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WHERE WE STAND. ..

TOTAL CUSTOMER SATISFACTION

Service, speed and facility of response, product
quality and reliability are the goals to which we are
dedicated. Programs such as our commitment to
Six Sigma performance and Cycle Time Reduction
are symbolic of a culture in which Total Customer
Satisfaction 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 posi-
tion 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
throughout the world, not only insures 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 3-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
o heeds identification or if you want to

know if Motorola manufacturers a particular
device type -

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

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

Look for it in the Subject Cross Reference.

If you want a quick overview of
e Motorola products for a specific
product category —

Use the handy 3-layered Contents system,
which guides you through the book quickly and
efficiently.

TELEPHONE ASSISTANCE, NORTH AMERICA ONLY

Calltoll-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
For design-in assistance, call

1-800-521-6274

NON-NORTH AMERICAN LOCATIONS

Please contact your local Motorola Sales Office
or Authorized Distributor. Thank you.
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The information in this book has been carefully checked and is believed to be accurate; however, no responsibility is
assumed for inaccuracies.

Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola does not assume
any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights
of others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal
injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and
hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and @are registered trademarks of Motorola, Inc. Motorola,
Inc. is an Equal Opportunity/Affirmative Action Employer.

Buffalo, Bullet-Proof, BurstRAM, CDA, DECAL, Designer’s, DIMMIC, DOME, DSPRAM, E-FETs, EpiBase, FIRsT,
GEMFET, HYPERformance, ICePak, L2TMOS, MAACPAC, MATCHEDPAIR, MDTL, MECL, MECL 10K, MECL 10KH,
MECL lll, MEGAHERTZ, MCCS, Media Engine, Memorist, MHTL, MicroSIMM, MONOMAX, MOSAIC |, MOSAIC II,

MOSAIC Ill, Mosorb, MTTL, Multi-Pak, MUSCLE, Mustang, uSIMM, OACS, OnCE, PHACT, PowerBase, POWERTAP,
PRISMCard, QUIL, SCANSWITCH, SENSEFET, SMALLBLOCK, SMARTDISCRETES, SMARTMOS, SMARTswitch,
SORF, Surmetic, SWITCHMODE, Symmetric Superscaler, TestPAS, Thermopad, Thermopad Il, Thermowatt, TMOS,
Unibloc, UNIT/PAK, Uniwatt, X-Ducer, Z-Switch, and ZIP R TRIM are trademarks of Motorola Inc.

Daisy is a trademark of Daisy Systems Corp.

Design Compiiler and HDL Compiler are trademarks of
Synopsys, Inc.

ETHERNET is a trademark of Xerox Corp.

FACT and FAST are trademarks of National Semiconductor Corp.
GED is a trademark of Valid Logic Systems Inc.

Gate Ensemble, Verilog-XL, and Veritime are trademarks of Cadence Design Systems, Inc.
IBM is a trademark of International Businss Machines.

HP/Apollo is a registered trademark of Hewlett-Packard Inc.
Macintosh is a trademark of Apple Computer, Inc.

Mentor Graphics is a trademark of Mentor Graphics Corp.

Sun-3 and S-4 is a trademark of Sun Microsystems Inc.

UNIX is a trademark of AT&T.

VAX is a trademark of Digital Equipment Corp.

All brand names and product names appearing in this document are registered trademarks or trademarks of their
respective holders.
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ASIC Philosophy

Motorola supports strategic programs and co-development partner-
ships to accelerate the availability of advanced processes (CMOS,
BiCMOS, Bipolar), packaging and CAD technology. Extensive re-
search, manufacturing and financial resources are focused to develop

and maintain leading edge capabilities.

CDA, Ceff-PGA, Customer Defined Array, MicroCool, MOSAIC |, MOSAIC |l

and MOSAIC il are trademarks of Motorola Inc.
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ASIC Preview

Bipolar
High-Speed ECL & ETL Arrays

Motorola's MOSAIC HI™ technology features modified
transistor structures to reduce series base resistance and collec-
tor-base junction capacitance. The resultis enhanced switching
speed. Mixed ECL/TTL interface compatibility and high fre-
quency (over 1.2 GHz) operation highlights the newly introduced
ETL Series.

CMOS
1.0 Micron HDC Series
Sub-Micron H4C Series

High density CMOS arrays (HDC Series) are built on
1.0 microndrawn (0.8 L ), triple-layer-metal CMOS process.
By utilizing three layers of metal for signal routing, designers can
typically achieve up to 70% utilization on a channelless archi-
tecture of minimum dimensions.

The sub-micron H4C Series enables densities over 300K
gates and 180 picosecond typical gate delay. The H4C
specifies an effective channel length of 0.7 micron and a power
dissipation of only 3 microwatts/Gate/MHz.

Design Automation Software
(OACS™)

Motorola's Open Architecture CAD System (OACS)
provides a complete ASIC development environment using
industry-standard workstations and leading third-party design
and verification tools. The OACS system integrates sophisti-
cated ASIC design software tools to handle high performance
designs and has the required flexibility to support future technol-
ogy advances.

Motorola's TAB (Tape Automated Bonding)
provides maximum /O density and performance.

Architecture for the 90's
CDA™ (Customer Defined Arrays)

Performance, density and power dissipation are critical
issues for next generation ASIC designs. The integration of
large diffused blocks and embedded memory willenhance intra-
chip communication and save board area. The Customer De-
fined Array (CDA) concept lets designers combine array
based, cell based, and full custom logic with diffused memory
blocks on a die. The concept equally supports Bipolar and
CMOS, each with the capability to incorporate BICMOS mod-
ules.

CDAs customize array architectures to meet specialized
system requirements of high density or high performance. This
promotes flexibility while minimizing costs (custom test, pack-
aging and elaborate power layout) normally associated with full
custom and standard cells.

CDA -THE ARCHITECTURE OF THE 90's

ARCHITECTURE METHODOLOGY

User
Gate
Arrays
Digital
Standard Cells
Building
Blocks
Standard Cells

Customer
Defined
Arrays™

BIPOLAR

TECHNOLOGY

Benefits:

¢ Time-to-market through integration of
functional building blocks and ASIC
design methodology.

¢ Customers can create application
specific arrays.

¢ Diffused RAM optimized for performance
and density.

¢ Fixed die sizes for ease of manufacturing.
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Bipolar
High-speed ECL & ETL Arrays

Third Generation ETL Series Arrays
Extend Design Flexibility

The newly announced ETL Series is flexible enough to
simplify translation between high speed logic families.

Three base arrays:
MCA750ETL, MCA3200ETL, MCA6200ETL

e  848t0 6915 Equivalent Gates

e  Channelled Architecture for up to 100% Utilization

¢ Input and Internal ECL Gate Delays - 0.15 ns (Typical)
e  TTL Input/Translation Cell Delay - 0.55 ns (Typical)

e Up to 168 Universal I/O Signal Ports

e Bidirectional ECL and TTL I/O Macros

e ECL 100K, Pseudo ECL and TTL Logic Interfaces

e Programmable Speed/Power Levels

e  Three-Level Series Gated Macros

e MCA2 and MCAB ECL Series Library Compatible

Motorola’s MOSAIC ™ bipolar process offers unexcelled
mixed TTL/ECL interface capability in a high performance,
mature technology.

ETL Series Features Mixed ECL-TTL Interface

The ETL Series offers mixed ECL, PECL (pseudo ECL)
and TTL compatible interfaces. The Series combines 150 ps
typical gate delays with 1200 MHz operating frequencies. Any
signal pin can be programmed for input, output, or bidirectional
signals in ECL, TTL or PECL logic. MOSAIC Ill process
technology, combined with innovative design, extensive
macrocell library and versatile /O structure adds up to
superior performance and flexibility.

ECL and ETL ARRAY FEATURES

st

MCAG6200ETL in multi-layer ceramic 224 Pin-Grid-Array
designed for high frequency, mixed-mode applications.

Technology MOSAIC |l MOSAIC 1l

Equivalent Gates 902 1708+RAM 2760 2412 12402 848 3570 6915
Internal (Major) Cells 36 64 110 68 414 24 110 225
/O Signals 54 120 120 108 256

Input/Interface Cells NA NA NA 96 224 Universal /0 Ports
Output (O) Cells 22 60 68 96 200 2 120 168
Max Gate Delay (ns) 0.5 0.5 0.5 0.175 0.175 0.2 0.2 0.2
Max I/O Frequency (MHz) 770 770 770 1500 1200 1200 1200 1200
Typ. Power Dissipation (W) 2.5 8.0 8.0 3-6 10-30 1-1.5 5-8 6-12
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CMOS
1.0 Micron HDC Series

Builtona 1.0 micron, triple-layer metal CMOS process, the
HDC Series represents a significant advancementin microchip
technology. By utilizing three layers of metal for signal routing
and power distribution, designers can achieve over 73,000
usable gates on a channelless architecture having minimum
chip dimensions. The result is very high performance
(subnanosecond loaded gates) combined with unprecedented
I/0 flexibility and density.

