and the common instruction set, provide
software compatibility and offer an easy upward migration path
for products requiring increasing levels of processing power.

A Host of Peripherals

A large selection of full-function peripheral chips
complements the processor family. Compatible LSI and VLSI
chips for memory management, data communications, DMA
control, network control, system interfacing, general /O and
graphics, all simplify system design and reduce design and
manufacturing cost while improving system performance.
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Microprocessors

The 68K Family of Microprocessors has revolutionized virtually every segment of the electronic industry. They have set the
standard for performance while still maintaining binary software compatibility from generation to generation. The combination of
low cost and high performance (measured in $/system MIPS) makes every member of the Family a price performance leader. The
M68000 Family provides the widest range of price and performance with choices from 1.6 MIPS to over 100 MIPS.

Table 1.
68000 68020 68030 68040 68060
MIPS 1.6 5.5 12 35 100
MFLOPS - 0.25 0.5 3.5 12
Address Range 16M Byte 4G Byte 4G Byte 4G Byte 4G Byte
Data Bus 16 bit 32 bit 32 bit 32 bit 32 bit
Clock Speed (MHz) 8-16 16-33 16-50 25-40 50-66
Instruction Cache - 256 Byte 256 Byte 4K Byte 8K
Data Cache - - 256 Byte 4K Byte 8K
Burst Mode - - 16 Byte R 16 Byte R'W 16 Byte R'W
General Purpose Registers 16 16 16 16 16
Address Modes 14 18 18 18 18
On—Chip MMU No No Yes Yes* Yes*
Floating—Point Solution 68881 68882 68882 On-Chip On—Chip
*Separate Instruction/Data
INTEGER UNIT
INSTRUCTION FETCH CONTROLLER
G [N
BRANCH |_GENERATE INSTRUCTION :> INSTRUCTION
INSTRUCTION AT ACHE
CACHE :> FETCH < ohe ‘ INSTRUCTION
EARLY it it C: ADDRESS
DECODE INSTRUCTION <:>
CACHE CONTROLLER B
| INSTRUCTION I u
BUFFER S
I L 11
] 1 | | c
\ 7 0 DATA
N ADDRESS
FLOATING= DECODE DECODE T
POINT EA EA R <:>
UNIT GENERATE GENERATE <: DATA 0
EA EA EA L
FETCH FETCH FETCH CACHE CONTROLLER L
R T m =Y T K ¢
EXECUTE EXECUTE EXECUTE R
DATA DATA
I INSTRUCTION EXECUTION CONTROLLER :>
{/ ! ! ! ! ATC CACHE CONTROL
DATA AVAILABLE <:>
WRITE-BACK i

OPERAND END BUS

Figure 1. MC68060 Block Diagram
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MC68060
Superscalar 32-Bit Microprocessor

The MC68060 is fully compatible with all previous
members of the M68000 family. The MC68060 features dual
on—chip caches, fully independent demand-paged memory
management units (MMUs) for both instructions and data,
dual integer execution pipelines, on—chip floating—point unit
(FPU) and a branch target cache. A high degree of instruction
execution parallelism is achieved through the use of a full
internal Harvard architecture, multiple internal buses,
independent execution units, and dual instruction issue within
the instruction controller. Power management is also a key
part of the MC68060 architecture. The MC68060 offers a
low—power mode of operation that is accessed through the
LPSTORP instruction, allowing for full power—down capability.
The MC68060 design is fully static so that when circuits are
notin use, they do not draw power. Each unit can be disabled
so that power is used only when the unit is enabled and
executing an instruction.

Complete code compatibility with the M68000 family allows
the designer to draw on existing code and past experience to
bring products to market quickly. There is also a broad base
of established development tools, including real-time kernels,
operating systems, languages and applications, to assist in
product design. The functionality provided by the MC68060
makes it the ideal choice for a range of high—performance
computing applications as well as many portable applications
that require low power and high performance.

MC68040
Third-Generation 32-Bit
Microprocessor

The MC68040 is Motorola’s third generation of M68000—
compatible, high—performance, 32-bit microprocessors. The
MC68040 is a virtual memory microprocessor employing
multiple, concurrent execution units and a highly integrated
architecture to provide very high performance in a monolithic
HCMOS device. On a single chip, the MC68040 integrates an
MC68030-compatible integer unit, an IEEE 754—compatible
floating—point unit (FPU), and fully independent instruction
and data demand-paged memory management units
(MMUs), including independent 4K—byte instruction and data
caches. A high degree of instruction execution parallelism is
achieved through the use of multiple independent execution
pipelines, multiple internal buses, and a full internal Harvard
architecture, including separate physical caches for both
instruction and data accesses. The MC68040 also directly
supports cache coherency in multimaster applications with
dedicated on—chip bus snooping logic.

The MC68040 is an enhanced, 32-bit, HCMOS
microprocessor that combines the integer unit processing
capabilities of the MC68030 microprocessor with independent
4K-byte data and instruction caches and an on—chip FPU.
The MC68040 maintains the 32-bit registers available with
the entire M68000 Family as well as the 32-bit address and
data paths, rich instruction set, and versatile addressing
modes. Instruction execution proceeds in parallel with
accesses to the internal caches, MMU operations, and bus

controller activity. Additionally, the integer unit is optimized for
high-level language environments. The MC68040 is
user—object—code compatible with previous members of the
M68000 Family and is specifically optimized to reduce the
execution time of compiler—generated code. The MC68040 is
implemented in Motorola’s latest HCMOS technology,
providing an ideal balance between speed, power, and
physical device size.

Instruction execution is pipelined in both the integer unit
and FPU. Independent data and instruction MMUs control the
main caches and the address translation caches (ATCs). The
ATCs speed up logical-to—physical address translations by
storing recently used translations. The bus snooper circuit
ensures cache coherency in multimaster and multiprocessing
applications. The MC68040 FPU is user—object—code
compatible with the MC68882 floating—point coprocessor.
The FPU has been optimized to execute the most commonly
used subset of the MC68882 instruction set, and includes
additional  instruction  formats  for  single—- and
double—precision rounding of results.

The MMUs support multiprocessing, virtual memory
systems by translating logical addresses to physical
addresses using translation tables stored in memory. Each
MMU has two transparent translation registers available that
define a one~to—one mapping for address space segments
ranging in size from 16 Mbytes to 4 Gbytes each. The
instruction and data caches operate independently from the
rest of the machine, storing information for fast access by the
execution units. Each cache resides on its own internal
address bus and internal data bus, allowing simultaneous
access to both. The data cache provides writethrough or
copyback write modes that can be configured on a
page-by—-page basis.

The MC68040 bus controller supports a high—speed,
nonmultiplexed, synchronous external bus interface, which
allows the following transfer sizes: byte, word (2 bytes), long
word (4 bytes), and line (16 bytes). Line accesses are
performed using burst transfers for both reads and writes to
provide high data transfer rates.

MC68030
The Second Generation 32-Bit MPU

The 030 started with a high performance 020 core and
added many performance improvement features including
increased internal parallelism, dual on—chip caches with a
burst fillable mode, dual internal data and address buses,
improved bus interface, and on-chip paged memory
management unit.

Two independent 32-bit address buses and two 32-bit
data buses allow the CPU, caches, MMU, and the bus
controller to operate in parallel, so the 030 can, for example,
simultaneously access an instruction from the instruction
cache, data from the data cache and instruction/data from
external memory.

Performance is further enhanced by on—chip instruction
and data caches. Separate 256-byte data and instruction
caches reduce the access time and increase CPU throughput
by providing data and instructions on—chip.
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MC68030 (continued)

Overall bus requirements are reduced and multiple
processors can run more efficiently thanks to increased
bandwidth of the 030 bus, achieved by the enhanced bus
controller allowing high speed fills of both data and instruction
caches.

The on—chip paged memory management unit translates
logical address to the corresponding physical address in 1/2
the time required by the 020 and MC68851 Paged Memory
Management Unit. Pipelining permits this translation to be
performed in parallel with other functions so that no translation
time is added to any bus cycle.

MC68020

The Original 32-Bit Performance

Standard

The MC68020, oh twenty, is the industry’s leading 32-bit
microprocessor because of high performance, architecture,
ease of design—in, and long-range compatible growth path.

The 020 has a full 32-bit internal and 32-bit external,
regular, symmetrical architecture designed with the customer
in mind. It offers all the functionality of the other M68000
Family MPUs, and maintains software user—code
compatibility which controls the expense of your product
migration.

Programmers appreciate the large general purpose
register set, simple yet powerful instruction set and the many
flexible M68000 addressing modes. The unique on—chip
instruction cache helps provide burst-mode operation to 12.5
MIPS.

The 020 is the proven leader in high performance systems
in office automation, engineering workstations, fault tolerant
computers, parallel processors, telephone switching systems,
and intelligent controllers.

MC68010

A Virtual Memory Enhancement

The MC68010 offers the advantage of Virtual Memory. A
high—speed loop mode operation executes tight software
loops faster to enhance performance. Its instruction
continuation feature has made it the choice for fault—tolerant
and parallel processing systems. The MC68010 can support
a governing operating system which handles the supervisory
chores of any number of subordinate operating systems.

MC68HC000

A Micropower Alternative

HCMOS design gives the MC68HCO00 all the functions
and performance of its MC68000 predecessors . . . at
one-tenth of the operating power requirements. With a
maximum power dissipation of only 0.175 watts, the
MCB8HC000 is ideal for high—performance computer
peripherals, industrial controllers, instrumentation and
communications equipment.

MC68HCO001

Low Power HCMOS 8-/16-/32-Bit
Microprocessor

The MC68HCO001 provides a functional extension of the
MC68HC000 HCMOS 16-/32-bit microprocessor with the
addition of statically selectable 8- or 16-bit data bus
operation. The MC68HCO001 is object—code compatible with
the MC68HCO000, and code written for the MC68HCO001 can
be migrated without modification to any member of the
M68000 Family. This is possible because the user
programming model is identical for all members of the M68000
Family and the instruction sets are proper subsets for the
complete architecture.

MC68000
The 16-Bit Foundations

As the first member of the M68000 family, the state—
of-the~—art technology and advance circuit design concepts
of the MC68000 16-bit MPU started a new trend in
microprocessor architecture. Its seventeen 32-bit data and
address registers permit rapid internal execution of its
powerful yet simple instruction set. It is designed for large
multiprocessing systems and realtime applications with
vectored interrupts, seven priority levelsand a 16 megabyte
linear addressing space. It offers mainframe—like performance,
supporting high-level languages and sophisticated operating
systems.

The MC68000 MPU has been joined by more advanced
products with even greater capabilities, yet it satisfies a large
segment of the existing applications. It is extremely cost
competitive and it remains one of the major growth products
in the entire MPU line.

MC68008
An 8-Bit Compatible Competitor

With an 8-bit data bus and 32-bit internal architecture, the
MC68008 offers performance that competes with a number of
16-bit MPUs. It has the same register set, same instructions,
and the same functionality as the MC68000 with extensive
exception processing. Large modular programs can be
developed and executed efficiently because of the large,
1-megabit non—segmented, linear address space. It is the
choice for high performance, cost effective, 8-bit designs,
particularly those requiring a migration path to 16-bit or full
32-bit operation.

The M68000 Family
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Embedded Controllers

The principle elements of this popular microprocessor family have now been redesigned specifically for embedded applications.
The new 68ECO0x0 family including the 68EC000, EC020, EC030 and EC040 MPUs are all optimized for cost—sensitive embedded
control designs. The 68ECOx0 family offers the high performance of the 680x0 family, yet streamlines the feature sets for
embedded applications. The 6BECOx0 family completes the triad forming the M68000 family of compatible products: the 680x0
family of computer—class central processing units; the 68300 family of integrated processors; and now, the 6BECOx0 family of

embedded microprocessors.

