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MOTOROLA INC.

To Our Valued Customer:

Due to the importance of semiconductor devices in the design of high-technology
equipment, it is Motorola’s desire to make product selection as quick and easy as
possible.

To meet this challenge, we have developed the Motorola Data Disk concept to provide
you “at the desk” access to computerized device selection (via IBM PC or equivalent).

The introduction of the Power Transistor version of the Data Disk in 1987 met with
immmediate and positive reception on your part. Now, utilizing your feedback and sug-
gestions we are introducing a new disk which covers our complete Discrete product
line.

In the near future we will introduce a disk covering the complete Motorola Semicon-
ductor product line. The selectivity will be enormous, ranging from the simplest device
to the most complex integrated circuit family.

The Motorola Data Disk includes product identification as well as selection according
to a variety of major electrical specifications and price. And, we believe its user-
friendly menu will let you identify products that meet your needs in just a matter of
minutes.

You can obtain a free copy of the latest Motorola Data Disk from your nearest
Motorola Semiconductor Sales Office or Distributor.* We would like you to try this new
communications medium and let us know your suggestions for improving its useful-
ness to you. Your ideas will help us better serve your needs.

Wy E

Charles E. Thompson
V.P., Director of World Marketing

*You can obtain a copy of the disk by mail by sending your check or money order for
$2.00 to Motorola Literature Distribution, P.O. Box 20912, Phoenix, AZ 85036. Please
request the Motorola Data Disk, DK101/D, in your letter.

Semiconductor Products Sector
3102 North 56th Street, Phoenix, Arizona 85018-6606 (602) 952-3000
P.O. Box 52073, Phoenix, Arizona 85072-2073




MOTOROLA INC.

Dear Valued Customér:

We appreciate your interest in Motorola's semiconductor products. The Master Selection Guide
you've received is currently under major revision due to new product introductions in several areas.

To fill the high demand until the revision is completed, we've reprinted a limited number of the
current edition. To receive information on the products that are not included in this edition, we've
supplied you with a list of Product Selector Guides and Data Disks.

Simply call the Literature Distribution Center at (602) 994-6561 to order those documents or contact
your nearest Sales Office. Please refer to the Document Number when ordering.

- We will have the new edition available as soon as possible and we apologize for any inconvenience.
Sincerely,
Kelly Rudd
Manager, Sector Technical Publications

Data Disks

Document No.

DK101/D SPECS IN SECS - Electronic Selector Guide (5 1/4” MS-DOS® Compatible)

DK201/D SPECS IN SECS - Electronic Selector Guide (3 1/2" Macintosh® Compatible)

Microcomputer Components Discrete

Document No. Document No.

SG146/D DSP BR121/D Pressure Sensors

SG147/D MPUs SG34/D Thyristor

SG148/D MCUs SG46/D RF Products

BR292/D MCU Evaluation Products SG48/D Bipolar Power Transistor

SG103/D MOS Memories SGS6/D TMOS Power MOSFET
SG79/D Switchmode
SG87/D Optoelectronics
SG114/D EMS Modules/High Power Transistors
SG131/D Full Pak Power Semiconductors
SG132/D Small-Signal Transistors, FETs and Diodes
SG137/D ICePAK
SG139/D Surface Mount Discrete Products

Digital & Analog Integrated Circuits

Standard Logic Families Linear

Document No. Document No.

SG60/D FAST and LS TTL SG96/D Linear and Interface Integrated Circuits

SG71/D MECL

SG122/D FACT, Advanced CMOS Logic

SG125/D HIGH-SPEED and 1400 SERIES CMOS LOGIC

Full Pak, ICePAK, MECL, Switchmode and TMOS are trademarks of Motorola, Inc.
FACT and FAST are trademarks of National Semiconductor Corporation.
MS-DOS and Macintosh are registered trademarks of Microsoft, Inc. and Apple Computer, Inc. respectively.

14226-11 PRINTED IN USA 4/90 IMPERIAL LITHO C71935 30,000 GEN
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WHERE
WE STAND...