The HDC Series is available in a wide variety of plastic and
ceramic, through-board and surface mount packages. The
diversity of package style and pin count lets the designer best
match system size, cost and performance requirements.

Triple-Layer Metal Signal Routing Enhances Utilization.

Features:

e 3,000 to 105,000 available gates
e Typically up to 70% utilization
¢ Channelless Sea-Of-Gates architecture
. 1.0 micron drawn gate length (0.8 pu L )
e Triple layer metal routing and power distribution
o Eight transistor, fully utilizable, oxide isolated primary cell
e 250 picosecond typical gate delay (2-unit NAND)
U Fixed RAM blocks (single, dual and 4 port)
8x9 to 64 word x 72 bit configurations
Typical access time (T,,) = 2.29 ns on 8x9 dual port
» 5V CMOS and TTL compatible /O options el SFPMCR
e Low power consumption of 6 uW/gate /MHz
e /O Cells can be paralleled on chip for 48 mA drive
. Pin functions are 100% programmable as 1/O or power
e 2000 V ESD protection, latchup immunity to 100 mA
e Comprehensive workstation based CAD support

PLCC QFP
28-84 Pins 64-208 Pins

TYPICAL HDC SERIES PACKAGES
HDC SERIES FEATURES

HDC003 3,036 2,000 76 88 136
HDC006 5,670 4,000 96 120 162
HDCO008 8,208 6,000 108 144 182
HDCO11 11,208 8,000 120 168 202
HDCO016 16,416 11,500 136 204 232
HDC027 27,270 19,500 168 264 282
HDCO031 31,290 22,000 180 280 295
HDC049 49,368 34,500 216 348 354
HDC064 63,900 45,000 240 400 402
HDC105 104,832 73,000 300 512 492
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CMOS : '/—FIXED 1/0 RING
S u b_M iC ron H 4C s er | es IR O
CDA™ Architecture /0 CELLS—>

The H4C Series of CMOS Customer Defined Arrays™ RAM
(CDA) provides a new generation of ASICs to capture the
functionality of the sub-micron process. The new fabrication :>_TEGAFUNCT|0NS/

process of the H4C Series enables densities of up to 318,000 EMBEDDED BLOCKS
gates and supports speed requirements of 60 MHz processors
with a power dissipation of 3 uW/gate/MHz. GATE ARRAY
The CDA architecture offers the versatility and efficiency STRUCTURE
of system design on a single chip by providing large, fully-
diffused architectural blocks such as user configurable RAMs.
Additionally, to ensure high quality ASIC system designs,
several design-for-test implementations and clock skew
management macros are available.

The CDA Concept: Megafunctions and Embedded
Blocks Within a Gate Array.
Features:
* Upto 318,000 gates
e  Compatible channelless, Sea-Of-Gates and
CDA architectures
0.7 micron effective gate length
Triple-layer-metal signal routing and power distribution
Up to 70% gate utilization (typical)
180 picosecond typical gate delay (2-input NAND)
User configurable, fully diffused RAM blocks up to 256K bits
Low power consumption - 3 uw/gate/MHz
3.3V and 5.0 VCMOS and TTL compatible 1/0 cells TAB
JTAG (IEEE 1149.1) and LSSD/ESSD scan supported 188-376 Leads
High performance packaging
e Extended workstation-based CAD support for
embedded functions
e  Special macros available to manage clock distribution and
skew control

PGA
299-4XX Pins

e o o o o o o

MicroCool QFP
160-208 Pins

TYPICAL H4C SERIES PACKAGES
H4C SERIES FEATURES

H4C027 27,000 19,000 160 188 196
H4C035 35,000 24,500 176 208 224
H4CO057* 57,368 40,000 216 256 284
H4C086 86,000 60,000 260 304 344
H4C123* 123,136 86,000 304 360 416
H4C161 161,000 113,000 344 404 476
H4C195* 195,452 136,800 376 444 524
H4C318 318,000 222,500 464 556 648

*Initial product offering.

MOTOROLA MASTER SELECTION GUIDE REV 4
1-5



Design Automation Software

The Open Architecture CAD System (OACS™) provides
Motorola customers with a state-of-the-art and complete ASIC
design solution. The OACS consists of sophisticated ASIC
design software tools to handle today’s advanced gate array
designs. The system also incorporates the required flexibility
to support ASIC technologies of tomorrow.

The OACS system’s primary goal is to provide a user-
friendly, efficient suite of ASIC design tools to facilitate error-
free silicon design. The system allows the user to verify correct-
ness of the ASIC at each stage of the design process with tools
that closely mimic the workings of actual silicon. Traditional

design tools addressing design capture, logic interconnection
verification, and functional/delay simulation are fully supported
by the base OACS system. Optional productivity enhancement
packages such as diffused memory compilation (Memorist)
and Automatic Test Pattern Generation (ATPG) are fully
supported.

OACS System Highlights:

Supports CDA (Customer Defined Array) and Sea-of-Gates Architectures
EDIF 2.0.0 backplane approach to providing an open CAD architecture
Tools accessed through interactive menu system
Extensive Electrical Rules Checking (ERC)
Supports multiple technologies
Design-For-Test support: ESSD/LSSD Scan and JTAG Macros
Clock-tree synthesis, clock skew management, timing driven layout
Sophisticated delay calculations (DECAL)
» Continuous temperature, voltage, and process variation
* Delays computed based upon estimated and post-layout wiring
* Based upon intrinsic delays, input edge-rates, output loading, and distributed RC delays.
* User specified output loading
¢ Supports the following design automation tools:
¢ Synopsys’ Design Compiler™ and HDL Compiler™ logic synthesis tools
e Mentor Graphics’ NetEd™ schematic capture (Apollo)
e Valid Logic’'s GED™ schematic capture (Sun)
* Functional, pre- and post-layout simulation through:
- Mentor Graphics’ QuickSim™
- Cadence’s Verilog-XL™
Multi-Chip and Mixed-Level Simulation (Verilog) (OACS Version 2.0)
Cadence Gate Ensemble™ physical layout package
Cadence Veritime™ static timing analysis (OACS Version 2.0)
Motorola’s Mustang™ automatic test pattern generation
Motorola's Memorist™ SRAM Compiler (OACS Version 2.0)
* Motorola's TestPAS™ test vector validation and extraction (OACS Version 2.0)
e Complete documentation covering the entire ASIC design process

e Support available on HP/Apollo™ and Sun™3 and 4 workstations

OACS, CDA, DECAL, Memorist, Mustang, and TestPAS are trademarks of Motorola Inc.
Design Compiler and HDL Compiler are trademarks of Synopsys, Inc.

NetEd, QuickSim are trademarks of Mentor Graphics Corp.

GED is a trademark of Valid Logic Systems Inc.

Gate Ensemble, Verilog-XL, and Veritime are trademarks of Cadence Design Systems, Inc.
Sun-3 and Sun-4 are trademarks of Sun Microsystems Inc.

HP/Apollo is a registered trademark of Hewlett-Packard Inc.
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OACS Design Flow

(CREATE_BLOCK— Initialize Design |

| DESIGN_INFO -Collect Data |

A
J Memorist -SRAM Compilation* ]|

Symbols Models ‘F

Behavioral Description )

{ ‘ Verilog - Behavioral Simulation “

Y
ASIC_GED -Valid Schematic || [ CAPTURE -Mentor Schematic |«  Synopsys - Logic Synthesis ||
Database
[ FLATTEN- Flatten Database | [ EDIFMERGE - Netlist Translation |
Database EDIF Netlist v
Y
| NETLIST - Netlists & Control Files \|
EDIF & Verilog Netlists, Control Files
[ ERC - Electrical Rules Checking |
[ Verilog - Functional Simulation | [ QuickSim - Functional Simulation |

[ DECAL-Estimated Timing ||

Estimated Timing Data

Verilog - Estimated Simulation || FQuickSim - Estimated Simulation ]|

Y Y
v v

Veritime - Timing Analysis* | | | Mustang - ATPG & Fault Grading

Y Scan Test Pattern

C Test Patterns D)

Y
\TestPAS -Test Pattern Processing* }i

Verified Test Pattern
[ ASIC_ORV-Check Files* |

‘ ASIC_RELEASE - Release Files
EDIF Netlist, Layout & Test Vector Data

FGate Ensemble, Dracula - Layout 'I

Actual Metal Lengths and Capacitances
| DECAL - Back-Annotated Timing ||
Actual Timing Data
[ Verilog - Post-Layout Simulatiﬂ](—@:kSim - Post-Layout Simulationﬂ

Veritime - Timing Analysis™ ||

y
[ Release to Motorola |

*OACS Release 2.0
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Packaging and Test

Advanced Packaging

Low cost, high performance systems require excellencein
ASIC packaging technology. High density TAB (Tape Auto-
mated Bonding), MicroCool, QFP-MCR (Quad Flat Pack in an
optional Molded Carrier Ring) and Ceff-PGA™ (Cost-Effective
Ceramic Pin Grid Array) packages illustrate cost effective
manufacturing solutions for high lead count, high frequency
applications.