Table 2.
68EC000 68EC020 68EC030 68EC040/ 68040V 68EC060/
LCo040 LCO060
MIPS 25 6.5 10.7 44 44 100
Address Range 16M Byte 16M Byte 4G Byte 4G Byte 4G Byte 46
Data Bus 16 bit 32 bit 32 bit 32 bit 32 bit 32 bit
Clock Speeds 8,10,12, 16 16, 25 MHz 25, 40, 50 MHz 20, 25, 33, 40 25, 33, 40 MHz 50, 60 MHz
MHz MHz

Instruction Cache - 256 Byte 256 Byte 4K Byte 4K Byte 8K Byte
Data Cache - - 256 Byte 4K Byte 4K Byte 8K Byte
Burst Fill Caches - - 16 Bytes 16 Bytes 16 Bytes 16 Bytes
General Purpose 16 16 16 16 16 16
Registers
Address Modes 14 18 18 18 18 18
Floating Point Hardware 68881/68882 68881/68882 68881/68882 None None None
Packages PLCC PPGA, PQFP PPGA, CQFP PGA, CQFP PGA, CQFP PGA, CQFP

MC68EC/LCO060
32-Bit High—Performance
Embedded Controller

The 68EC060 is the newest addition to Motorola’s
embedded microprocessor family. Itis the performance leader
for top of the line embedded applications. The 6BEC/LC060
offers 100 MIPS performance while maintaining complete
backward compatibility with the 680x0 family. The 68LC060
offers a paged memory management unit while the 68EC060
has been optimized for embedded systems requiring lower—
cost performance.

MC68EC040
32-Bit High—Performance

Embedded Controller

The EC040 is capable of delivering 44 MIPS of sustained
performance with a system cost that is unattainable by
competing architectures. The LC040 offers all the features of
the EC040 plus adds a paged memory management unit
allowing more sophisticated operating systems features,
including better memory protection.

This impressive performance is a result of a six—level
pipelined integer unit, independent four-way set-associative
instruction and data caches, and a very high level of on—chip
parallelism. The EC040 also supports multimaster and
multiprocessor systems with bus snooping.

By integrating all these features into the ECO040, the
microprocessor is able to perform the vast majority of work
on—chip, limiting external memory accesses to allow for higher
system performance with less expensive DRAMs. The result
is virtual immunity to the effects of memory wait states.

MC68040V
Low-Power 32-Bit Embedded

Controller

The 68040V is a low—power version of the MC68LC040.
Using advanced static design techniques and 3.3 Volt supply,
this part offers all the performance and features of the LC040,
but requires much less power. The 040V instruction set is fully
040 compatible, but adds a low—power STOP instruction to
allow for software power—down of the processor to save
power.

Motorola Master Selection Guide

2.2-5

The M68000 Family



Embedded Controllers (continued)

MC68EC030

32-Bit Enhanced Embedded
Controller

The MC68ECO030 is a 32-bit embedded controller that
streamlines the functionality of an MC68030 for the
requirements of embedded control applications. The
MC68EC030 is optimized to maintain performance while
using cost—effective memory subsystems. The rich instruction
set and addressing mode capabilities of the MC68020,
MC68030, and MC68040 have been maintained, allowing a
clear migration path for M68000 systems. The MC68EC030
is object—code compatible with the MC68020, MC68030, and
earlier M68000 microprocessors. Burst-mode bus interface is
provided for efficient DRAM access.

The MC68EC030 has an on—chip data cache and on—chip
instruction cache with 256 bytes each. Dynamic bus sizing is
available for direct interfacing to 8-, 16—, and 32—-Bit Devices.
The MC68EC030 includes 32—bit nonmultiplexed address
and data buses, sixteen 32-bit general-purpose data and
address registers, and two 32—bit supervisor stack pointers
and eight special-purpose control registers. The EC030
provides complete support for coprocessors with the M68000
coprocessor interface. There are two access control registers
that allow blocks to be defined for cacheability protection. The
pipelined architecture, along with increased parallelism,
allows internal caches accesses in parallel with bus transfers
and overlapped instruction execution. The enhanced bus
controller supports asynchronous bus cycles (three clocks
minimum), synchronous bus cycles (two clocks minimum),
and burst data transfers (one clock).

MC68EC020
32-Bit Embedded Controlier

The 68EC020, with a complete 32-bit internal
implementation, has a 32-bit data bus and an on—chip instruction
cache to provide dramatically increased performance over 8—
and 16-bit microprocessors. In addition, upward migration to
the EC020 is made simple with dynamic bus sizing, allowing
8, 16 and 32-bit peripherals to communicate with the
microprocessor.

Other performance features include advanced bit
manipulation capabilities that provide multiple bit shift operations
in a single instruction cycle. This capability greatly simplifies
and accelerates the bit operations required in graphics
processing and optical recognition applications.

MC68EC000
Low-Powered HCMOS
Embedded Controller

The 68ECO000 is a low—power HCMOS derivative of the
68000 optimized for cost—effective embedded processing.
The EC000 has a flexible data bus that can operate in either
8-or 16—bitmodes and a 24-bit address bus that provides
16 Mbytes of memory addressing capability. Electrical
characteristics of the 68EC000 have been optimized to
ensure easy access to low—cost memories.

The 68EC000 represents the lowest cost entry point to any
32-bit architecture. Coupled with efficient support for
high—-level languages and real-time operating systems, the
68EC000 provides unparalleled compatible migration paths to
higher performance.

The M68000 Family

2.2-6

Motorola Master Selection Guide



Integrated Processors

Powerful solutions to cost—, space—, and power—sensitive
embedded applications are provided by the 68300 family of
integrated microprocessors and microcontrollers. The 68300
family combines two of Motorola’s greatest strengths — the
32-bit microprocessor architecture of the 68000 family and a
proliferation of peripheral circuits offering a growing family of
integrated solutions.

The 68000 family is based on a proven, expandable
architecture that spans the performance range from 1 to over
29 MIPS. This architecture offers the industry’s highest level
of compatibility for both hardware and software. Motorola’s
single—chip microcomputers and microcontrollers provide the
industry’s broadest selection of peripheral combinations,
insurance that one will fit the need of practically any
application. The 68300 family embraces both of these
concepts.

Table 3.

Each member of the 68300 family contains a core
processor based on the 68000 family, a System Integration
Module (SIM), an on-chip bus and various peripheral
modules. The SIMs include support circuitry such as clock
generation, external chip selects, system protection, timers
and JTAG. The on-chip intermodule bus (IMB) on the
CPU32-based 68300s creates a standard interface over
which the CPU and each of the modules communicate. The
peripheral modules include specialized processors, system
controllers, traditional peripherals and memory. Because the
peripheral modules are independent from each other, they can
appear in multiple 68300 devices. With so many major
features incorporated into a single 68300 device, a system
designer can realize improved reliability along with significant
savings in design time, power consumption, cost, board
space, pin count and program development. In a 68300
device, the major functions and glue logic are all properly
connected, internally timed with the same fast clock, fully
tested and consistently documented.

68302 68306 68330 68331 68332

68333 68334 68340 68307 68322 68328

Core Processor 68000 68EC00 CPU32 CPU32 CPU32

CPU32 CPU32 CPU32 EC000 EC000 ECO000

Speeds (MHz) 16,20 16,20 16,25 16 16

16 16 16,25 16 16,20 -

DMA Yes - - - -

- - Yes - Yes -

Serial Yes - - - -
Processor

Time Processor - - - - Yes
Unit

Yes Yes - - - -

Flash EEPROM - - - - -

64K - - - - -

Serial I/0 Yes Yes - Yes Yes

Yes - Yes Yes - Yes

Timers 1 - - 1 -

A/D Converter - - - - -

Yes Yes - - - -

SRAM 1K - - - 2K

4K 1K - - - -

DRAM - Yes - - -
Controller

Glue Logic Yes Yes Yes Yes Yes
(SIM)

Yes Yes Yes Yes Yes Yes

3.3 Volts - - - - -
Available

- - Yes Yes - Yes

Graphic - - - - -
Processor

- - - No Yes No
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Integrated Processors (continued)

MC68302

Integrated Multiprotocol Processor

The MC68302 integrated multiprotocol processor (IMP) is
a very large—scale integration (VLSI) device incorporating the
main building blocks needed for the design of a wide variety
of controllers used in the communications industry. The IMP
is the first device to offer the benefits of a closely coupled,
industry—standard M68000/MC68008 microprocessor core
and a flexible communications architecture. The
three—channel communications device may be configured to
support a number of popular industry interfaces, including
those for the Integrated Services Digital Network (ISDN) basic
rate and terminal adaptor applications. Through a
combination of architectural and programmable features
concurrent operation of different protocols (HDLC/SDLC™,
UART, BISYNC, DDCMP™, or transparent modes) can easily
be achieved. Data concentrators, modems, line cards,
bridges, and gateways are examples of suitable applications
for this device.

The IMP is a Complementary Metal-Oxide Semiconductor
(CMOS) device consisting of an M68000/MC68008
microprocessor core, a system integration block (SIB), and a
Communications Processor (CP). By integrating the
microprocessor core with the serial ports (in the CP) and the
system peripherals (in the SIB), the IMP is capable of handling
complex tasks such as all ISDN basic rate (2B+D) access
tasks.

MC68306
Integrated 68EC000 Processor

The 68306 integrated EC0O00 processor includes many of
the features commonly found in 68000-based designs. The
68306 includes a 68EC000 core processor, a 68681 Dual
Universal Asynchronous Receiver Transmitter (DUART),
system integration functions, and a DRAM controller. The
on-chip DRAM controller gives the 68306 the family's
simplest interface to DRAM-based designs. The DRAM
controller easily accommodates 64 Mbytes of memory. The
68306 saves time in the design cycle by providing valuable
68000 system components pre—packaged in one chip.

MC68307
Integrated EC000 Processor

The 68307 is an integrated processor combining a static
ECO000 processor with multiple inter—chip bus interfaces. The
68307 is designed to provide optimal integration and
performance for applications such as digital cordless
telephones, portable measuring equipment, and POS
terminals. By providing 3.3 V, static operation in a small

package, the 68307 delivers cost effective performance to
handheld battery—powered applications.

MC68322

Integrated EC000 Printer Processor

The 68322 is a high—performance integrated printer
processor that combines a 68EC000 core, a RISC graphics
processor, a print engine video controller and numerous
system integration features on a single integrated circuit. It is
the first of Motorola’s M68000 family designed specifically for
pinters. The 68322 provides a unique solution for new designs
as well as an excellent migration path for existing
M68000—powered printers.

MC68328
Integrated EC000 Processor

The 68328 processor provides key features that are
suitable for many portable applications. Modules like a
real-time clock, LCD controller, pulse-width modulator,
timers, master and slave serial peripheral interface, UART
and system integration give the engineer more flexibility and
resource to design efficient and innovative products.

MC68330
Integrated CPU32 Processor

The 68330 is ideal for applications requiring 32-bit
microprocessor performance without the additional expense
inherent in 32-bit memory systems. The 68330 is the simplest
and lowest priced member of the CPU32-based 68300 family.
The 68330 allows the designer access to the high
performance of the CPU32 along with minimized external glue
logic, while allowing the greatest freedom in selecting needed
peripherals, ASICs or gate arrays.

MC68331
32-Bit Microcontroller

The 68331 is well suited to applications requiring simple
serial communications and general timing needs. The 68331
contains the CPU32, a SIM, a General Purpose Timer (GPT)
and a Queued Serial Module (QSM). The general purpose
timer is a simple yet flexible timer that provides four modes of
operation with multiple channels for some operations. The
QSM provides two modes of communication: an
asynchronous channel that provides up to 524-Kbits per
second transfer rate and a serial peripheral interface with
separate 16—word receive/transmit queues.

The M68000 Family
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MC68332

32-Bit Microcontroller

The 68332 is especially suited for high—performance timing
applications such as automotive engine control, precision
motor control and industrial robotics. The powerful Time
Processor Unit (TPU) distinguishes the 68332 providing
optimum performance in controlling time-related activity. It
drastically reduces the need for CPU intervention with its
dedicated execution unit, tri-level prioritized scheduler, data
storage RAM and dual time bases. In addition to the TPU and
CPU32, the 68332 features the QSM, a SIM and 2-Kbytes of
standby static RAM.