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

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

As a manufacturer of semiconductors since the very be-
ginning 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, ca-
pable of filling 75-80% of the many applications for semi-
conductor 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 assis-
tance to engineers and technicians in making a first-order
selection of components best suited for a specific circuit or
system design.

1 If you have a device number that needs identifi-
e cation or if you want to know if Motorola manu-
factures a particular device type —

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

2 If you have a device name or acronym and wish
e to know if Motorola makes such a device —
Look for it in the Subject Cross Reference.

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

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

TELEPHONE ASSISTANCE

1-800-521-6274

Call toll-free any weekday, 8:00 to 4:30 p.m., M.S.T. If the
call can't cover your application requirement, we’'ll have an
applications engineer contact you and help you to market
faster.

Total Customer Satisfaction

MOTOROLA MASTER SELECTION GUIDE
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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 authorized for use
as components in life support devices or systems intended for surgical implant into the body or intended to support or sustain
life. Buyer agrees to notify Motorola of any such intended end use whereupon Motorola shall determine availability and suitability
of its product or products for the use intended. Motorola and () are registered trademarks of Motorola, Inc. Motorola, Inc. is
an Equal Employment Opportunity/Affirmative Action Employer.

BET, Buffalo, Designer’s, Duowatt, Econocap, E-FETs, EpiBase, Epicap, Full Pak, GEMFET, HDS-200, HDS-300, HYPER-
formance, HYPERmodule, ICePAK, Isothermal, Macro-T, Macro-X, MDTL, MECL, MECL 10K, MECL 10KH, MECL Ili, MHTL,
Micro-T, MONOMAX, MOSAIC |, MOSAIC I, MOSAIC lil, MTTL, Multi-Pak, OnCE, PowerBase, POWERTAP, QUIL, RF MACRO,
SENSEFET, SMARTMOS, SMARTswitch, SUPERBRIDGE, Surmetic, SWITCHMODE, Thermopad, Thermopad Il, Thermowatt,
TMOS, Uniblock, UNIT/PAK, Uniwatt, X-ducer, and ZIP R TRIM are trademarks of Motorola Inc.

CQUAMB® is a registered trademark of Motorola Inc.

Daisy is a trademark of Daisy Systems Corp.

ETHERNET is a trademark of Xerox Corp.

FACT and FAST are trademarks of National Semiconductor Corp.
IBM is a trademark of International Business Machines.
Macintosh is a trademark of Apple Computer, Inc.

Mentor Graphics is a trademark of Mentor Graphics Corp.

Sun is a trademark of Sun Microsystems Inc.

UNIX is a trademark of AT&T.

VAX is a trademark of Digital Equipment Corp.

©MOTOROLA INC., 1989
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MOSAIC |, MOSAIC I, MOSAIC lil and TRIM are trademarks of Motorola Inc.

Mentor Graphics, NETED, GED and QuickSim are trademarks of Mentor Graphics Corporation.
VERILOG XL is a trademark of Gateway Design.

TANGATE is a trademark of Cadence.
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Macrocell Arrays

The Right Process for System
Performance . . . The Right Size for
Efficient Utilization and Minimum Cost

Motorola Macrocell Arrays offer the designer the same
choice of process technologies that is available for discrete
logic designs.

Selected arrays are offered for both commercial and mili-
tary applications.

@ For very high speeds — State-of-the-art ECL Arrays offer
subnanosecond gate delays.

For advanced TTL applications — ALS-TTL Arrays pro-
vide higher speed and lower power consumption at con-
ventional TTL prices.

For applications demanding very low power consumption,
and low cost — Advanced 2-micron silicon-gate CMOS
Arrays.

For system level integration — High Density 1.0 micron
CMOS Arrays can achieve over 75,000 usable gates on
a channeless architecture of minimum dimensions.

To permit cost-effective implementation, Macrocell arrays
are stocked in a variety of prediffused array sizes, that permit
optimized utilization of die space for varying VLSI circuit
complexities.