QFP in the Molded Carrier Ring (MCR)
Motorola currently offers the popular EIAJ standard Plas-
ticQuad Flat Package (QFP) in lead counts from 64 to 208 pins.
The Molded Carrier Ring (MCR) is a coplanarity and lead
protection device for QFP packages. The ring provides lead
protection during manufacturing/testing and shipping.
Standard ring sizes simplify manufacturing across the
range of packages and improve component testability.

MicroCool™ Quad Flat Pack

The MicroCool QFP is a new QFP compatible plastic
package with improved heat dissipation capacity. It has a heat
slug attached to a printed circuit board which supports a copper
lead frame. The package incorporates a molded carrier ring to
maintain pin coplanarity. MicroCool packaging is cost-effective
and capable of meeting high power dissipation (up to 3 W,
depending on temperature and ambient conditions).

Ceff-PGA™

The Ceff-PGA (Cost-Effective-Ceramic Pin Grid Array)
package serves applications between surface mount plastic
packages and ceramic, high performance, cavity down PGAs.
The Ceff-PGA has reduced gold contacts, glass sealed
ceramic lid and solder dipped leads. Low thermal resistance
allows power dissipation of over 2.5 watts in still-air applications.

Flip-TAB minimizes interconnect delays in high per-
formance MOSAIC lll-based multichip module.

Test

Motorola and Schlumberger's ATE Division have jointly
developed advanced test equipment aimed at improving the
reliability of high-complexity digital logic chips. The equipment
benefits ICs and multichip modules having up to 1,024 signal
pins in CMOS, BiCMOS and Bipolar technologies.

Schlumberger's "Typhoon" tester utilizes industry stan-
dards forboundary scan I/O channels and full scan internal logic
design. The tester supports Built-In-Self-Test (BIST) function-
ality and ring oscillator measurements to allow "at speed" test
of internal logic at clock speeds up to 800 MHz.

Fred Berneche (left), Manager of Motorola ASIC Test Develop-
ment and David Karpenske, V.P. of Strategic Products for
Schiumberger ATE Division announce the "Typhoon" tester
scheduled for general market availability.

QFP-MCR
64-208 Pins

Ceff-PGA
120-224 Pins

Quad Flat Pack Molded Carrier Ring (QFP-MCR) and Cost Effective
Ceramic PGA (Ceff-PGA) packages lower board costs.
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ASIC Design Centers

Motorola has established a worldwide network of ASIC ~ Other design center services include:
. CAD tools and applications support

. Design-For-Test (DFT) recommendations

. Automatic Test Pattern Generation services
*  Access to workstations in the design centers
. Periodic design reviews to ensure success

design centers to serve the design and applications needs of
our customers. The design centers provide support along the
entire ASIC design process from performance benchmarking
through to place-and-route and design release.

ASIC Design Support Locations

U.S.A. International

B ® Arizona,Chandler ........ccccoccovoeinennnene (602) 821-4000 ® England, Aylesbury, Bucks................... (0296) 395252
@ California, Los Angeles .........ccoccevveenes (714) 634-2844 @ France, Vanves ........ccccoccvveenieeciecnn, (01) 40355877
@ California, San Jose ..... ...(408) 749-0510 B ® Germany, Munich ..........ccccoveiienn. (089) 92103-0
® DC/Maryland, Washington .................. (301) 381-1570 @® Holland, Eindhoven .........cccccooviiieinen. (04998) 61211

@ lllinois, Chicago .........ccoveeeciniiiiccciennnns (708) 490-9500 M ® Hong Kong, Kwai Chung ..........cccceeenne 480 8333

® Massachusetts, Marlborough. .............. (508) 482-8100 @ Italy, Milan ..o (02) 82201
B ® Japan, TOKYO ....ocoveeieiiicciei e (03) 440-3311
® Sweden,Solna ...........cccoviiieeiine e, (08) 734-8800

@ Design Center Locations
B Headquarters
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Literature

To order any literature item, call or write:

Motorola Semiconductor Products
Literature Distribution Center
P.O. Box 20912
Phoenix, AZ 85036

(602) 994-6561

Order Number  Description
Design Manuals

H4CDM/D H4C Series CMOS Arrays
HCA62A00DM/D HCA62A00 Series CMOS Arrays
HDCDM/D HDC Series CMOS Arrays
BR165/D MCA800/2500ECL
BR312/D MCA2800RAM/2800ALS
MCA3ECL/D MCAS3 ECL Series Arrays
MCASBETL/D MCAS ETL Series Arrays
Data Sheets
ETL/D MCA750ETL, MCA3200ETL and
MCAG6200ETL Macrocell Arrays
H4C/D Sub-micron H4C Series CMOS Arrays
HCA62A00/D HCAB2A00 Series CMOS Arrays
HDC/D HDC Series CMOS Arrays
MCAB800ECL/D MCAB800ECL Macrocell Array
MCA1500M/D MCA1500M Macrocell Array
MCA2200ECL/D MCA2200ECL Macrocell Array
MCA2500ECL/D MCA2500ECL Macrocell Array
MCA2800ALS/D MCA2800ALS Macrocell Array
MCA2800RAM/D MCA2800RAM Macrocell Array
MCA10000ECL/D MCA10000ECL Macrocell Array

Brochures/Selector Guides

BR334/D ASIC Overview

BR357/D EDIF and Semicustom

BR916/D Packaging Manual for ASIC Arrays
BR931/D Symbols to Silicon (C_LAN)
BR1400/D Open Architecture CAD System

Application Notes/Article Reprints

AN1093/D Delay and Timing Methods for
CMOS ASICs

AN1094/D* Synopsys User's Guide

AN1095/D Clock Distribution

AN1096/D Guidelines for Using the
Mustang™ ATPG System

AN1098/D* Design Guidelines

AN1121/D* HDL-Based Design Methodology

AR330/D High Density ECL Arrays Ease
System Implementation

AR332/D CDA Array Papers

AR336/D ASIC TAB Packaging Papers

AR337/D Surface Mounting Tackles Fine
Pitches Technical documentation facilitates error-free silicon design.

*Advance Information
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MUSCLE: Mixed-Mode
Unified Scalable Cell
Library Elements

Motorola’s MUSCLE Families of CMOS standard
cells feature a common but diversified set of digital,
high-performance analog, and customized memory
cells based on unified design rules that allow confident
migration from 2.0u to 0.8u. This semicustom program
provides an unparalleled capability to design mixed-sig-
nal integrated circuits with state-of-the-art technologies
that support market leadership products.

In 1990 this semicustom program attained an electri-
cal AOQ of 3 ppm, a quality level that exceeded even
Motorola’s corporate goal of Six Sigma quality.

Basic Digital Cells

A large portfolio of digital cells offers standard SSI/

MSI functions such as:

» Input, output, bidirectional, 3-state and open drain
buffers with up to 48 mA drive capability

o Active input pull-up and pull-down devices

o | arge variety of elementary and complex gates

» Multiplexers and multiplexer blocks

¢ Single and multiple latches

» Flip-flops with various features including scan/hold
flip-flops

e Counters and counter building blocks

¢ Adder/subtracter blocks

Basic Analog Cells

Standard and high performance analog functions in-
clude cells with a wide range of specifications similar to
the most popular analog ICs in the industry, such as:
¢ Analog switches with on-state resistance as low as

100 ohms
* Bandgap references, 1.2 V/2.5 V with power down

capability
o Comparators with a variety of common mode ranges

and power down capability

» Operational amplifiers featuring low offset, enhanced
output drive capabilities and power down mode with
1 to 20 MHz unity gain bandwidth

¢ A variety of current sources and bias cells

« Crystal oscillator amplifiers with on-chip bias resistor
and start-up capacitors

¢ Self-contained and 3-pin RC oscillators

* Power-on-reset with power supply glitch protection

Customized Memories

Extensive use of modern silicon compilation tech-
niques allows the fast customization of RAM and ROM
blocks, supported by CAD generators for schematic
capture and simulation. RAMs can be configured to “m”
words by “n” bits with “m” being any mulitiple of 16 up to
4K and “n” being any integer from 1 to 32. Thus, RAM
blocks of up to 4Kx32 can be generated. Worst case ac-
cess times for a 256x8 RAM are ranging from 23 ns with
MDA20 down to 11 ns with the MDAOQS8.