MC68F333

32-Bit Microcontroller

The 68F333 provides the highest level of integration
available to high—performance timing applications such as
avionics and automotive engine control. The 68F333 contains
the CPU32, the TPU and the QSM. It also adds two banks of
flash EEPROM totaling 64—Kbytes, a total of 4-Kbytes of
SRAM (512 bytes separately powered) and an 8—channel,
10-bit analog-to—digital converter. The Single—Chip
Integration Module (SCIM) allows 18 of the external address
and data pins to be converted to I/O pins, resulting in a
single—chip solution suitable for many applications.

MC68334

32-Bit Microcontroller

The 68334 is a streamlined version of the 68332, taking
advantage of the powerful TPU. The 68334 includes the
CPU32 core processor, the TPU, a SIM, 1-Kbyte of SRAM, a
10-bit analog—to—digital converter and up to 47 discrete /O
lines.

MC68340

Integrated Multiprotocol Processor
with DMA

The 68340 is excellent for applications requiring
high—speed or block data transfers, such as disk drives and
navigation systems. The combination of general peripherals
and the extremely low power consumption possibilities of the
68340 make it ideal for many battery powered, portable
applications such as hand held computers and data
acquisition systems.

The most distinguishing 68340 feature is the high speed
two channel, 32-bit Direct Memory Access (DMA) controller.
Incorporating the CPU32 and DMA on the same chip
eliminates the usual bus arbitration and synchronization
delays, maximizing data throughout (25—-Mbytes per second
on a 16-bit bus).

In addition to the CPU32, a SIM and the DMA, the 68340
contains a 68681/2681-compatible DUART. The 68340 also
has two identical, versatile counter/timers, each with a 16-bit
counter and an 8-bit prescaler with 80 ns resolution.
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Coprocessors

MC68851
Paged Memory Management Unit,
PMMU

The PMMU is a 32-bit memory manager which provides
full support for a demand paged virtual environment with the
68010 or MC68020. It supports a 4-gigabyte addressing
space when used as a coprocessor with the MC68020. An
on—chip address translation cache minimizes translation
delays and maximizes system performance.

MC68881
A Floating Point Coprocessor

Designed specifically for arithmetic expansion of the
MC68020 MPUI, this powerful coprocessor can also be used
as a peripheral to all other M68000 family members, and with
non—-M68000 processors as well. It performs floating point
math calculations in strict conformance to a fullimplementation
of the IEEE Standard for Binary Floating Point Arithmetic (754)
and, in addition to the basic add, subtract, multiply, and divide
functions, it handles full selection of transcendental and
non-transcendental operations. These operations include
root values, trigonometric functions, exponentials,
hyperbolics, and logs. All functions are calculated to 80 bits of
extended precision in hardware.

MC68882

Enhanced Floating Point
Coprocessor

The MC68882 is pin—to—pin hardware and software
compatible with the MC68881 Floating Point Coprocessor and
implements a variety of performance enhancements including
dual-ported registers and an advanced pipeline. Additional
circuitry allows execution of multiple instructions in parallel for
more than twice the Floating Point performance of the
trail-blazing MC68881. Where higher performance
requirements indicate, the MC68882 is a drop—in replacement
for the MC68881.

DMA Controllers

MC68450
DMA Controller, DMAC

The DMAC maintains high—performance data movement
for complex M68000 MPU-based systems. While pin
compatible with the MC68440 DDMA, the DMAC offers four
completely independent DMA channels. In addition to all the

features of the DDMA, the DMAC also provides very
sophisticated manipulation of data through sequential and
linked array—chained addressing capabilities.

MC68440
Dual Direct Memory Access
Controller, DDMA

The DDMA complements the performance capabilities of
M68000 microprocessors by moving blocks of data in a quick,
efficient manner with a minimum of intervention from the MPU.
The DDMA performs memory-to—memory, peripheral-to—
memory, and memory-to—peripheral transfers through each
of two completely independent DMA channels. The DDMA
also offers two interrupt vectors per channel and supports both
8-bit and 16-bit data transfers.

Network Devices

MC68824
Token Bus Controller, TBC

The TBC is the industry’s first single—chip VLSI device to
implement the IEEE 802.4 Media Access Control Sublayer of
the ISO Data Link Layer, as specified by General Motors
Manufacturing Automation Protocol, MAP. The TBC supports
serial data rates of 1, 5, and 10 Mbps and relieves the host
processor of the frame formatting and token management
functions. For efficient transfer of data frames, to and from
memory, the TBC features an on—chip four—channel DMA with
bus master capability, a 32-bit address range, an 8- or 16-bit
data bus, and a 40-byte FIFO. The MC68824 also offers
support options for network bridges, real-time support and
network monitoring services.

MC68184

Broadband Interface Controller

The MC68184 Broadband Interface Controller (BIC) is a
high—performance interface device for use with the MC68824
Token Bus Controller (TBC) to implement the digital portion of
the physical layer of a broadband IEEE 802.4 token bus node.
The BIC manipulates both data and control for RF transmitter
circuitry and RF receiver circuitry. The CMOS BIC supports
data rates up to 10 Mbps using a duo-binary modulation
technique and provides 20 lines for receiver/transmitter
control with 13 user—defined outputs.

The BIC performs the digital functions of the physical layer
when implementing a broadband token bus node. The modem
side of the BIC provides data and control for the RF
transmitter/receiver circuitry. A standard serial interface is
used to connect the BIC to the MC68824 TBC. The TBC
performs the media access control (MAC) function. The
MC68184 has the ability to scramble and descramble data.
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Network Devices: (continued)

MC68185
Twisted—Pair Modem

The MC68185 Twisted—Pair Modem (TPM) is used in
conjunction with a MC68824 Token Bus Controller (TBC), an
RS485 transceiver, and a twisted—pair media to implement a
low—cost area network (LAN). The MC68824 TBC implements
the layer 2 media access control (MAC) portion of the IEEE
802.4 LAN station and receiver portion for the |IEEE 802.2
logical link control (LLC) type 3 as well as providing support for
LLC type 1 and type 2. The TPM interfaces directly to the TBC,
providing physical layer management, including MAC symbol
encoding/decoding at data rates up to 2 Mbps.

The TPM contains an 32 kHz to 20 MHz on—chip crystal
oscillator that generates a transmit clock without external
circuitry. The physical layer management includes local
loopback mode, transmitter enable, and reset. An on—chip
digital filter provides for noise reduction of received data.

MC68194

Carrierband Modem

The bipolar LSI MC68194 Carrierband Modem (CBM),
when combined with the MC68824 Token Bus Controller
(TBC), provides an |EEE 802.4 single—channel,
phase—coherent carrierband, Local Area Network (LAN)
connection. The CBM performs the physical layer function,
including symbol encoding/decoding, signal transmission and
reception, and physical management.

The CBM provides the three basic functions of the physical
layer: data transmission to the coaxial cable, data reception
from the cable, and management of the physical layer. For
standard data mode (also called MAC mode), the CBM
receives a serial transmit data stream from the TBC (called
symbols or atomic symbols), encodes, modulates the carrier,
and transmits the signal to the coaxial cable. Also in the data
mode, the CBM receives a signal from the cable, demodulates
the signal, recovers the data, and sends the received data
symbols to the TBC. End-of—transmission receiver blanking
as required by IEEE 802.4 is supported. Communication
between the TBC and CBM is through a standardized serial
interface consistent with the IEEE 802.4 DTE-DCE interface.

MC68195
Local Talk Adaptor

The MC68195 LocalTalk adaptor (LA) is used in
conjunction with the MC68302 Integrated Multiprotocol
Processor (IMP) to build a network interface to LocalTalk™,
also known as AppleTalk™. LocalTalk refers to the 230.4—kbps
Local Area Network (LAN) that connects multiple Macintosh™
computers and printers.

The LA provides LocalTalk support for any two of the three
IMP serial channels. Combinations of multiple LA and/or IMP
devices may be used to support additional LocalTalk
channels. Non-LocalTalk applications can use the LA device
with the IMP to build proprietary HDLC—based LANSs at up to
2.5 Mbps using bi—phase space (FMO) encoding.

MC68605

X.25 Protocol Controller, XPC

The XPC implements the 1984 CCITT X.25
Recommendation Data Link Procedure (level 2) LAPB. In
addition to handling the lower level communications functions
(HDLC framing, CRC generation/checking, and zero
insertion/deletion), the XPC also independently handles
higher level communications functions (frame sequencing,
retransmission, flow control, retries limit and timeout
conditions). This allows the host to operate almost totally
isolated from the task of ensuring error—free transmission and
reception of data.

MC68606

Multi-Link LAPD Controller CCITT
Q.920/Q.921, LAPD

The MC68606 Multi-link LAPD (MLAPD) Protocol
Controller fully implements CCITT Recommendation
Q.920/Q.921 Link Layer Access Procedure (LAPD) protocol
for ISDN networks. The MLAPD is designed to handle both
signalling and data links in high—performance ISDN primary
rate applications.

This VLSI device provides a cost—effective solution to
ISDN link—level processing with simultaneous support for up
to 8K logical links. The MC68606 is an intelligent
communications protocol controller compatible with AT&T
specifications for ISDN devices and features low power
consumption and high performance, with an aggregate data
rate in excess of 2.048 Mbps.
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Data Communication Devices

MC68HC681
MC68HC2681

Dual Universal Asynchronous
Receiver/Transmitter, DUART

The MC68HC681 features two completely independent
full-duplex asynchronous receiver/transmitter channels that
interface directly to the M68000 microprocessor bus.
Receiver data registers are quadruple buffered and
transmitter data registers are double buffered for minimum
MPU intervention. Each has its own independently selectable
baud rate. Multifunction 6-bit input port and 8—bit output port,
a 16-bit programmable counter/timer, interrupt handling
capabilities, and a maximum one-megabyte per second
transfer rate make the DUART an extremely powerful device
for complex data communication applications. Full device
functionality with an M6800 bus interface is provided by the
MC68HC2681.

General Purpose /O

MC68230
Parallel Interface/Timer, PI/T

The PI/T provides versatile double—buffered parallel
interfaces and a system—oriented timer for M68000 systems.
The parallel interfaces operate either in a unidirectional or
bidirectional mode, either 8— or 16-bit wide. The timer is 24
bits with full programmability and a 5-bit prescaler. The PI/T
has a complete M68000 bus interface and is fully compatible
with the MC68450 DMAC.

MC68HC901
Multifunction Peripheral, MFP

The MFP provides basic microcomputer function
requirements as a single companion chip to the M68000
Family of Microprocessors. Features provided via a direct
M68000 system bus interface include a full-function,
single—channel Universal Serial Asynchronous
Receiver/Transmitter (USART) for data communication, an
8-source interrupt controller, eight parallel I/O lines, and four
8-bit timers.

The M68000 Family
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Fiber Distributed
Data Interface

Fiber Distributed Data Interface (FDDI) is defined as a dual
fiber—optic token ring LAN (Local Area Network) that can
support rates up to 100 Mbps. It can accommaodate rings with
1,000 stations. Two kilometers between stations, and up to
200 kilometers in total length. This technology is driven by the
need to support high performance distributed computer
systems which are becoming faster and more powerful, thus
imposing a greater need for network speed and bandwidth.
Other uses for FDDI include backbone networks connecting
Ethernet, Token Bus, and Token Ring segments and back end
networks connecting high—speed peripherals. FDDI is an
American National Standards Institute (ANSI) standard.
Motorola’s FDDI chip set includes the MC68836, MC68837,
MC68838, and MC68839.

MC68836
FDDI Clock Generator

The MC68836 FDDI Clock Generator (FCG) implements
part of the Physical Layer (PHY) functions of the FDDI
standard including clock recovery, data recovery, and NRZI
conversions. The FCG also does a five-bit parallel to serial
conversion during transmission, and a serial to five—bit parallel
conversion during reception. The FCG uses the five—bit
parallel interface to communicate with the MC68837 device.
The FCG directly connects to fiber optic modules through
differential driver/receiver pins. Features include full duplex
operations, 125 MHz clock recovery from incoming serial
NRZI data stream, and 125 MHz transmit clock generation.