ROMs can be configured to “m” words by “n” bits with
“m” being any multiple of 128 up to 8K and “n” being any
integer from 1 to 32. Thus, ROM blocks of up to 8Kx32
can be customized with worst-case access times of 66
ns for the MDA20 down to 35 ns with the MDAOS for an
8Kx8 ROM.

Programmable Logic Arrays

Motorola is developing a PLA supercell compiler as a
component of our semicustom design capability. A PLA
compiler provides benefits and advantages which make
it an indispensable part of our standard cell library:
¢ Custom-tailored functions not available in a gate
array solution
* Area-saving substitute for ROMs using ESPRESSO
reduction

¢ 10:1 area advantage over combinational logic

e Support for state machine and logic synthesis tool
users

Mixed-Signal Solutions
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A unique characteristic of PLAs is the “sum-of-pro-
ducts” logic function, which can be minimized using
Boolean minimization algorithms such as UC Berkeley’s
ESPRESSO. By using “don’t care” values to consolidate
addresses that yield the same output vectors, a PLA can
implement the same function as a ROM while using only
a fraction of the silicon area.

Special Cells

In addition to the powerful range of cells in the
MUSCLE library, Motorola works closely with major cus-
tomers to develop enhanced solutions according to cus-
tomer specifications. These enhanced solutions quite
often result in design modifications to some existing
cells or the development of entirely new cells that are in-
corporated into our existing library after thorough char-
acterization. Examples of these modified or newly de-
veloped cells are:

* 80 mA high drive CMOS output cells

¢ Low offset comparators (typical 2 mV @ 25°C)

* Low power oscillators (<1 pA)

o LCD cells customized to specific display configura-
tions

¢ LCD voltage reference cell

¢ LCD front/backplane drivers

» High performance video cells such as a 30 MHz gain
bandwidth operational amplifier, an 8-bit differential

DAC with <20 ns settling time, a 7-bit differential ADC

with 14 MHz sampling, and a smooth differential 2:1

video multiplexer

JTAG Boundary Scan Cells
As a complement to the MUSCLE standard cell

libraries. Motorola is developing scan cells that provide
enhanced testability. Designed according to IEEE
1149.1, these scan cells include:

e Input/output

¢ Bypass register

o TAP controller, etc.

By use of both pad and core cells, and hard and soft
macros, scan methodology can be tailored to both pad
and core limited designs, making the most efficient use
of silicon area. This allows the standard cell itself to be
tested by scan techniques in addition to allowing the
chip to be integrated into the designer’s board/system
test requirements.

CAD Support

Motorola has developed the MUSCLE standard cell
libraries with software tools that integrate with the most
advanced design tools supplied by major CAD software
vendors. Design tools supported include Cadence’s
Amadeus design framework with the Verilog simulator,
closely coupled to the Synopsys design compiler and
the Cell3 Ensemble sea-of-gates, triple layer metal rout-
er. Motorola’s Design Verificiation Module (DVM) which
is made available to customers for netlisting, schematic
capture, and simulation, supports HP-Apollo/Mentor
with QuickSim for simulation, TANCELL for placement
and routing, and Dracula for layout and verification un-
der Mentor’s 7.0 software release. Motorola will support
Mentor’s 8.0 Falcon software release and QuickSim Il
simulator.

Scalability

MDA15
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Family Characteristics

, M . MDAOS8
0.56x 0.44x 0.37x 0.25x
1.8u 1.25u 0.83u 0.75un
160,000 160,000 160,000 160,000
N-Well N-Well N-Well N-Well
20K 60K 80K 175K
m Fr <50 <65 <80 >100
D Toggle Rate (MHz) 59 98 167 TBD-3Q91
 Operating Voltage: 3.0-6.0V 3.0-6.0V 3.0-6.0V 3.0-60V
| Temperature Range | -55 10 +125°C —55 to +125°C —55 1o +125°C -55 10 +125°C
|ESD o >6000 V >6000 V >6000 V TBD-3Q91
150 mA 150 mA 150 mA TBD-3Q91
300 mA 300 mA 300 mA TBD-3Q91
93 141 141 TBD-3Q91
26 46 6 TBD-3Q91
21 21 21 TBD-3Q91
6 6 6 TBD-3Q91
0.75ns 0.69 ns 0.48ns TBD-3Q91
1.98 ns 1.67 ns 1.33ns TBD-3Q91
4Kx32 4Kx32 4Kx32 4Kx32
<30 ns <25ns <15ns TBD-3Q91
8Kx32 8Kx32 8Kx32 8Kx32
<85ns <60 ns <35ns TBD-3Q91
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes Yes Yes
HP-Apollo Sun/HP-Apollo Sun/HP-Apollo Sun/HP-Apollo
Mentor Cadence/Mentor Cadence/Mentor Cadence/Mentor
NETED Composer/NETED Composer/NETED Composer/NETED
QuickSim Verilog/QuickSim Verilog/QuickSim Verilog/QuickSim
Dracula Dracula Dracula Dracula
HSPICE HSPICE HSPICE HSPICE
TANCELL TANCELL/Cell3 TANCELL/Cell3 TANCELL/Cell3
Ensemble Ensemble Ensemble
HSPICE HSPICE/Saber HSPICE/Saber HSPICE/Saber
N/A Synopsys Synopsys Synopsys
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes No Yes
Yes Yes No Yes
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes No Yes
Yes Yes Yes Yes
DL149/D DL152/D DL153/D TBD

**DVM = Design Verification Module for schematic capture and simulation

Amadeus, Cell3 Ensemble, Dracula, TANCELL, Composer, and Verilog are trademarks of Cadence Design Systems.
Falcon, NETED, and QuickSim are trademarks of Mentor Graphics.

Synopsys is a trademark of Synopsys, Inc.

Saber is a trademark of Analogy, Inc.
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CAD Support Features

MOTOROLA SEMICUSTOM

Cadence Framework Il
Amadeus 4.1

Verilog—XL 1.5¢
Motorola “DECAL”

STL Language

Timing Analyzer/Veritime
Synopsys 1.3

Motorola Simcap-TIC/TSSI
Cadence/SCS
TANCELL/Cell3 Ensemble
Dracula

Synopsys Test Compiler

Verilog/Saber/HSPICE

Verifault

Front-End System Design

Design Data : Motorola System Design Kit
Verilog—XL |
Simulator : Tool Library Data
I
HDL I
(Behavior) | -

\ |

Synopsys  |<— : schema.db schema.sdb
I
I
I

Verilog-XL
(Simulator)

Verilog-PLI
(Delay Calculator)

)

Model

Synopsys
Internal DB

Simcap

(Test Vector ERC) \
* Rule

File

ERROR

to Motorola Simulation

Results

U(

C

to Motorola
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In Brief . ..

Motorola continues to be a leading supplier of components for
microcomputer systems. The product portfolio includes digital signal
processors; CISC and RISC advanced microprocessors and comple-
mentary full-function peripherals; a comprehensive selection of
high-performance microcontrollers; VLS| support functions for PC
applications; and a broad range of fast static RAM and dynamic RAM
chips and modules.

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.

Microcomputer

Components

Page
Digital Signal Processors . ................ 2-3
The M68000 MPU Family ................. 2-11
The M88000 RISC Family ................ 2-19
Single-Chip Microcontrollers . . . ............ 2-23
PC Chip Set Components . .. .............. 2-33
MOSMemories .. ....................... 2-37
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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 conformance
to international standards.

Currently, Motorola addresses three main areas of DSP hardware:
general purpose, algorithm specific processors and peripherals. Our
general purpose processors include 16- and 24-bit fixed point and
32-bit floating point families.

In addition, we offer a comprehensive array of developmenttools 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.

Digital Signal
Processors

Page
DSP56100 — 16-Bit ... .................. 2-4
DSP56000 —24-Bit . .................... 2-5
DSP96000 — 32-Bit ............. e 2-6
DSP Peripherals .. ......... ... ... ....... 2-7
DSP DevelopmentTools . ................. 2-8
Development Software . .................. 2-9
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Digital Signal Processors
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 (DSP) was
designed primarily for speech coding, telecommunications
and control applications. Each family member combines the
high speed 5616 core with 8K bytes of on-chip RAM, two serial
ports, one parallel port and a timer, plus the OnCE™ on-chip
emulator.

The DSP56156 expands this basic configuration with on-
chip codec and phase-locked loop (PLL).