MC68837

Elasticity Buffer and Link Manager

The Elasticity Buffer and Link Manager (ELM) implements
the remaining of the PHY functions of the FDDI standard
including data framing, elasticity buffer, encoding, decoding,
smoothing, line state detection, and repeat filter. The ELM also
implements some Station Management (SMT) functions such
as the Connection Management (CMT), Physical Connection
Management (PCM), Physical Connection Insertion (PClI),
and Link Error Monitor (LEM).

MC68838

Media Access Controller

The Media Access Controller (MAC) implements the MAC
portion of the FDDI standard. The MAC protocol is the lower
sub-layer of the ISO OSI data link layer and provides for fair
and deterministic sharing of the physical medium, address
recognition, frame check sequence generation and
verification, frame insertion, frame repetition, frame removal,
token generation, and certain error recovery procedures.
Features on the MC68838 include independent receive and
transmit data paths and state machines, bridging support
including a bit order reversal option, a count and void frame
bridge stripping algorithm, and CRC appendage on a per
frame basis. The MAC also contains an interface to Content
Addressable Memory (CAM) for individual and muilticast
address recognition.

MC68839
FDDI System Interface

The FDDI System Interface (FSI) is a high performance
interface device which can easily connect to any bus including
high speed processors, little— and big—endian busses, and
multiplexed/non—-multiplexed address data busses. Its
primary purpose is to interface the FDDI protocol devices to
the user system bus. FSI features include support for a ring
buffer structure, addressing flexibility, programmable
partitioned 8K bytes internal RAM for temporary data storage,
two 32-bit ports, the ability to sustain up to 250 ps bus
latencies, support for synchronous and asynchronous frames,
and the ability to chain multiple buffers per frame.

Support Software
M6B8KESW-PC1

This Intermetrics software package is for the 68K Family
(68000, 68008, 68HC001, 68010, 68020, 68030, 68EC030,
68040, 683xx). The MCEBKESW InterTools package includes
C compiler, assembler/linker, run—time libraries, and one year
of support from Intermetrics.

M68040FPSP

This software provides 68040 floating point emulation of
unimplemented 68881/68882 functions. Contact factory for
license agreement.
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The M88000 RISC Family

In Brief . ..

Motorola’s 88000 Family comes from the only company
committed to long—term upward software compatibility
through such features as hardware interlocked and
protected pipelines. Our goal is to make sure each
generation of the 88000 RISC family delivers a high
performance level while maintaining software compatibility.

Architecture, Performance,

and Software Compatibility ... ....
Microprocessors ................

Cache/Memory Management Units
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Motorola’s 88000 RISC Microprocessors

. . . a performance architecture
Architecture, Performance, and
Software Compatibility

The 88000 RISC was designed from the start for
superscalerimplementations. In fact, the design of the second
generation 88110 microprocessor is a unique superscaler
implementation called Symmetric Superscalar™. The
Symmetric Superscaler design allows you to execute multiple
instructions in a single clock cycle without any restrictions on
instruction ordering. So there are no wait states or
performance penalties because of out of order instructions.

Also, while other RISC microprocessors may be limited in
the instructions they can execute in a single clock cycle,
members of the 88000 are able to execute multiple
instructions per clock cycle, thus providing the performance
edge required for next generation system designs.

Performance Plus Software
Compatibility

Although high performance is recognized as a key feature
for systems design, software compatibility is also important.
Motorola’s 88000 Family comes from the only company
committed to long term upward software compatibility through
such features as hardware interlocked and protected
pipelines. Our goal is to make sure each generation of the
88000 RISC family delivers a high performance level while
maintaining software compatibility. This gives the opportunity
for designing one of the industry’s highest performance
systems, while leveraging your largest dollar investment in
new systems, your software.

Software compatibility is also promoted through standards
to provide an open systems environment benefitting system
companies, software developers, and end users because
88000 based systems from different vendors will run all of the
same software.

Microprocessors

MC88100RC
32-Bit RISC Microprocessor

The MC88100 is the first processor in the 88000 Family of
RISC (reduced instruction set computer) microprocessors.
Implemented with Motorola’s HCMOS technology, the
MC88100 incorporates 32-bit registers, data paths, and
addresses. In designing the MC88100, Motorola has
incorporated a high degree of fine—grain parallelism; four
independent execution units maintain separate, fully
concurrent execution pipelines. Most instructions operate in
one machine cycle or effective concurrent execution can be
accomplished through internal pipelines in one machine cycle.

A common register file provides data sharing and
synchronization control among the execution units through
register scoreboarding.

The MC88100 addresses a variety of applications
requiring  high operational speeds and efficient,
fast-execution  architectures. All data manipulation
instructions are nondestructive register to register or register
with immediate operations, allowing both fast operand access
and operand reuse. |IEEE 754 floating—point arithmetic is
supported in the processor. Instruction and data memory
space are accessed through separate memory ports, allowing
simultaneous access to dedicated memory areas. The 88000
Family includes the MC88200 CMMU (cache/memory
management unit), which adds high-speed memory caching,
two—level, demand-paged memory management, and
support for shared-memory multiprocessing. The 88000
Family also includes a full line of highly optimizing compilers,
operating systems, development boards, and development
tools.

MC88110RC
32-Bit RISC Microprocessor

The MC88110 is the second implementation of the 88000
family of reduced instruction set computer (RISC)
microprocessors. The MC88110 is a Symmetric Superscalar
machine capable of issuing and retiring two instructions per
clock without any special alignment, ordering, or type
restrictions on the instruction stream. Instructions are issued
to multiple execution units, execute in parallel, and can
complete out of order, with the machine automatically keeping
results in the correct program sequence. The Symmetric
Superscalar design allows sustained performance to
approach the peak performance capability.

The MC88110 uses dual instruction issue and simple
instructions with extremely rapid execution times to yield
maximum efficiency and throughput for 88000 systems.
Instructions either execute in one clock cycle, or effective one
clock cycle execution is achieved through internal pipelining.
Ten independent execution units communicate with a general
register file and an extended register file through muitiple
80-bit internal buses. Each of the register files has sufficient
bandwidth to supply four operands and receive two results per
clock cycle. Each of the pipelined execution units, including
those that execute floating—point and data movement
instructions, can accept a new instruction and retire a previous
instruction on every clock cycle.

In a single chip implementation, the MC88110 integrates
the central processing unit, floating point unit, graphics
processing unit, virtual memory address translation,
instruction cache, and data cache. The MC88110 maintains
compatibility with MC88100 user application software.

The M88000 RISC Family
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Cache/Memory
Management Units

MC88200RC

16—Kilobyte Cache/Memory
Management Unit (CMMU)

The MC88200 CMMU is a high—-performance, HCMOS
VLSI device providing zero—wait—state memory management
and data caching. The MMU (memory management unit)
efficiently supports a demand-paged virtual memory
environment  with two logical address ranges
(user/supervisor) of 4 gigabytes each. Translated addresses
are provided by one of two ATCs (address translation caches),
providing address translation in one clock cycle for most
memory accesses. The PATC (page address translation
cache) is a 56-entry, fully associative cache containing
recently used translations for 4—kilobyte memory pages and
is maintained by MC88200 hardware. The BATC (block
address translation cache) is a 10-entry cache, loaded by
software, containing translations for 512—kilobyte memory
blocks. The BATC translations are used for operating system
software or for other memory-resident instructions and data.
In addition, the MMU provides access control for the two
logical address spaces. The CMMU data cache is a
16-kilobyte, four-way, set—associative cache for instruction
or data storage. The cache incorporates memory—update
policies and cache—coherency mechanisms that support
multiprocessor applications. The MC88200 CMMU also
includes an MC88100-compatible P bus (processor bus)
interface and an M bus (memory bus) interface. A processor
may use two or more CMMUs for increased data cache and
ATC sizes.

MC88204RC

64K-Byte Cache/Memory
Management Unit (CMMU)

The MC88204 CMMU is a high—performance, HCMOS
VLSI device providing zero—wait—state memory management
and data caching. The memory management unit (MMU)
efficiently supports a demand-paged virtual memory
environment with two logical address ranges (user/
supervisor) of 4 Gbytes each. Translated addresses are
provided by one of two address translation caches (ATCs),
providing address translation in one clock cycle for most
memory accesses. The page address translation cache
(PATC) is a 56-entry, fully associative cache containing
recently used translations for 4K-byte memory pages and is

maintained by MCB88204 hardware. The block address
translation cache (BATC) is a 10-entry cache, loaded by
software, containing translations for 512K-byte memory
blocks. The BATC translations are used for operating system
software or for other memory-resident instructions and data.
In addition, the MMU provides access control for the two
logical address spaces. The CMMU data cache is a 64K—byte,
four-way set-associative cache for instruction or data
storage. The cache incorporates memory—update policies
and cache-coherency mechanisms that  support
multiprocessor applications. The MC88204 CMMU also
includes an MC88100-compatible processor bus (P bus)
interface and memory bus (M bus) interface.

The MC88204 CMMU is completely software and pin—level
compatible with the MC88200 16K-byte CMMU. The
functionality of the MC88204 is identical to that of the
MC88200. With board layout constraints in mind, a central
processing unit (CPU) may use up to two MC88204 CMMUs
on the data P bus and up to two MC88204 CMMUs on the
instruction P bus to increase data cache and ATC sizes.

MC88410

Secondary Cache Controller

The MCB88410 is a highly integrated secondary cache
controller for the MC88110 microprocessor that reduces
memory latency and extends multiprocessing capability for
those seeking the highest level of system performance. Used
with the MCM62110 Fast Static RAM, it provides a functionally
complete secondary cache solution for both uniprocessor and
multiprocessor environments. The MC88410 provides tag,
control and buffering for 1/4, 1/2, and 1 Mbyte secondary
cache configurations, all in a single chip cache controller. The
MC88410 eliminates external logic between the processor
and the secondary cache, provides bus arbitration for the
MC88110, and requires no external programming.

The MC88410 and MCM62110 are optimized to provide
low latency memory access to the MC88110 processor. Initial
accesses incur only one wait state. Subsequent transactions
in a burst incur zero wait states. Data streaming to the
processor reduces the penalty on secondary cache misses.

The MC88410 expands the MC88110’s system flexibility
by providing a choice of secondary cache line size, burst byte
ordering, and system clock frequency. The MC88410 extends
the MC88110 multiprocessing capability by significantly
reducing system bandwidth consumption. This increased
available bandwidth, along with the MC88410’s hardware
enforced cache coherency protocol, enable the
implementation of dual bus systems and scalable shared-bus
multiprocessing systems.
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The PowerPC™ RISC Family

Microprocessors

In Brief ...

The PowerPC architecture is derived from the IBM
Performance Optimized with Enhanced RISC (POWER)
architecture. The PowerPC architecture shares all of the
benefits of the POWER architecture but is optimized for
single—chip implementations. The architecture design
emphasizes parallel instruction execution and high
throughput and allows for exceptional floating—point
performance. The PowerPC architecture is powerful
today and is scalable from palmtops to mainframes.

Page
PowerPC™ RISC Microprocessors ................ 2.4-2
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PowerPC™ RISC
Microprocessors

The PowerPC Architecture™, developed jointly by
Motorola, IBM, and Apple, is based on the POWER
Architecture™ implemented by the RISC System/6000™
family of computers. The PowerPC architecture takes
advantage of recent technological advances in such areas as
process technology, compiler design, and RISC (reduced
instruction set computer) microprocessor design to provide
software compatibility across a diverse family of
implementations, primarily single—chip microprocessors,
intended for a wide range of systems, including
battery—powered personal computers, embedded controllers,
high-end scientific and graphics workstations, and
multiprocessing, microprocessor-based mainframes.

To provide a single architecture for such a broad
assortment of processor environments, the PowerPC
architecture is both flexible and scalable.

The flexibility of the PowerPC architecture offers many
price/performance options. Designers can choose whether to
implement architecturally—defined features in hardware or in
software. For example, a processor designed for a high—end
workstation has greater need for the performance gained from
implementing floating—point normalization and
denormalization in hardware than a battery—powered,
general-purpose computer might.