Host Control

or
Port B /O

i

)

[<— HR/W

l—— HACK

Host Data Bus

[ HAQ
[<—HEN

A0-A15 € Address Bus
2 Serial
e <:°a‘a ~ ss108 581
or
i Port C I/0
On-Chip ¢t ! DSP56156
Codec 9
T, 1
Bus gt QUt} Timer or
Control 9 << Tin J PortC 10
[——Power
[<€—Ground
R
< |@m |10 |+ O = Q|
EIBE[F o 2B2E
< @ ol and S 2
§ § ;; PLL B
OnCE™
Interrupt and
Mode Control
PART NUMBERS

40 MHz in PGA

40 MHz in CQFP

40 MHz in CQFP

DSP56156 BENCHMARKS

DSP56156 Features:

e 20 Million Instructions per Second (MIPS) — 50 ns instruc-
tion cycle at 40 MHz

e Single-cycle 16x16-bit parallel multiply-accumulator

* Two 40-bit accumulators including extension byte

e Fractional and integer arithmetic with support for multipreci-
sion arithmetic

e Highly parallel instruction set with unique DSP addressing

modes

Nested hardware DO loops including infinite loops

Zero-overhead fast interrupts (two instruction cycles)

Three 16-bit internal data buses

Three 16-bit internal address buses

On-chip peripheral registers memory mapped in data

memory space

Low power Wait and Stop modes

Operating frequency down to DC

On-chip oscillator

Single 5V power supply

2Kx16-bit on-chip data RAM

2Kx16-bit on-chip program RAM

Bootstrap loading from external PROM, Host Interface or

Synchronous Serial Interface 0 (SSI0)

Synchronous memory expansion port (Port A) with 16-bit

address and data buses

24 general purpose I/O pins

Byte-wide Host Interface with DMA support

Two independent synchronous serial interfaces

Built in p-law and A-law compression/expansion

Up to 32 software selectable time slots in network mode

16-bit timer with external input/output

On-Chip Emulation (OnCE™) for unobtrusive, processor

speed independent debugging

Hardware support for high-level languages

Two instruction LMS adaptive filter loop

On-chip codec

Phase-locked loop frequency synthesizer
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DSP56000 — 24-bit Digital Signal
Processors

The DSP56000 family of 24-bit fixed-point general purpose
DSPs feature three single-cycle execution units — the Data
ALU, the Address Arithmetic Unit and the Program Controller
— which operate in parallel at instruction speeds up to 16.5
MHz. Xdata, Y data and Program data memories are provided
on—chip and each is expandable off-chip to provide up to 192K
words of 24-bit data address space. The on-chip I/O is flexible,
with two serial ports and a parallel Host. The high throughput of
the DSP56000/1 makes them well-suited for communication,
high-speed control, numeric processing and computer and au-
dio applications.

The DSP56000 has on-chip Program and Data ROMs that
can be factory customized. It has a run rate of 10.25 million
instructions per second and a clock speed of 20.5 MHz.

The DSP56001 is a RAM-based version of the 56000. Due
toits on-chip Program RAM, the 56001 is available off the shelf
forimmediate implementation. Itincludes two data ROMs con-
taining MU-Law and A-Law tables and sine-wave generation
tables and is available in the following speeds.

The DSP56001 (20.5 MHz) has a run rate of 10.25 MIPS.
The DSP56001 (27 MHz) has a run rate of 13.5 MIPS. The
DSP56001 (33 MHz) has a run rate of 16.5 MIPS.

The DSP56002 is a RAM-based version designed using the
Universal Design Rules (UDR) and incorporating on-chip
emulation (OnCE™). It is available in 40 MHz.

HO-H7
or
Port B 11O

Host Control

or
PortB1/0

v}

[<— HACK
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[ HA0
[— HA1
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[— R/
«——[EN
le—>HREQ

[<€— RXD
A0-A18 Address Bus
— Txp \ SCI
Serial
SCLK
D0-D15 Data Bus «—> 500\
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PSS -—o
DS -— l«—>» (2
RD <— SSI
Bus R le—> oK Serial
Control
XY <—— e SRD
BR —>
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<< @ | 2 Q o
g B [g“ﬁ EE L8
X ale %
o (=]
o O
G = )
Interrupt and
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DSP56001 BENCHMARKS

~ Benchmark - Instruction Cycles =
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DSP56001 Features:

e 16.5 Million Instructions per Second (MIPS) — 60 ns in-
struction cycle at 33 MHz
24x24—56-bit parallel multiply/accumulate
Two 56-bit accumulators
Linear, modulo and bit reversed address generation
Nested hardware DO loops
No overhead auto-return (fast) interrupts
62 MPU-style instruction types
Suitable for high level language compilers
On-chip MCU-style peripherals
— 24 programmable I/O port pins
— 8-bit parallel host MPU/DMA interface
— Serial Communication Interface
— Synchronous Serial (Codec) Interface
e On-chip memory
— Two independent 256x24-bit data RAMs and ROMs
— 512x24-bit program RAM (DSP56001)
e Off—chip memory
— 128Kx24-bit data memory
— 64Kx24-bit program memory

PART NUMBERS

20 MHz ROM-based in PGA
| 20 MHz ROM-based in CQFP
| 27 MHz RAM-based in PGA
| 27 MHz RAM-based in CQFP
| 27 MHz RAM-based in PQFP
| 33 MHz RAM-based in PGA
| 33 MHz RAM-based in CQFP
| 33 MHz RAM-based in PQFP
0 MHz RAM-based in PGA
40 MHz RAM-based in CQFP
40 MHz RAM-based in PQFP
40 MHz RAM-based in PGA
| 40 MHz RAM-based in PQFP
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DSP96000 — 32-bit IEEE Floating
Point Dual-Port Processors

The DSP96000 is a family of single-chip, dual port, low-pow-
er, general purpose 32-bit IEEE floating-point DSPs. The cen-
tral processing unit consists of three execution units operating
in parallel: the Data ALU, the Address Generation Unit and the
Program Control Unit. The DSP96002 has full architecture
compatibility with the DSP56100 and DSP56000 families
which allows for ease of design and programming when work-
ing on any Motorola DSP.

The DSP96002 has two identical memory expansion ports
simplifying network configurations for multiprocessor and
DSP96002 communications. These ports interface with
SRAMs, DRAMSs (operating in their fast access modes) and
video RAMSs. Each port can be transformed into a Host Inter-
face which supports easy interfacing to other processors for
multiprocessor applications.

The superior performance of the DSP96002 has allowed
Motorola to designate it as the Media Engine™ processor. Al-
though designed primarily for graphics processing, other
applications include communication, spectrum analysis, in-
strumentation, speech processing and pattern recognition.

The DSP96002 is available in 27 MHz, 33 MHz and 40 MHz.

PART NUMBERS

| 33 MHz in PGA
| 40 MHz in PGA

Interrupt and
Mode Control

DSP96002 Features:

o
=1
()
} :
E
iROA
iRQC,

[<€—MODA/IRQ

[<€—\I0DB/IRQB

¢ |EEE 754 Standard SP (32-bit) and SEP (44-bit) arithmetic

20 Million Instructions per Second (MIPS) — 50 ns instrcu-

tion cycle at 40 MHz

e 60 Million Floating Point Instructions per Second (MFLOPS)
peak with a 40 MHz clock

e Single-cycle 32x32-bit parallel multiplier

¢ Highly parallel instruction set with unique DSP addressing

Port 8 modes

Nested hardware DO loops

Fast auto-return interrupts

Two independent on-chip 512x32-bit data RAMs

Two independent on-chip 1024x32-bit data ROMs

Off-chip expansion to 2x232 32-bit words of data memory

On-chip 1024x32-bit program RAM

On-chip 64x32-bit bootstrap ROM

Off-chip expansion to 232 32-bit words of program memory

Two identical external memory expansion ports

On-chip 2-channel DMA controller

On-chip emulation (OnCE) for unobtrusive, processor

speed independent debugging
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°

——>DSO

32/

Port A Address

32

DSP96002

17 17 /
PonA7 Control Port B / Control

3 3/

PortA /' Host Interface Port B / Host Interface
and Control and Control

—
CLK =

Vi Quiet =1
Vgg Quiet —>1
VCCNoisy >

\/SSNoisy
e 6 o6 o o o o o o o o

MOTOROLA MASTER SELECTION GUIDE REV 4
2-6



DSP Peripherals —

DSP56200 — The Cascadable
Adaptive Finite Impulse Response
Digital Filter

The DSP56200 is an algorithm-specific DSP peripheral de-
signed to perform computationally-intensive tasks. Two princi-
pal algorithms are implemented on the DSP56200 making the
primary functions finite impulse response (FIR) and adaptive
FIR filtering. Its performance, features and simple interface
with host microprocessors make the DSP56200 a natural so-
lution for echo cancelling, noise cancelling, convolution, corre-
lation and orthogonal transform applications.

Key Features:

Low Power HCMOS

100 ns per tap throughput

256x%16-bit data RAM

256x24-bit coefficient RAM

16x24-bit multiplier, 40-bit accumulation
Three modes of Operation

— Single FIR filter

— Dual FIR filter

— Single adaptive FIR filter with dc tap and leakage control
Programmable tap lengths

— 256 taps in single channel mode
— 128 taps per channel in dual mode
Cascadable in single channel mode
Programmable leakage and gain

8-bit I/0 port with 7 control lines
Scratch pad memory

Power down mode

PART NUMBERS

10.5 MHz in CERDIP

DSP56ADC16 — The Analog to
Digital Converter

The DSP56ADC16 is a single-chip, linear analog-to-digital
(A/D) converter. Itis an ideal choice for high-performance digi-
tal audio systems, voice-bandwidth communication and con-
trol applications. It does not require antialiasing filters and
sample-and-hold circuitry because they are aninherent 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

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 +5V (£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

‘ ~ Description
| 16-bitin CERDIP
16-bit in PDIP
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DSP Development Tools —

Application Development Systems

Every member of the Motorola Family of 16, 24 and 32-bit
DSPs is supported by a multi-component Application Devel-
opment System (ADS) which acts as a tool for designing, de-
bugging and evaluating real-time DSP target system equip-
ment. The ADS simplifies evaluation of the user’s prototype
hardware/software product by making all of the essential tim-
ingand l/O circuitry easily accessible. Usingan IBM PC™, Ma-
cintosh™ Il or a SUN-3™ 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 dis-
played. The ADS is fully compatible with the CLAS design-in
software package for each product and may act as an acceler-
ator for testing DSP algorithms.

Emulation capability is available for the DSP56000ADS with
the addition of an emulator cable which plugs into the euro—
card connector on the ADS board. The DSP56156ADS and
DSP96002ADS 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 —

e Single/multiple stepping through DSP object programs

e Conditional/unconditional software and hardware break-
points

e Program patching using a single-line assembler/disassem-

bler

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 develop-

ment

e Hexadecimal/decimal/binary calculator

e Multiple input/output file access from DSP object programs

e On-line help screens for each command and register

Hardware —

¢ Full speed operation

e Multiple ADM support with programmable ADM addressing

e Stand-alone operation of ADM after initial development

DSP56156ADS Features:

System commands from within ADS user interface program
16K words of configurable static RAM expandable to 64K
words

2K words of EPROM with sockets expandable to 16K words
Full support of multiple data memory maps

96-pin connector provides access to all DSP56156 pins

DSP56000ADS Features:

e Host operating system commands from within ADS user in-
terface program

8K/32K words of configurable RAM for DSP56000/1 code
development

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

1K words of monitor ROM expandable to 4K words
Separate connectors for accessing serial or host/ DMA ports

DSP96000ADS Features:

System commands from within ADS user interface program
128K words of configurable static RAM expandable to 512K
words

2K words of EPROM with sockets expandable to 64K words
Full support of multiple data memory maps

Two sets of 96-pin connectors provide access to all
DSP96002 pins

PART NUMBERS
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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, oper-
ands and assembler directives into a Common Object File For-
mat (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.

Eachpackage is available in three versions depending upon
the Host machine that will be used. The available options are
for an IBM PC, Macintosh I, SUN-3, SUN-4, or NeXT work-
station.

PART NUMBERS

Host Machine

IBM PC is a trademark of International Business Machines.
Macintosh is a trademark of Apple Computer, Inc.

NeXT is a trademark of NeXT Computer, Inc.

SUN-3 and SUN-4 are trademarks of Sun Microsystems, Inc.

NEW C-Compiler Packages

A full ANSI C compliant compiler, based on GNU technolo-
gy, provides higher efficiency and implements more than 20
major optimization techniques. It has improved in-line assem-
bly capability and an ANSI C preprocessor. The package in-
cludes the C Compiler, a new COFF Assembler, Linker, com-
plete 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 below.

PART NUMBERS

| GNu C Compiler | HostMachine |

DSP56000/1
DSP56KCCA IBM PC™ 386
DSP56KCCB Macintosh™11
DSP56KCCC SUN3™
DSPS6KCCF SUN-4™

DSP96002
DSP9BKCCA BMPC™386
DSP9SKCCB |Macintosh™i

SUN?STM
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In Brief . ..

An MPU For All Functions

To designers of the most advanced microcomputer systems, the
Motorola M68000 Family of microprocessors need 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 applica-
tions 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 capabili-
ties. Control applications include graphics, numerical controllers,
robotics, telecommunications switching and PBX voice/data transmis-
sion.

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 LSl 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.

The M68000 MPU Family

. . . the upward compatible
8-/16-/32-Bit
Microprocessor Family

Page
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Microprocessors
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MC68040 — Block Diagram
MC68040 The MC68040 is an enhanced, 32-bit, HCMOS

Third-Generation 32-Bit Microprocessor

The MC68040 is Motorola’s third generation of
M68000-compatible, high-performance, 32-bit micro-
processors. The MC68040 is a virtual memory micropro-
cessor employing multiple, concurrent execution units
and a highly integrated architecture to provide very high
performance in a monolithic HCMOS device. On asingle
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 parallel-
ism is achieved through the use of multiple independent
execution pipelines, multiple internal buses, and a full
internal Harvard architecture, including separate physi-
cal caches for both instruction and data accesses. The
MC68040 also directly supports cache coherency in
multimaster applications with dedicated on-chip bus
snooping logic.

microprocessor that combines the integer unit process-
ing capabilities of the MC68030 microprocessor with
independent4K-byte data and instruction cachesand 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

MOTOROLA MASTER SELECTION GUIDE REV 4
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MICROPROCESSORS (continued)

address translations by storing recently used transla-
tions. 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.

MC68030RC,RL,RP,FE
The Second Generation 32-Bit MPU

The 030 started with a high performance 020 core and
added many performance improvement features includ-
ing 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 instruc-
tion 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.

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 trans-
lates logical address to the corresponding physical
addresses 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

See package suffix definitions on page 2-18.

other functions sothat no translationtime is added to any
bus cycle.

MC68ECO030RP
32-Bit Enhanced Embedded Controller

The MCB8ECO030 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 main-
tained, allowing a clear migration path for M68000
systems.. The MC68ECO030 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 sizingis available for direct interfacing to 8-, 16-, and
32-Bit Devices. The EC030 is available in 25- and
40-MHz operating frequency providing up to 9.2 MIPS.
The MC68ECO030 includes 32-bit nonmultiplexed ad-
dress and data buses, sixteen 32-bit general-purpose
data and address registers, and two 32-bit supervisor
stack pointers and eight special-purpose control regis-
ters. The EC030 provides complete support for copro-
cessors with the M68000 coprocessor interface. There
is two access control registers that allow blocks to be
defined for cacheability protection. The pipelined archi-
tecture, 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).

MC68020RC,RL,RP,FC,FE
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 compat-
ible growth path.

The 020 has a full 32-bit internal and 32-bit external,

regular, symmetrical architecture designed with the

customerinmind. It offers allthe 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 heps 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.
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MICROPROCESSORS (continued)

MC68010LC,P,R,RC,FN
A Virtual Memory Enhancement

The MC68010 offers the advantage of Virtual Mem-
ory. A high-speed loop mode operation executes tight
software loops faster to enhance performance. Its in-
struction 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.

MC68HCO000LC,P,R,RC,FN,FC
A Micropower Alternative

HCMOS design gives the MC68HCO000 all the func-
tions 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
MC68HCO000 is ideal for high-performance computer
peripherals, industrial controllers, instrumentation and
communications equipment.

MC68HCO001RC,FN,FC
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 compat-
ible 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.

MC68000L,LC,P,R,RC,FN
The 16-Bit Foundations

As the first member of the M68000 family, the state-
of-the-art technology and advance circuit design con-
cepts of the MC68000 16-bit MPU started a new trend
in microprocessor architecture. Its seventeen 32-bit
data and address registers permit rapid internal execu-
tion of its powerful yet simple instruction set. It is
designed for large multiprocessing systems and real-
time applications with vectored interrupts, seven priority
levels and 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.

See package suffix definitions on page 2-18.

MC68008LC,P,FN
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-seg-
mented, 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.

Integrated Processors

MC68302RC,FE
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 com-
munications 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 fea-
tures 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 exam-
ples of suitable applications for this device

The IMP is a complementary metal-oxide semicon-
ductor (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.

MC68340RP,FE
Integrated Processor with DMA

The MC68340 is a high-performance 32-bit inte-
grated processor with direct memory access (IPD),
combining an enhanced M68000-compatible processor,
32-bit direct memory access (DMA), and other peripher-
al subsystems in a single package. The combination of
peripherals offered in the MC68340 is found in most
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INTEGRATED PROCESSORS (continued)
'MC68340RP,FE (continued)

microprocessor-based systems and in a diverse range
of applications, including embedded control and general
computing. Applications requiring very high-speed DMA
transfers will especially benefit from the MC68340. For
all applications, the high level of functional integration
results in significant reductions in component count,
power consumption, board space, and cost while
yielding much higher system reliability and shorter
design time.