The PowerPC architecture is scalable to take advantage of
continuing technological advances — for example, the
continued miniaturization of transistors makes it more feasible
to implement more execution units and a richer set of
optimizing features without being constrained by the
architecture.

The PowerPC architecture defines the following features:
e Separate 32—entry register files for integer and

floating—point instructions. The general—purpose registers

(GPRs) hold source and target data for integer arithmetic

instructions, and the floating—point registers (FPRs) hold

source and target data for floating—point arithmetic
instructions.
¢ Instructions for loading and storing data between the
memory system and either the FPRs or GPRs.
* Uniform-length instructions to allow simplified instruction
pipelining and parallel processing instruction dispatch
mechanisms.
Nondestructive use of registers for arithmetic instructions
in which the second, third, and sometimes the fourth
operand, typically specify source registers for calculations
whose results are typically stored in the target register
specified by the first operand.
A precise exception model (with the option of treating
floating—point exceptions imprecisely).
Floating—point support that includes IEEE-754
floating—point operations.
The ability to perform both single~ and double—precision
floating—point operations.

¢ A flexible architecture definition that allows certain
features to be performed in either hardware or with
assistance from implementation—specific software
depending on the needs of the processor design.
User—level instructions for explicitly storing, flushing, and
invalidating data in the on—chip caches. The architecture
also defines special instructions (cache block touch
instructions) for speculatively loading data before it is
needed, potentially reducing the effect of memory latency.
Definition of a memory mode! that allows weakly—ordered
memory accesses. This allows bus operations to be
reordered dynamically, which improves overall
performance and in particular reduces the effect of
memory latency on instruction throughput.

Support for separate instruction and data caches
(Harvard architecture) and for unified caches.

« Support for both big— and little—endian addressing modes.
* Support for 64-bit addressing. The architecture supports
both 32—bit or 64-bit implementations. This document
typically describes the architecture in terms of the 64-bit
implementations in those cases where the 32-bit subset

can be easily deduced.

MPC601 RISC
Microprocessor

The MPC601 is the first implementation of the PowerPC
architecture. The MPC601 implements the 32-bit portion of
the PowerPC architecture, which provides 32-bit effective
(logical) addresses, integer data types of 8, 16, and 32 bits,
and floating—point data types of 32 and 64 bits. For 64—bit
PowerPC implementations, the PowerPC architecture
provides 64-bit integer data types, 64-bit addressing, and
other features required to complete the 64-bit architecture.

The MPC601 is a superscalar processor capable of issuing
and retiring three instructions per clock, one to each of three
execution units. Instructions can complete out of order for
increased performance; however, the MPC601 makes
execution appear sequential.

The MPC601 integrates three execution units —an integer
unit (IU), a branch processing unit (BPU), and a floating—point
unit (FPU). The ability to execute three instructions in parallel
and the use of simple instructions with rapid execution times
yield high efficiency and throughput for MPC601-based
systems. Most integer instructions execute in one clock cycle.
The FPU is pipelined so a single—precision multiply—add
instruction can be issued every clock cycle.

The MPC601 includes an on—chip, 32—-Kbyte, eight-way
set—-associative, physically addressed, unified instruction and
data cache and an on—-chip memory management unit (MMU).
The MMU contains a 256—entry, two—way set—associative,
unified translation look—aside buffer (UTLB) and provides
support for demand paged virtual memory address translation
and variable—sized block translation. Both the UTLB and the
cache use least recently used (LRU) replacement algorithms.

The PowerPC RISC Family Microprocessor
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The MPC601 has a 64-bit data bus and a 32-bit address
bus. The MPC601 interface protocol allows multiple masters
to compete for system resources through a central external
arbiter. Additionally, on—chip snooping logic maintains cache
coherency in multiprocessor applications. The MPC601
supports single-beat and burst data transfers for memory
accesses; it also supports both memory—mapped I/O and I/O
controller interface addressing.

The MPC601 uses an advanced, 3.6—volts (601) or 2.5
volts (601v) CMOS process technology and maintains full
interface compatibility with TTL devices.

Block Diagram

Figure 1 provides a block diagram of the MPC601 that
illustrates how the execution units — IU, FPU, and BPU —
operate independently and in parallel.

MPC602 RISC
Microprocessor

The MPC602 is a low—cost, low—power implementation of
the PowerPC RISC architecture. The MPC602 implements
the 32-bit portion of the PowerPC architecture, which
provides 32-bit effective addresses, integer data types of 8,
16, and 32 bits, and floating—point data types of 32 and 64 bits.
Floating—point operations involving either 32— or 64-bit data
types in single—precision format are supported; however,
floating—point operations involving 64-bit data types in
double—precision format are not implemented in hardware
and are instead trapped for emulation in software.

The MPC602 has four execution units—an integer unit (1U),
a floating—point unit (FPU), a branch processing unit (BPU),
and a load/store unit (LSU). The ability to execute four
instructions in parallel and the use of simple instructions with
rapid execution times yield high efficiency and throughput for
MPC602-based systems. Most integer instructions execute
in one clock cycle. The FPU is pipelined such that typically
when the FPU pipeline is full, a single—precision instruction
can complete every clock cycle.

The MPC602 provides dynamic and static power—saving
modes. The three statc modes — nap, doze, and
sleep — progressively reduce the amount of power
dissipated by the processor.

The MPC602 provides independent on~chip, 4-Kbyte,
two—way set—associative, physically addressed caches for
instructions and data and on-chip instruction and data
memory management units (MMUs). The MPC602 MMUs
contain 32—entry, two-way set-associative, data and
instruction translation lookaside buffers (DTLB and ITLB). The
MPC602 provides an additional memory protection
mechanism not defined by the PowerPC architecture. The
602’s protection—only mode can control whether instructions
can be fetched from 4—Kbyte instruction pages and whether
data can be written to 4—Kbyte data pages.

The MPC602 has a single bus interface used for
transferring both 32-bit addresses and either 32— or 64-bit
data. This bus is time—multiplexed. The MPC602 interface
protocol allows muitiple masters to compete for system
resources through a central external arbiter. The MPC602
provides a three—state coherency protocol that supports the
modified, exclusive, and invalid (MEI) cache states. This
protocol is a compatible subset of the MESI
(modified/exclusive/shared/invalid) four—state protocol and
operates coherently in systems that contain four—state
caches.

The MPC602 uses an advanced, 3.3-V CMOS process
technology and maintains full interface compatibility with TTL
devices.

Block Diagram

The MPC602 block diagram in Figure 2 illustrates how the
execution units — U, FPU, BPU, and LSU — operate
independently and in paraliel.

MPC603 RISC
Microprocessor

The MPC603 is the first low—power implementation of the
PowerPC architecture. The MPC603 implements the 32-bit
portion of the PowerPC architecture, which provides 32-bit
effective (logical) addresses, integer data types of 8, 16, and
32 bits, and floating—point data types of 32 and 64 bits. For
64—bit PowerPC implementations, the PowerPC architecture
provides 64-bit integer data types, 64-bit addressing, and
other features required to complete the 64—bit architecture.

The MPC603 provides four software controllable
power—saving modes. Three of the modes (the nap, doze, and
sleep modes) are static in nature, and progressively reduce
the amount of power dissipated by the processor. The fourth
is a dynamic power management mode that causes the
functional units in the MPC603 to automatically enter a
low—power mode when the functional units are idle without
affecting operational performance, software execution or any
external hardware.

The MPC603 is a superscalar processor capable of issuing
and retiring a maximum of three instructions per clock.
Instructions can execute out of order for increased
performance; however, the MPC603 makes completion
appear sequential.

The MPC603 integrates five execution units — an integer
unit (1U), a floating—point unit (FPU), a branch processing unit
(BPU), a load/store unit (LSU) and a system register unit
(SRU). The ability to execute five instructions in parallel and
the use of simple instructions with rapid execution times yield
high efficiency and throughput for MPC603-based systems.
Most integer instructions execute in one clock cycle. The FPU
is pipelined so a single—precision multiply—add instruction can
be issued every clock cycle.

Motorola Master Selection Guide
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The MPC603 provides independent on—chip, 8-Kbyte,
two-way set-associative, physically addressed caches for
instructions and data and on-chip instruction and data
memory management units (MMUs). The MMUs contain
64—entry, two-way set—associative, data and instruction
translation lookaside buffers (DTLB and ITLB) that provide
support for demand-paged virtual memory address
translation and variable—sized block translation.

The MPC603 has a selectable 32— or 64-bit data bus and
a 32-bit address bus. The MPC603 interface protocol allows
multiple masters to compete for system resources through a
central external arbiter. The MPC603 provides a three—state
coherency protocol that supports the Exclusive, Modified, and
Invalid cache states. This protocol is a compatible subset of
the MESI four—state protocol and operates coherently in
systems that contain four-state caches. The MPC603
supports single-beat and burst data transfers for memory
accesses; it also supports both memory—mapped I/O and I/O
controller interface addressing.

The MPC603 uses an advanced, 3.3-V CMOS process
technology and maintains full interface compatibility with TTL
devices.

Block Diagram

Figure 3 provides a block diagram of the MPC603 that
illustrates how the execution units — IU, FPU, BPU, LSU, and
SRU — operate independently and in parallel.

The MPC603 provides address translation and protection
facilities, including an ITLB, DTLB, and instruction and data
BAT arrays. Instruction fetching and issuing is handled in the
instruction unit. Translation of addresses for cache or external
memory accesses are handled by the MMUs.

MPC603e RISC
Microprocessor

The MPC603e is a low—power implementation of the
PowerPC RISC architecture. The MPC603e implements the
32-bit portion of the PowerPC architecture, which provides
32-bit effective addresses, integer data types of 8, 16, and 32
bits, and floating—point data types of 32 and 64 bits.

The MPC603e provides four software controllable
power-saving modes. Three of the modes (the nap, doze, and
sleep modes) are static in nature, and progressively reduce

the amount of power dissipated by the processor. The fourth
is a dynamic power management mode that causes the
functional units in the MPC603e to automatically enter a
low—power mode when the functional units are idle without
affecting operational performance, software execution, or any
external hardware.

The MPC603e is a superscalar processor capable of
issuing and retiring as many as three instructions per clock.
Instructions can execute out of order for increased

-performance; however, the MPC603e makes completion

appear sequential.

The MPC603e integrates five execution units — an integer
unit (1U), a floating—point unit (FPU), a branch processing unit
(BPU), a load/store unit (LSU), and a system register unit
(SRU). The ability to execute five instructions in parallel and
the use of simple instructions with rapid execution times yield
high efficiency and throughput for MPC603e—-based systems.
Most integer instructions execute in one clock cycle. The FPU
is pipelined so a single—precision multiply—add instruction can
be issued every clock cycle.

The MPC603e provides independent on—chip, 16-Kbyte,
four-way set—associative, physically addressed caches for
instructions and data and on-chip instruction and data
memory management units (MMUs). The MMUs contain
64—-entry, two—way set-associative, data and instruction
translation lookaside buffers (DTLB and ITLB) that provide
support for demand-paged virtual memory address
translation and variable—sized block translation.

The MPC603e has a selectable 32— or 64-bit data bus and
a 32-bit address bus. The MPC603e interface protocol allows
multiple masters to compete for system resources through a
central external arbiter. The MPC603e provides a three—state
coherency protocol that supports the exclusive, modified, and
invalid cache states. This protocol is a compatible subset of
the MESI (modified/exclusive/shared/invalid) four—state
protocol and operates coherently in systems that contain
four—state caches. The MPC603e supports single—beat and
burst data transfers for memory accesses, and supports
memory—mapped I/O accesses.

The MPC603e uses an advanced CMOS process
technology and maintains full interface compatibility with TTL
devices. The MPC603e is implemented in both a 2.5-V
version (PID7V-603e) and a 3.3-V version (PID6-603e).

Block Diagram
Figure 4 provides a block diagram of the MPC603e that

illustrates how the execution units — 1U, FPU, BPU, LSU, and
SRU — operate independently and in parallel.
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MPC604 RISC
Microprocessor

The MPC604 is an implementation of the PowerPC family
of RISC microprocessors. The MPC604 implements the
PowerPC architecture as it is specified for 32-bit addressing,
which provides 32-bit effective (logical) addresses, integer
data types of 8, 16, and 32 bits, and floating—point data types
of 32 and 64 bits (single—precision and double—precision). For
64-bit PowerPC implementations, the PowerPC architecture
provides additional 64-bit integer data types, 64-bit
addressing, and related features.

The MPC604 is a superscalar processor capable of issuing
four instructions simultaneously. As many as six instructions
can finish execution in parallel. The MPC604 has six
execution units that can operate in parallel—floating—point
unit (FPU), branch processing unit (BPU), load/store unit
(LSU), two single—cycle integer units (SCIUs), and one
multiple—cycle integer unit (MCIU).

This parallel design, combined with the PowerPC
architecture’s specification of uniform instructions that allows
for rapid execution times, yields high efficiency and
throughput. The MPC604’s rename buffers, reservation
stations, dynamic branch prediction, and completion unit
increase instruction throughput, guarantee in—order
completion, and ensure a precise exception model. (Note that
the PowerPC architecture specification refers to all exceptions
as interrupts.)

The MPC604 has separate memory management units
(MMUs) and separate 16-Kbyte on-chip caches for
instructions and data. The MPC604 implements two
128-entry, two-way set (64-entry per set) associative
translation lookaside buffers (TLBs), one for instructions and
one for data, and provides support for demand—paged virtual
memory address translation and variable-sized block
translation. The TLBs and the cache use least—recently used
(LRU) replacement algorithms.

The MPC604 has a 64-bit external data bus and a 32-bit
address bus. The MPC604 interface protocol allows multiple
masters to compete for system resources through a central
external arbiter. Additionally, on-chip snooping logic
maintains data cache coherency for multiprocessor
applications. The MPC604 supports single-beat and burst
data transfers for memory accesses and memory-mapped
1/O accesses.

The MPC604 uses an advanced, 3.3-V CMOS process
technology and is fully compatible with TTL devices.

Block Diagram

Figure 5 provides a block diagram showing features of the
MPC604. Note that this is a conceptual block diagram
intended to show the basic features rather than an attempt to
show how these features are physically implemented on the
chip.

MPC604e RISC
Microprocessor

The MPC604e is an implementation of the PowerPC family
of RISC microprocessors. The MPC604e implements the
PowerPC architecture as it is specified for 32-bit addressing,
which provides 32-bit effective (logical) addresses, integer
data types of 8, 16, and 32 bits, and floating—point data types
of 32 and 64 bits (single—precision and double—precision). For
64—bit PowerPC implementations, the PowerPC architecture
provides additional 64-bit integer data types, 64-bit
addressing, and related features.

The MPC604e is a superscalar processor capable of
issuing four instructions simultaneously. As many as seven
instructions can finish execution in parallel. The MPC604e has
seven  execution units that can operate in
parallel — floating—point unit (FPU), branch processing unit
(BPU), condition register unit (CRU), load/store unit (LSU), two
single—cycle integer units (SCIUs), and one multiple—cycle
integer unit (MCIU).

This parallel design, combined with the PowerPC
architecture’s specification of uniform instructions that allows
for rapid execution times, yields high efficiency and
throughput. The MPCB04e’s rename buffers, reservation
stations, dynamic branch prediction, and completion unit
increase instruction throughput, guarantee in—order
completion, and ensure a precise exception model. (Note that
the PowerPC architecture specification refers to all exceptions
as interrupts.)

The MPC604e has separate memory management units
(MMUs) and separate 32-Kbyte on—chip caches for
instructions and data. The MPC604e implements two
128-entry, two-way set associative transiation lookaside
buffers (TLBs), one for instructions and one for data, and
provides support for demand—paged virtual memory address
translation and variable—sized block translation. The TLBs
and the cache use least-recently used (LRU) replacement
algorithms.

The MPC604e has a 64—bit external data bus and a 32-bit
address bus. The MPC604e interface protocol allows muiltiple
masters to compete for system resources through a central
external arbiter. Additionally, on—chip snooping logic
maintains data cache coherency for multiprocessor
applications. The MPC604e supports single-beat and burst
data transfers for memory accesses and memory—mapped
I/O accesses.

The MPC604e uses an advanced, 2.5~V CMOS process
technology and is fully compatible with TTL devices.

Block diagram
Figure 6 provides a block diagram of the MPC604e.
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New Features of the MPC604e

Features of the MPC604e that are not implemented in the

MPC604 are as follows:

» Additional special-purpose registers

— HID1 provides four read—only PLL_CFG bits for
indicating the processor/bus clock ratio.

— Three additional registers support the performance
monitor—MMCR1 is a second control register that
includes bits to support the use of two additional
counter registers, PMC3 and PMC4.

Instruction execution

— Separate units for branch and condition register (CR)
instructions. The BPU is now split into a CR logical
unit and a branch unit, which makes it possible for
branch instructions to execute and resolve before
preceding CR logical instructions. The MPC604e can
still only dispatch one CR logical or branch instruction
per cycle, but it can execute both branch and CR
logical instructions at the same time.

— Branch correction in decode stage. Branch correction
in the decode stage can now predict branches whose
target is taken from the count or link registers if no
updates of the count and link register are pending.
This saves at least one cycle on branch correction
when the mtspr instruction can be sufficiently
separated from the branch that uses the SPR as a
target address.

— Ability to disable the branch target address cache
(BTAC)—HIDO[30] has been defined to allow the
BTAC to be disabled. When HIDO[30] is set, the BTAC
contents are invalidated and the BTAC behaves as if it
were empty. New entries cannot be added until the
BTAC is enabled.

Improvements to cache implementation

— 32-Kbyte split data and instruction caches. Like the
604, both caches are four-way set associative;
however, each cache has twice as many sets,
logically separated into 128 sets of odd lines and 128
sets of even lines.

— Data cache line-fill buffer forwarding. In the 604 only
the critical double word of a burst operation was made
available to the requesting unit at the time it was burst
into the line—fill buffer. Subsequent data was
unavailable until the cache block was filled. On the
MPC604e, subsequent data is also made available as
it arrives in the linefill buffer.

— Additional cache copyback buffers. The MPC604e
implements three copyback write buffers (as opposed
to one in the 604). Having multiple copyback buffers
provides the ability for certain instructions to take fuller

advantage of the pipelined system bus to provide
more efficient handling of cache copyback, block
invalidate operations caused by the data cache block
flush (dcbf) instruction, and cache block clean
operations resulting from the data cache block store
(dcbst) instruction.

— Coherency support for instruction fetching. Instruction
fetching coherency is controlled by HIDO[23]. In the
default mode, HIDO[23] is 0, GBL is not asserted for
instruction accesses, as is the case with the 604. If
the bit is set, and instruction translation is enabled
(MSRIIR] = 1), the GBL signal is set to reflect the M bit
for this page or block. If instruction translation is
disabled (MSRI[IR] = 0), the GBL signal is asserted.

« System interface operation

— The MPC604e has the same pin configuration as the
MPC604; however, on the MPC604e Vpp and AVpp
must be connected to 2.5 Vdc and OVpp must be
connected to 3.3 Vdc. The MPC604e uses split
voltage planes, and for replacement compatibility,
MPC604/MPC604e designs should provide both
2.5~V and 3.3-V planes and the ability to connect
those two planes together and disable the 2.5-V
plane for operation with an MPC604.

— Support for additional processor/bus clock ratios (5:2
and 4:1). Configuration of the processor/bus clock
ratios is displayed through a new MPC604e—specific
register, HID1.

— To support the changes in the clocking configuration,
different precharge timings for the ABB, DBB, ARTRY,
and SHD signals are implemented internally by the
processor. The precharge timings for ARTRY and
SHD can be disabled by setting HIDO[7].

— No-DRTRY mode. In addition to the normal and fast
L2 modes implemented on the 604, a no-DRTRY
mode is implemented on the MPC604e that improves
performance on read operations for systems that do
not use the DRTRY signal. No-DRTRY mode makes
read data available to the processor one bus clock
cycle sooner than in normal mode. In no-DRTRY
mode, the DRTRY signal is no longer sampled as part
of a qualified bus grant.

o Full hardware support for little—endian accesses.
Little—endian accesses take alignment exceptions for
only the same set of causes as big—endian accesses.
Accesses that cross a word boundary require two
accesses with the lower—addressed word accessed first.

e Additional enhancements to the performance monitor.

The PowerPC RISC Family Microprocessor
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MPC620 RISC
Microprocessor

The MPC620is animplementation of the PowerPC™ family
of RISC microprocessors. The MPC620 implements the
PowerPC architecture as it is specified for 64-bit addressing,
which provides 64-bit effective (logical) addresses, integer
data types of 8, 16, 32, and 64 bits, and floating—point data
types of 32 and 64 Dbits (single—precision and
double—precision). The MPC620 is software compatible with
the 32-bit versions of the PowerPC microprocessor family.

The MPC620 is a superscalar processor capable of issuing
four instructions simultaneously. As many as six instructions
can finish execution in parallel. The MPC620 has six
execution units that can operate in parallel — floating—point
unit (FPU), branch processing unit (BPU), load/store unit
(LSU), two single—cycle integer units (SCIUs), and one
multiple—cycle integer unit (MCIU).

This parallel design, combined with the PowerPC
architecture’s specification of uniform instructions that allows
for rapid execution times, vyields high efficiency and
throughput. The MPC620’s rename buffers, reservation
stations, dynamic branch prediction, and completion unit
increase instruction throughput, guarantee in—order
completion, and ensure a precise exception model.

The MPC620 has separate memory management units
(MMUs) and separate 32—Kbyte on-chip caches for
instructions and data. The MPC620 implements a 128-entry,
two—way set-associative translation lookaside buffer (TLB)
for instructions and data, and provides support for
demand—-paged virtual memory address translation and
variable—sized block translation. The TLB and the cache use
least-recently used (LRU) replacement algorithms.

The MPC620 has a 40-bit address bus, and can be
configured with either a 64— or 128-bit data bus. The MPC620
interface protocol allows multiple masters to compete for
system resources through a central external arbiter.
Additionally, on—chip snooping logic maintains data cache
coherency for multiprocessor applications. The MPC620
supports single-beat and burst data transfers for memory
accesses and memory—mapped I/O accesses.

The MPC620 uses an advanced, 3.3-V CMOS process
technology and is compatible with 3.3-V CMOS devices.

Block Diagram

Figure 7 provides a block diagram showing features of the
MPC620. Note that this is a conceptual block diagram
intended to show the basic features rather than an attempt to
show how these features are physically implemented on the
chip.

Motorola Master Selection Guide 2.4-13
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MPC105 PCI
Bridge/Memory Controller

The MPC105 PCI bridge/memory controller (PCIB/MC)
provides a PowerPC reference platform—compliant bridge
between the PowerPC microprocessor family and the
peripheral component interconnect (PCl) bus. PCI support
allows system designers to rapidly design systems using
peripherals already designed for PCI and the other standard
interfaces available in the personal computer hardware
environment. The MPC105 integrates secondary cache
control and a high—performance memory controller that
supports DRAM, SDRAM, ROM, and Flash ROM. The
MPC105 uses an advanced, 3.3-V CMOS process
technology and is fully compatible with TTL devices.

The MPC105 provides an integrated high bandwidth, high
performance, TTL-compatible interface between a 60x
processor, a secondary (L2) cache or secondary 60x
processor, the PCl bus, and main memory.

The MPC105 supports a programmable interface to a
variety of PowerPC microprocessors operating at various bus
speeds. The 60x processor interface uses a subset of the 60x
bus protocol, which enables the interface between the
processor and MPC 105 to be optimized for performance. The
MPC105's 60x interface allows for a variety of system
configurations by providing support for either a
direct-mapped, lookaside, L2 cache or a secondary 60x
processor. The L2 cache interface generates the arbitration
and support signals necessary to maintain a write—through or

write—back L2 cache. The L2 cache interface supports either
burst SRAMs or asynchronous SRAMs, and L2 data a
per-byte basis. The MPC105 features on—chip byte decoding
for L2 data write enables or can be configured to use external
logic for data write enable generation.