The MC68340 includes the Central Processor Unit
(CPU), where most of the data manipulation and
decisions are made, and a DMA controller for indepen-
dently moving large blocks of data around memory or
between memory and peripherals. Both of these in a
single chip, the MC68340 IPD comprises many of these
common elements of a digital system. Each element is
designed to operate with the other elements of the chip
at peak efficiency: all talking together over the same bus;
all synchronized with the same signals; all running at the
same high speed. The resulting chip allows system
designers to more quickly develop their specific product
since a major portion of their hardware design has been
completed. Since much of the system is supplied in the
MC68340, many smaller applications need only to add
the memory system. All that remains is to program the
hardware to perform the desired tasks.

Coprocessors

MC68851RC
Paged Memory Management Unit, PMMU

The PMMU is a 32-bit memory manager which pro-
vides full support for a demand paged virtual environ-
ment with the 68010 or MC68020. It supports a
4-gigabyte addressing space when used as a coproces-
sor with the MC68020. It supports a 4-gigabyte address-
ing space when used as a coprocessor with the
MC68020. An on-chip address translation cache mini-
mizes translation delays and maximizes system per-
formance.

MC68881RC,FN
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 mem-
bers, and with non-M68000 processors as well. It
performs floating point math calculations in strict
conformance to a full implementation 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 in-
clude root values, trigonometric functions, exponentials,
hyperbolics, and logs. All functions are calculated to 80
bits of extended precision in hardware.

See package suffix definitions on page 2-18.

MC68882RC,FN
Enhanced Floating Point Coprocessor

The MC68882 is pin-to-pin hardware and software
compatible with the MC68881 Floating Point Coproces-
sor and implements a variety of performance enhance-
ments 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

MC68450L,R,RC
DMA Controller DMAC

The DMAC maintains high-performance data move-
ment 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.

MC68440L,P,R,FN
Dual Direct Memory Access Controller,
DDMA

The DDMA complements the performance capabili-
ties 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 memo-
ry-to-peripheral transfers through each of two complete-
ly independent DMA channels. The DDMA also offers
two interrupt vectors per channel and supports both 8-bit
and 16-bit data transfers.

Network Devices

MC68824RC,R,FN
Token Bus Controller, TBC

The TBCis the industry’s first single-chip VLS| 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 effi-
cient 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.
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NETWORK DEVICES (continued)

MC68184P
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.

MC68185RC,FN
Twisted-Pair Modem

The MC68185 twisted-pair modem (TPM) is used in
conjunction with a MC68824 token pus 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 reduc-
tion of received data.

MC68194RC,FN
Carrierband Modem

The bipolar LSI MC68194 carrierband modem
(CBM), when combined with the MC68824 token bus
controller (TBC), provides an IEEE 802.4 single-chan-
nel, 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),

See package suffix definitions on page 2-18.

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.

MC68195FN
LocalTalk Adaptor

The MC68195 LocalTalk adaptor (LA) is used in
conjunction with the MC68302 integrated multiprotocol
processor (IMP) to build a network interface to Local-
Talk™, also known as AppleTalk™. LocalTalk refers to
the 230.4-kbps local area network (LAN) that connects
multiple Maclntosh™ 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 LANs at up to 2.5 Mbps using bi-phase
space (FMO0) encoding.

MC68605RC,R,FN
X.25 Protocol Controller, XPC

The XPC implements the 1984 CCITT X.25 Recom-
mendation 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 independent-
ly 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.

MC68606RC,FN
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-perfor-
mance 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

MC68681P,L,FN
MC2681L,P,FN

Dual Universal Asynchronous
Receiver/Transmitter, DUART

The MC68681 features two completely independent
full-duplex asynchronous receiver/transmitter channels
that interface directly to the M68000 microprocessor
bus. Receiver dataregisters are quadruple buffered and
transmitter data registers are double buffered for mini-
mum 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 communi-
cation applications. Full device functionality with an
M6800 bus interface is provided by the MC2681.

MC68661P

MC2661P

Enhanced Peripheral Communication
Interface, EPCI

The EPCI is a universal synchronous/asynchronous
data communications controller that interfaces to the
M68000 Family and most other 8- or 16-bit microproces-
sors. Its receiver and transmitter are double buffered for
efficient full- and half-duplex operation. An internal baud
rate clock (with various baud rate sets available)
eliminates the need for a system clock. The EPCI
converts parallel data characters accepted from the
microprocessor data bus into transmit-serial data.
Simultaneously, the EPCI can convert receive-serial
data to parallel data characters for input to the MPU.

General Purpose I/0

MC68230LC,P,FN
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.

MC68901LC,P,FN
Multifunction Peripheral, MFP

The MFP provides basic microcomputer function
requirements as a single companion chip to the M68000

See package suffix definitions on page 2-18.

Family of Micorprocessors. 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.

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 accommo-
date 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.

MC68836FN
FDDI Clock Generator

The MC68836 FDDI Clock Generator (FCG) imple-
ments 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 communi-
cate with the MC68837 device. The FCG directly
connects to fiber optic modules through differential
driver/receiver pins. Features include full duplex opera-
tions, 125 MHz clock recovery from incoming serial
NRZI data stream, and 125 MHz transmit clock genera-
tion.

MC68837RC,FC
Elasticity Buffer and Link Manager

The Elasticity Buffer and Link Manager (ELM) imple-
ments the remaining of the PHY functions of the FDDI
standard including data framing, elasticity buffer, encod-
ing, decoding, smoothing, line sate detection, and
repeat filter. The ELM also implements some Station
Management (SMT) functions which are : Connection
Management (CMT), Physical Connection Manage-
ment (PCM), Physical Connection Insertion (PCl), and
Link Error Monitor (LEM).
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FIBER DISTRIBUTED DATA INTERFACE (continued)

MC68838RC,FC
Media Access Controller

The Media Access Controller (MAC) implements the
MAC portion of the FDDI standard. The MAC protocol is
the lower sublayer 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 multicast
address recognition.

MC68839RC.FC
FDDI System Interface

The FDDI System Interface (FSI) is a high perform-
ance interface device which can easily connect to any
bus including high speed processors, little- and big-en-
dian busses, and multiplexed/non-multiplexed address
data busses. Its primary purpose s to interface the FDDI
protocol devices to the user system bus. FSI features
include support for a ring buffer structure, addressing
flexibility, programmable partitioned internal RAM for
temporary data storage, two.32-bit ports, the ability to
sustain (60 ps) bus latencies, support for synchronous
and asynchronous frames, and the ability to chain
multiple buffers per frame.

Development Tools

M68302ADS
Application Development System

The M68302ADS is a stand-alone board developed
by Motorola that includes software modules (driver

code, LAPB, LAPD, and X.25), a real-time kernel, and
a monitor/debugger. The board consists of the
MC68302, memory (512K bytes of RAM expandable to
1M bytes, 256 bytes of EPROM and EEPROM), and an
MC68681 DUART (to allow all MC68302 serial ports to
be available to the user). It is an inexpensive, ideal
platform for software development and testing.

M68FADS
FDDI Chip Set
This development tool includes the FDDI ADS board

and SMT source code on an Apple or MS-DOS 3.5”
diskette or DC600A cartridge tape.

M68340EVS
Evaluation System
The M68340EVS consists of a platform board (PFB),

a business card computer (BCC), and a BCC develop-
ment interface (BCCDI).

Support Software

M68KESW-PC1

This Intermetrics software package is for the 68K
Family (68000, 68008, 68HC001, 68010, 68020, 68030,
68EC030, 68040, 683xx). The M68KESW InterTools
packageincludes 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.

InterTools is a trademark of Intermetrics, Inc.
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In Brief . ..

The life of a successful microprocessor architecture can be
expected to span decades. The 88000 RISC architecture was
designed as an extensible architecture allowing generations of future
product family members well into the next century. The flexible design
of the 88000 allows for the addition of special function units in the
future. These special function units will accelerate floating point
operations, graphics, and other sophisticated applications.

The M88000 RISC Family

Page

Architecture, Performance, and
Software Compatibility ................... 2-20
Microprocessor ... 2-20
Cache/Memory Management Units .......... 2-20
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Motorola’s 88000 RISC
Microprocessors

. . . an architecture you

can build on

The 88000 RISC was designed from the start for
superscaler implementations. In fact, the design of the
coming second generation 88110 microprocessor is a
unique superscaler implementation called Symmetric
Superscaler.™ The Symmetric Superscaler design al-
lows 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 number of instructions they can execute in
asingle clock cycle, future members of the 88000 will be
able to deliver 6, 8, 10 or even more 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, it is even more important to
maintain software compatibility. Motorola’s 88000 Fami-
ly comes from the only company committed to long term
upward software compatibility through such features as
register scoreboarding and protected pipelines. Our
goal is to make sure each successive generation of the
88000 RISC family delivers a performance level 4 times
greater than the preceding generation 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.