The PCI interface connects the processor and memory
buses to the PCl bus, to which /0O components are connected,
without the need for “glue” logic. This interface acts as both a
master and slave device.

The memory interface controls processor and PCI
interactions to main memory. It is capable of supporting a
variety of DRAM or SDRAM, and ROM or Flash ROM
configurations as main memory. The maximum supported
memory size is 1 Gbyte of DRAM or SDRAM, with 16 Mbytes
of ROM or 1 Mbyte of Flash ROM.

The MPC105 provides hardware support for four levels of
power reduction; the doze, nap, and sleep modes are invoked
by register programming, and the suspend mode is invoked by
assertion of an external signal. The design of the MPC105 is
fully static, allowing internal logic states to be preserved during
all power saving modes. The following sections describe the
programmable power modes provided by the MPC105.

Block Diagram

Figure 8 shows the MPC105 in a typical system
implementation. The major functional units within the MPC105
are also shown in Figure 1. Note that this is a conceptual block
diagram intended to show the basic features rather than an
attempt to show how these features are physically
implemented on the device.

60X PROCESSOR
< 60X DATA -
. 60X ADDRESS _
bl 60X CONTROL =
1 N B MPOIOS
BUFFERS ]<___ [ eox L2CACHE || CONTROL [™™ 5 CackE
‘ | INTERFACE o INTERFACE [ OR
‘ POWER DU SECONDARY
| rtemace | [ wanacevent | SRR . s
MEMORY L SUPPORT ‘ o PROCESSOR
(DRAM, SDRAM, [ “1 MEMORY AN PCI
ROM, FLASHROM | N MOU] | INTERFACE INTERFACE
ADDRESS |- .. R Y
- PCI ADDRESS/DATA o
D PCI CONTROL ~
Figure 8. System Implementation and Block Diagram
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MPC106 PCI
Bridge/Memory Controller

The MPC106 provides a PowerPC common hardware
reference platform (CHRP) compliant bridge between the
PowerPC microprocessor family and the Peripheral
Component Interconnect (PCIl) bus. PCl support allows
system designers to rapidly design systems using peripherals
already designed for PCI and the other standard interfaces
available in the personal computer hardware environment.
The MPC106 integrates secondary cache control and a
high—performance memory controller. The MPC106 uses an
advanced, 3.3-V CMOS process technology and is fully
compatible with TTL devices.

The MPC106 provides an integrated high—bandwidth,
high—performance, TTL-compatible interface between a 60x
processor, a secondary (L2) cache or secondary 60x
processor, the PCI bus, and main memory.

60x Processor Interface

The MPC106 supports a programmable interface to a
variety of PowerPC microprocessors operating at select bus
speeds. The 60x processor interface of the MPC106 uses a
subset of the 60x bus protocol, supporting single-beat and
burst data transfers. The address bus is 32 bits wide and the
data bus is 64 bits wide. The address and data buses are
decoupled to support pipelined transactions. PCl bus
accesses to system memory space are passed to the 60x
processor bus for snooping purposes. Two signals on the
MPC106, LBCLAIM, and DBGLB, are provided for an optional
local bus slave. The local bus slave must be capable of
generating AACK and TA signals to interact with the 60x
processor(s). Depending on the system implementation, the
processor(s) may operate at the PCI bus clock rate, or at two
or three times the PCl bus clock rate. The bus is synchronous,
with all timing relative to the rising edge of the bus clock.

L2 Cache/Multiple Processor Interface
The MPC106 provides support for the following

configurations of 60x processors and L2 cache:

e A single 60x processor with no L2 cache

¢ A single 60x processor plus a direct-mapped, lookaside,
L2 cache

¢ A single 60x processor plus an external L2 cache
controller or integrated L2 cache module such as the
Motorola MPC2604GA integrated L2 lookaside cache

o Two 60x processors with no L2 cache

* Two 60x processors plus an external L2 cache controller
or integrated L2 cache module such as the Motorola
MPC2604GA integrated L2 lookaside cache

The internal L2 cache controller generates the arbitration
and support signals necessary to maintain a write—through or
write—back L2 cache. The internal L2 cache controller
supports either asynchronous SRAMs, pipelined burst
SRAMs, or synchronous burst SRAMs, using byte parity for
data error detection. When a second 60x processor is used,
three signals of the L2 interface (BR1, BG1, and DBGT)
change their functions to allow for arbitration between the 60x
processors. All 60x interface signals of the MPC106, except
the bus request, bus grant, and data bus grant signals, are
shared by the 60x processors. When an external L2 controller
(or integrated L2 cache module) is used, three signals of the
L2interface (BRL2, BGL2, and DBGL2) change theirfunctions
to allow the MPC106 to arbitrate between the external cache
and the 60x processor(s).

Memory Interface

The memory interface controls processor and PCI
interactions to main memory and is capable of supporting a
variety of DRAM, or extended data—out (EDO) DRAM and
ROM or Flash ROM configurations as main memory. The
maximum supported memory size is 1 Gbyte of DRAM or EDO
DRAM, with 16 Mbytes of ROM or Flash ROM. The memory
controller of the MPC106 supports the various memory sizes
through software initialization of on—chip configuration
registers. Parity or ECC is provided for error detection.

PCI Interface

The MPC106’s PCI interface is compliant with the PCI
Local Bus Specification, Revision 2.1, and follows the
guidelines in the PCI System Design Guide, Revision 1.0 for
host bridge architecture. The PCl interface connects the
processor and memory buses to the PCI bus, to which 1/0
components are connected. The PCl bus uses a 32-bit
multiplexed address/data bus, plus various control and error
signals.

Figure 9 shows the major functional units within the
MPC106. Note that this is a conceptual block diagram
intended to show the basic features rather than an attempt to
show how these features are physically implemented on the
device.

The PowerPC RISC Family Microprocessor
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Single-Chip

Microcontrollers (CSIC)

In Brief ...

Motorola offers the most comprehensive selection of
high—performance single—chip control systems available
from a single source. Microcontroller device families range
from industry—standard 8-bit controllers to state—of-the—art
16— and 32-bit modular controliers. Within the price and
performance categories of each family, there are a variety of
on—chip capabilities to match specific applications.

Motorola device families are structured so that upward
migration need not involve complete code development.
The M68HC11 Family is upward code compatible with
M6800 and M6801 software, while the M68HC 16 family is
source—code compatible with the M68HC11 family.
Motorola’s newest 8—bit MCU product line, the M68HCO08
family, is fully upward object code compatible with the
M68HCO05 and M6805 families. In addition, M68300 and
M68HC16 devices share standard internal modules and
bus configurations.
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M68HCO05 CSIC Family

It all started with the 68HCO05 Family, and Motorola’s CSIC
(Customer-Specified Integrated Circuits) approach to
microcontroller design. Today, customers can select from over
70 mask ROM 68HCO05 devices and over 30 one-time
programmable (OTP) 68HC705 devices — and that number
is growing all the time, as Motorola continues to develop
derivatives of the 68HC05 based on customer demand.

With so many standard 68HC05 microcontrollers from
which to choose, most customers will find the right device for
an application among these existing devices. For some
high—volume applications, however, a customer may opt for
Motorola to develop a new derivative to meet an application’s
precise requirements. The result is a new microcontroller
which can then be added to the selection of standard devices.

M68HCO05 Industry Solutions

Motorola’s 68HC05 and 68HCO08 Families consist of a
variety of microcontroller designs to meet the requirements of
a broad range of applications. The 68HC05 Family, already
over 100 devices strong, offers a wide range of standard
products from which to choose, while the flagship 68HC08
offers a large library of modules from which derivatives can be
developed.

68HCO05 General-Purpose
Microcontrollers

68HCO05 C-Family. These flexible, general-purpose
devices feature a wide variety of memory options capable of
handling complex programs. On-chip SCI provides
asynchronous communications, with software~selectable
baud rates from 75 Hz to 131 kHz. The high—-speed,
synchronous 4-wire serial system SPI is ideal for driving
off—chip displays and peripherals.

All  C—Family devices include a powerful 16-bit
free—running programmable counter in conjunction with input
capture and output compare functions for simultaneous input
waveform measurement and output waveform generation. A
watchdog timer guards against runaway software in noisy
environments.

The high—packing density of Motorola’s HCMOS process
allows standard devices to run at bus frequencies up to
2.1 MHz. Motorola also offers high—speed versions which run
at frequencies up to 4.2 MHz from an 8.4 MHz crystal or
external clock. Low-voltage versions are available for
applications requiring extremely low power consumption to
extend battery life or minimize heat dissipation.

68HCO05 J-Family. This 20—pin family provides a low—cost,
low pin count, 8-bit upgrade for existing 4-bit applications. It
combines a powerful 68HC05 CPU with a flexible, 15-stage
multifunction timer and real-time interrupt capability.

68HCO05 K-Family. Our lowest—cost family offers a 16—pin
count and is appropriate for logic replacement.

68HCO05 P-Family. Born out of the CSIC design concept,
this family offers an extremely cost-competitive 28-lead

family of microcontrollers with a variety of ROM sizes and
special features such as Serial Input/Output Port (SIOP) to
control display drivers and communicate with other
peripherals. Other options include A/D input and on—chip
EEPROM for non-volatile data storage. Low-voltage and
high—speed versions are also available.

The flagship 68HC(7)08XL36 OTP and ROM versions are
the first two devices in the 6BHC08 Family and are intended
for general purpose uses.

Low-Voltage Microcontrollers

The 68HCO05 Family has been capable of 3.0 V operation
since 1980 and includes some 2.2 V selections. Recently,
Motorola announced several 68HCO5 microcontrollers
capable of 1.8 Vdc and 500 kHz operation. This new
low—voltage capability affords a greater than threefold power
savings over 3.0 V versions of the same chips, a significant
design consideration for any portable electronic application.
The new devices are collectively designated 68HCLO5 and
include the following versions: 68HCL0O5C4, C8, C12, J1A,
KO, P1, and P4. They are designed to provide lower—power
control technology to accommodate trends in portable
applications toward compactness, lightweight design, and
extended battery life.

Automotive

68HCO05 B-Family. EEPROM memory in these devices
makes it possible to store information that must be retained
after the power is removed. Applications include electric seat
control (storage of seat positions) and audio systems (storage
of radio stations).

68HC05 C~ and D-Families. These general-purpose
microcontrollers are used for cruise control, ignition systems,
and in—car entertainment systems.

68HCO5 J—, K-, and P-Families. With their low pin count
and low cost, these devices are ideal for automotive
applications such as car alarms, power windows, keyless
entry, and air bags.

68HCO5 V- and X~Families. Both these groups contain
integrated automotive multiplex interfaces that allow them to
talk to other electronic modules within a vehicle. The V series
adds an on—chip voltage regulator.

Computer

68HCO05 BD~Family. These devices are ideal for computer
monitor applications. They include a horizontal and vertical
sync processor as well as 16 channels of pulse—width
modulation.

68HCO05 C—Family. These are general purpose devices for
keyboard and monitor control.

68HCO05 J—, P—, and E-Families. These low—cost, low pin
count devices are appropriate for applications like a cordiess
PC mouse and trackball.

Single-Chip Microcontrollers (CSIC)
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Consumer

68HCO05 C— and D-Families. The multiple communication
lines (I/O ports, SCI and SPI) and free—running timer in this
group of devices make it possible to execute several tasks in
parallel. These features are used in consumer products like
CD players, automotive entertainment systems, and remote
controls.

68HCO05 J—, K-, and P-Families. The free~running timer
in these cost-effective microcontrollers allows multitasking in
applications such as washing machines, oven controls, and
remote controls.

68HCO05 L-Family. These low—power, small-footprint
devices can drive large LCD displays, making them ideal for
hand—held consumer products like portable CD players.

Industrial

68HCO05 B-Family. On—chip features include EEPROM;
8-channel, 8-bit A/D converter; and Pulse Length Modulated
outputs. Typical industrial applications include Programmable
Logic Controllers (PLC) and data acquisition systems.

68HCO05 C- and D-Families. These general-purpose
devices can be used in applications such as process control
systems where multiple 1/0 lines and LED outputs are
required.

68HCO05 J—and P-Families. These devices are popular in
low—cost industrial applications such as smoke detectors,
security devices, thermostats, and furnace ignition systems.

68HCO05 L-Family. Multi—port controllers with LCD driver,
16-bit timer and watchdog timer on board. Excellent for
display panels requiring tone output and low power
consumption such as thermostats and alarms.

68HC705MCA4. This device is intended for use in industrial
motor control and power supply applications.

68HCO05 X-Family. These devices have Controlled Area
Network (CAN) controllers with 4K thru 32K ROM for
integrated messaging on factory automation, sensor, and
switch applications.

Telecommunications

68HC05 B-Family. These devices can store
user-programmable telephone numbers in 256 bytes of
non-volatile EEPROM memory. They can also communicate
with analog inputs like battery life in hand-held equipment,
using the A/D module. The D/A module can be used to control
analog outputs such as telephone volume and line cards.

68HC05 C—-Family. This group of microcontrollers has
proven useful as a general-purpose device for
communications applications.

68HCO05 E~Family. Like the 68HCO05 B-Series devices,
E-Series devices are ideal for number storage and keyboard
interrupt applications.

68HCO05 F~Family. These devices — except for the F5,
which features an integrated DTMF receiver — include an
on—chip Dual-Tone Multi-Frequency Generator (DTMG) for
digital transmission and reception, as well as an LED drive for
user information. These features make the F-Family suitable
for a number of telecommunications applications, including
auto dialing, number storage, and display control.

68HCO5 J- and P-Families. These low pin count,
low—cost  microcontrollers  have a  variety  of
telecommunications uses, with features ranging from
EEPROM to multifunction timers.

68HCO05 L~Family. With its large LCD driving capability
and low power consumption, this series is well-suited to
applications in hand-held communication equipment. The
on—chip tone generator and display functions can be used in
pager systems to alert users to incoming messages.

Television and Video

68HCO05 B—Family. These devices are ideal for EEPROM
storage, with 256 bytes of EEPROM to store TV or satellite
channel frequencies and preset volume or brightness levels.
Features include Analog-to-Digital (A/D) conversion and
PWM.

68HCO05 C— and D-Families. With up to 32K of user ROM,
these devices can be used in the television and video market
as general-purpose microcontrollers.

68HCO05 CC-Family. Evolved from the T-Series,
CC-Series devices feature closed—caption Data Slicer (DSL)
and enhanced OSD features for decoding and displaying
closed captions.

68HCO05CO. This device has no on—chip user ROM, but is
capable of addressing up to 64K of external memory, making
itideal for applications that require large amounts of operating
code, like televisions. The 12C bus module and 4 MHz internal
bus speed also allow interconnection with standard TV
peripherals.

68HCO05 K~ and RC-Families. These devices are used in
remote control applications.

68HCO05 T-Family. All T-Family devices have On Screen
Display (OSD) modules that can overlay graphical images
onto television screens. They also contain D/A converters that
can drive analog outputs like volume control, and A/D
converters that can be used to automatically adjust the fine
tuning. Some members of the T-Series have I12C interfaces
that can communicate with industry—standard TV peripherals.

Motorola Master Selection Guide

2.5-3

Single-Chip Microcontrollers (CSIC)



USER ROM — 1248 BYTES

USER RAM — 64 BYTES

St o7

DATADIRECTION REGISTERA

PORTA

[€—> PA7*
«—>» PAG*
|€&—> PA5*
l[«—>» PA4”
[ —>» PA3"
[€«—> PA™
[—> PAI™
[ «—> PAD*

*8 mA SINK CAPABILITY
*EXTERNAL INTERRUPT CAPABILITY

DATA DIRECTION REGISTER B

PORTB

«——> PB5
l«—> PB4

|«<—> PB3

le—> PB2

|<«—> PB1

j«<—> PB0

ARITHMETIC/LOGIC
| CPU CONTROL | | UNIT
. ACCUMULATOR
o EENEEEEE
M68HC05
RESET ——» MCU INDEX REGISTER
T EENENEEN
STACK POINTER (}#
LofofofofoJofofo i AT T T T T T
PROGRAM COUNTER
lofofofofol T[T TTITLV]
CONDITION CODE
REGISTER
(T[] rInfe]z]
3
COP WATCHDOG MULTIFUNCTION C:D:
TIMER
AND
““—1 ILLEGAL ADDRESS 4
DETECT (:
x
Vpp ——» 8
POWER a
Vgg ——> 2
(&)
0SC1 ——»

08C2 «—]

INTERNAL DIVIDE
OSCILLATOR BY2 | INTERNAL CLOCK

Figure 1. MC68HCO05J1A Block Diagram

Single-Chip Microcontrollers (CSIC) 2.5-4

Motorola Master Selection Guide



l«—> PA7
< le—>» PAG
§ > PAS
4© S E le—> PA4
g O [« PA3
EPROM/OTPROM — 2112 BYTES £ le—> PA?
3 le—> Pat
fe—> Pao
BOOTLOADER ROM — 240 BYTES :b: -
=
SCK g w fe—> PB7ISCK
RAM — 128 BYTES C:{): _W/LI'} SioP  SDIfe—> i | I fe—> PBSISDI
Al —128 S00 [e—>1 5 | & le—» PB5ISDO
=
<€
o
TRGVpp ——>
o ARITHMETIC VRH | le— PC7VRY
LOGIC UNIT AN e «—> PC6/ANO
BESET - CONTROL °
RESET —>1gst (ALY) #{} ADC ANt Z| le—> rosant
MB8HC05 CPU AN2 [ S | £ [ Pouane
< a «—> PCI/AN3
CPUREGISTERS ANS a8 ca.
| e
INDEX REGISTER _] ¢D e [« FC1
[oToJoToJo o ofo] 1] 1] STACK POINTER ) [€—> PCO
fofolol PROGRAM COUNTER
CONDITION CODE TiTiTH]T N[ Z]C
REGISTER a
=
A 2 a
cPU 7@ el
CLOCK INTERNAL T0ADC a|8
CLOCK =
08ct ™ INTERNAL PV > AND S| je—> P05
0SC2 < OSCILLATOR Siop PD7/TCAP
cop (:
“~1 watcHDoG é
16-BIT TCAP
Voo . DIVIDE CAPTURE/COMPARE
Vgg —> POWER BY 4 TIMER TIMER l——>» TCMP
CLOCK

Figure 2. MC68HC705P9 Block Diagram

Motorola Master Selection Guide 2.5-5 Single-Chip Microcontrollers (CSIC)



68HC05 MICROCONTROLLERS

All 68HCO5 products have a standard operating voltage range from 3 V to 5.5 V unless noted in Comments.
All 68HCO5 products have a standard operating temperature range from 0 — 70°C.
Contact a Motorola Sales Office for availability of extended temperature versions.

Table 1. 68HC05 Microcontrollers

Motorola
Part ROM RAM EEPROM Display
Number (Bytes) | (Bytes) | (Bytes) Timer Serial | A/D PWM Drive vo COP Comments Packages
MC68HCO05B4 4K 176 16-bit: SCl+ 8ch 2c¢ch 24 /o v 56 SDIP-B
(21c, 20C) (8-bit) | (8-bit) 8i 52 PLCC - FN
20 64 QFP - FU
MC68HC05B6 6K 176 256 16-bit: SCI+ 8ch 2ch 24 i/o ¢ | On—Chip Charge Pump 56 SDIP - B
(2IC, 20C) (8-bit) | (8-bit) 8i EEPROM Write Protect 52 PLCC - FN
20 64 QFP - FU
MC68HC05B8 7.25K 176 256 16-bit: SCl+ 8c¢ch 2ch 24 ilo ¢ | On—Chip Charge Pump 56 SDIP-B
(2Ic, 20C) (8-bit) | (8-bit) 8i EEPROM Write Protect 52 PLCC - FN
20 64 QFP - FU
MC68HC05B16 15K 352 256 16-bit: SCl+ 8ch 2c¢ch 24 ilo v | On—Chip Charge Pump 56 SDIP-B
(2IC, 20C) (8-bit) | (8-bit) 8i EEPROM Write Protect 52 PLCC-FN
20 64 QFP - FU
MC68HC05BD3 3.75K 128 MFT, RTI 12c 16 ch 2410 v Horizontal and Vertical Sync 40DIP-P
(8-bit) Signal Processor 42 SDIP-B
MC68HC05BD5 7.75K 256 MFT, RTI 12c 16 ch 24 ilo v | Horizontal and Vertical Sync 40DIP-P
(8-bit) Signal Processor 42 SDIP-B
MC68HCO05C4A 4K 176 16-bit: SPI 24 ilo v | KBI (8 pins) 40DIP-P
(11C, 10C) ScCl 7i 1 High Current Pin (5 mA sink) 44 PLCC-FN
Mask Option Pullups 44 QFP - FB
High Speed Option (HSC05C4A) 42 SDIP-B
Low Power Option (HCLO5C4A)
(1.8 V minimum)
MC68HCO05C5 5K 176 128 16-bit: SIOP 32ilo ¢ | 8 High Current Pins (10 mA 40DIP - P
(11C, 10C) sink) LVPI, On—Chip Charge 44 PLCC-FN
Pump
MC68HCO05C8A 8K 176 16-bit: SPI 24ilo v | KBI (8 pins) 40DIP-P
(11C, 10C) SCI 7i 1 High Current Pin (5 mA sink) 44 PLCC~FN
Mask Option Pullups 44 QFP —-FB
High Speed Option (HSC05C8A) | 42 SDIP - B
Low Power Option (HCLO5C8A)
(1.8 V minimum)
MCB8HCO5COA 16K 352 16-bit: SPI 24ilo v | KBI (8 pins) 40 DIP -P
(1iC, 10C) scCi 7i 1 High Current Pin (5 mA sink) 44 PLCC-FN
Mask Option Pullups 44 QFP -FB
High Speed Option (HSCO5C9A) | 42 SDIP -B
Low Power Option (HCLOSC9A)
MC68HC05C12 12K 176 16-bit: Scl 24 i/o v 1 High Current Pin (20 mA sink) 40DIP-P
(ic,10c) | sPI 7i KBI (8 pins) 44PLCC - FN
Mask Option Pullups (8 pins) 44 QFP - FB
High Speed Option (HSC05C12) | 42 SDIP -B
Low Power Option (HCL05C12):
(1.8 V minimum)
MC68HC05CJ4 4K 224 16-bit: SPI 24 ilo v | 12c (slave Only) 44 QFP -FB
@1c,10¢) | sct
MFT 12c
MC68HC05D9 16K 352 16-bit: SCl 5¢h 31ilo v 8 High Current Pins (25 mA sink) 40 DIP-P
(11C, 10C) (6-bit) 30 kHz PWM 44 PLCC -FN
MC68HC05D24 24K 352 16-bit: Scl 5ch 31ilo v 8 High Current Pins (24 mA sink) 40DIP-P
(1iC, 10C) (6-bit) 30 kHz PWM 44 PLCC-FN
XC68HC05D32 32K 352 16-bit: SCi 5¢ch 31ilo v | 8 High Current Pins (24 mA sink) 40DIP-P
(11C, 10C) (6-bit) 30 kHz PWM 44 PLCC-FN
MC68HCO5E1 4K 368 MFT, RTI 20ilo v 32 kHz PLL Clock Synthesizer 28 DIP-P
28 SOIC - DW
MC68HCO5E6 6K 128 160 16-bit: 4ch 32ilo v KBI (8 pins) 44 QFP -FB
(11C, 10C) (8-bit) 4i Pin for External LVI 28 SOIC - DW
MFT, RTI
MC68HCO5E16 16K 352 320 16-bit: Dual 4ch 47ilo v | KBI (8 pins) 44 QFP -FB
(aic,20c) | 12c | (8-bit) 2i i 64 QFP - FU
MFT, RTI 32 kHz Programmable PLL 56 SDIP - B
Periodic Interrupt (.25, .5, 