Microprocessor

MC88100RC
32-Bit RISC Microprocessor

The MC88100 is the first processor in the M88000
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 instruc-
tions are nondestructive register to register or register
with immediate operations, allowing both fast operand
access and operand reuse. |EEE 754 floating-point
arithmetic is supported in the processor. Instruction and
data memory space are accessed through separate
memory ports, allowing simultaneous access to dedi-
cated 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 develop-
ment tools.

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. Trans-
lated addresses are provided by one of two ATCs
(address translation caches), providing address transla-
tion in one clock cycle for most memory accesses. The
PATC (page address translation cache) is a 56-entry,
fully associative cache containing recently used transla-
tions for 4-kilobyte memory pages and is maintained by
MC88200 hardware. The BATC (block address transla-
tion 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 mecha-
nisms that support multiprocessor applications. The
MC88200 CMMU also includes an MC88100-compat-
ible P bus (processor bus) interface and an M bus
(memory bus) interface. A processor may use two or
more CMMUSs for increased data cache and ATC sizes.
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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 manage-
ment 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 transla-
tion 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
MC88204 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 mecha-
nisms that support multiprocessor applications. The
MC88204 CMMU also includes an MC88100-compat-
ible 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.
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Motorola offers the most comprehensive selection of high-
performance microcontrollers anywhere —fromour industry-standard
8-bit devices to the cutting-edge technology of our new 16- and 32-bit
products. Just pick the family of products that meets your needs for
price and performance, then select from the incredible variety of
on-chip peripherals to fill the precise requirements of your design.

The sophisticated on-chip capabilities of the M68HC11, M68HC 16,
and M68332 Families in particular have proved ideal for the
fast-response, interrupt-intensive demands of embedded control
environments.

All our 8-bit families are “related,” so you can change families to
upgrade a system without having to start over with new architecture
or software. The same upward source code compatibility exists within
our 16- and 32-bit families. Not only that, but the 16-bit line is fully
compatible with the 8-bit families, so you can even jump from 8- to
16-bit technology without starting from scratch.

Single-Chip
Microcontrollers (MCUs)

Page
The M68300 Family ..................... 2-24
The M68HC16 Family .. .................. 2-25
The M6BHC11 Family .................... 2-25
The MB8HCO5 Family . ................... 2-27
The M6801 Family ...................... 2-30
The M6804 Family ...................... 2-30
The M6805 Family ...................... 2-30
8-Bit MPU/Peripherals . .................. 2-31
Serial Peripheral Interface ................ 2-31
Development Support .. .................. 2-32
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The M68300 Family — 32-Bit, HCMOS

The high-performance M68300 Family is designed for em- design flexibility, with microcontroller-family upward migration
bedded control applications. It integrates the proven perform- capabilities and compatibility with our large 68000 installed
ance of the 6800-based microcontrollers with the incredible software base.

power of 68000-based microprocessors. The result is more
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The M68HC16 Family — 16-Bit, HCMOS

The M68HC16 Family uses a modular approach incorporat-
ing peripherals from our rapidly-growing M68300 Family, pow-
erful control-oriented DSP instructions, and speed that is eight

speed, and room to grow.

68| 0 1K 0 General Purpose Timer: | Queued | Yes 50
3or41C,40r50C, SPI, SCI 132 FE
Pulse Accumulator,

2 PWM, RTI, WDOG

times that of the M68HC 11 line. Coupled with the ease of mov-
ing up from 8-bit predecessors, it gives unparalleled power,

ee Definitions on page 2-26.

The M68HC11 Family — 8-Bit, HCMOS

The MCUs in the high-speed, low-power M68HC11 Family
contain a variety of sophisticated on-chip peripheral

capabilities, including flexible serial interfaces, powerful tim-
ers, and highly accurate A/D converters.
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THE M68HC11 FAMILY (continued)

Microcontrollers
0 16 bit-3 IC, 5 OC, SPI,SCI | Yes | 22 0-3.0 52 FN N/A External Bus
RTI, WDOG, 48 P Port Replacement HC24
Pulse Accumulator
0 256 512 16 bit-3 IC, 5 OC, SPI,SCI | Yes | 38 0-3.0 52 FN N/A External Bus
RTI, WDOG, 48P Port Replacement HC24
Pulse Accumulator
8K 256 0 16 bit-3 IC, 5 OC, SPI,SCI | Yes | 38 0-3.0 52 FN 711E9
RTI, WDOG, 48 P
Pulse Accumulator
8K 256 512 16 bit-3 IC, 5 OC, SPI,SCI | Yes | 38 0-3.0 52 FN 711E9
RTI, WDOG, 48 P
Pulse Accumulator
0 192 0 16 bit-3 or 4 IC, SPI,SCI | No | 14 0-3.0 40P N/A External Bus
4 0or 5 OC, RTI, WDOG, 44 FN Port Replacement HC27
Pulse Accumulator 44 FU
4K 192 0 16 bit-3 or 4 IC, SPI,SCI | No | 32 0-3.0 40P 711D3
4 or 5 OC, RTI, WDOG, 44 FN
Pulse Accumulator 44 FU
0 512 0 16 bit-3 or 4 IC, SPI, SCI | Yes | 22 0-3.0 52 FN N/A External Bus
4 or 5 0OC, RTI, WDOG, Port Replacement HC24
Pulse Accumulator
0 512 512 16 bit-3 or 4 IC, SPI,SCI | Yes | 38 0-3.0 52 FN N/A External Bus
4 or 5 OC, RTI, WDOG, EEPROM Block Protect
Pulse Accumulator Port Replacement HC24
12K | 512 0 16 bit-3 or 4 IC, SPI,SCI | Yes | 38 0-3.0 52 FN 711E9

4 or 5 OC, RTI, WDOG,
Pulse Accumulator

12K | 512 512 16 bit-3 or 4 IC, SPI,SCI | Yes | 38 0-3.0 52 FN 711E9 EEPROM Block Protect
4 or 5 OC, RTI, WDOG,
Pulse Accumulator

0 256 2K 16 bit-3 or 4 IC, SPI,SCI | Yes | 38 | 0-2.0 52 FN N/A External Bus
4 or50C, RTI, WDOG, EEPROM Block Protect
Pulse Accumulator Port Replacement HC24
0 1K 512 16 bit-30or 4 IC, SPI,SCI | Yes | 54 0-4.0 68 FN N/A External Bus
4 or 5 OC, RTI, WDOG, Programmable Chip
Pulse Accumulator Selects
- EEPROM Block Protect
Port Replacement HC27
16K | 512 0 SPI, SCI | Yes 84 FN N/A 4 PWM, Event Counter
24K 512 0 SPi, SCI | Yes 84 FN N/A 4 PWM, Event Counter
11 24K | 768 640 16 bit-3 or 4 IC, SPI,SCI | Yes | 64 | 0-2.1 84 FN 711K4 Non-Mux Address/Data
4 or50C, RTI, WDOG Bus
| 0 512 0 16 bit-3 or 4 IC, SPI,SCI | Yes | 30 | 0-3.0 64 FU N/A External Bus
4 0r50C, RTI, WDOG, 68 FN Port Replacement HC24
Pulse Accumulator
0 512 512 16 bit-3 or 4 IC, SPI,SCI | Yes | 46 | 0-3.0 64 FU N/A External Bus
4 or 5 OC, RTI, WDOG, 68 FN EEPROM Block Protect
Pulse Accumulator Port Replacement HC24
16K | 512 0 16 bit-3 or 4 IC, SPI,SCI | Yes | 46 | 0-3.0 64 FU 711L6
4 or 5 OC, RTI, WDOG, 68 FN
Pulse Accumulator
16K | 512 512 16 bit-3 or 4 IC, SPI,SCI | Yes | 46 | 0-3.0 64 FU 711L6 EEPROM Block Protect
4 or 5 OC, RTI, WDOG, 68 FN

Pulse Accumulator
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THE M68HC11 FAMILY (continued)

rammable MCUs‘

One-Time Programmable and Reprog

| EPROM | RAM | Timer

3 Bus: . |
Serial | AD_| VO Speed;
: A9 MHz

4K 192 0 16 Bit-3 or 4 IC,

4 0r50C, Pulse

Accumulator, RIT,
WDOG

SPI, SCI | No 32 0-3.0 Multiplexed Bus

12K 512 512 16 Bit-3 or 4 IC,
4 0or50C, Pulse
Accumulator, RTI,

SPI,SCI' | Yes | 38 0-3.0 Multiplexed Bus

EEPROM Block Protect

WDOG

WDOG
24K 768 640 16 Bit-3or4IC, SPI, SCI | Yes | 62 0-4.0 84 FN Non-Multiplexed Bus
4 0r50C, 84 FS EEPROM Block Protect
4 PWM Pulse
Accumulator, RTI,
WDOG
16K 512 0 16 Bit-3 or 4 IC, SPI, SCI | No 54 0-2.0 68 FN Non-Multiplexed Bus
4 0or50C, Pulse 68 FS
Accumulator, RTI,
WDOG
16K 512 512