About Motorola Macrocell Arrays

Motorola’s Macrocell technology is an extension of the
gate-array concept. Each cell in the Macrocell array con-
sists of a number of uncommitted components. Stored
within a computer library are the specifications for creating
interconnecting patterns that transform the unconnected
components into SSI/MSI logic functions called macros.
These macros yield standard logic elements such as flip-
flops, adders, latches and numerous other high perfor-
mance, space-efficient, predefined functions.

Generating a semicustom circuit design is simply a matter
of selecting the required macrocells from the library and
describing the interconnect network for implementing the
desired results. Motorola’s CAD interface provides automatic
cell placement and interconnect routing as well as extensive
design rule checks. It also performs ac delay simulation, gen-
eration of test tapes and customized metalization patterns
required to perform the IC processing sequence.

Compared with the conventional approach to custom circuit
design, the Macrocell approach offers a tremendous reduc-
tion in design and delivery time. Compared with equivalent
systems constructed of discrete logic building blocks, the high
packing density of array-based components can provide a
reduction of system component count approaching several
orders of magnitude.

Motorola’s tape automated bond (TAB) process provides a
method of mounting die to a tape for use in multichip modules.
In this case, no package'is necessary, and die-on-tape is sup-
plied in a carrier.

TYPICAL MACROCELL ARRAY LAYOUT
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BiMOS, MECL, MECL 10K, MECL 10KH, MOSAIC I, MOSAIC Il and MOSAIC il are trademarks of Motorola.
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High-Speed ECL Arrays

MCA10000ECL Array Sets New
Standards

¢ Gate Delays As Low As 100 ps (TYP.)

® Power Dissipation As Low As 1 mW/gate
¢ 10,000 Equivalent-Gate Density

® 256 1/0O Signal Ports

These are the vital statistics of Motorola’s third generation
ECL Macrocell Array. Compared with second generation
products, it represents four times the maximum available gate
count and one third the gate delay time.

But the performance improvements don't stop with the sta-
tistics alone. With the new array, the designer can program
speed-power system performance to match critical system
requirements. By means of Motorola's CAD system you can
select either a high or low power base array. The designer
can then individually program logic switch currents and inter-
nal output drive levels. These options yield a performance
range from 0.3 ns maximum gate delays with 1.0 mW dis-
sipation to 0.15 ns maximum delay with 3.0 mW per gate.

On-Chip 1K RAM Enhances ECL Array
Functions

With approximately 1500 equivalent logic gates this
Motorola (MCA1500M) ECL Macrocell Array can satisfy a
wide variety of design options while its four on-chip blocks
of 32 x 9 user-configurable RAM simplify system imple-
mentation and reduce manufacturing costs.

Performancewise, this array is among the fastest and most
versatiie available. Internal gate delays of 0.3 ns and output
gate delays of 0.75 ns offer state-of-the-art throughput, while
its density packs the equivalent of up to 50 discrete SSI/MSI
logic functions into a single package. With a power dissipation
of 8 W (typical) per array, system power dissipation can be
reduced by as much as 12 to 1 compared with an equivalent
circuit board housing discrete circuits.

Typical Applications:
e State of the art CPU/FPU designs
® >750 MHz Telecommunications
® High Speed VLS| testers

MCA1500M Macrocell Array Layout

[M] Major cen

Bias Gen

@ Write Strobe Gen

[©] output cen Clock Cell

The Motorola ECL Array Series

The following table describes the range of capabilities for designs implemented with Motorola ECL arrays.

T McA

| 1500 | 10000ECL
Technology MOSAIC | MOSAIC |l MOSAIC il
Max Gate Equivalent 652 1192 902 1708 + RAM 2760 2208 10332
Internal (Major) Cells 24 48 36 64 110 68 414
I/O Ports 46 60 54 120 120 108 256
Input/Interface Cells 25 32 -— — — 96 224
Output (O) Cells 18 26 22 60 68 96 200
Max Gate Delay (ns) 1.2 1.2 0.5 0.5 0.5 0.175 0.175
Max Toggle Frequency (MHz) 250 250 770 770 770 1200 1200
Typ Power Dissipation (W) 25 4.0 25 8.0 8.0 3-6 10-30

MOTOROLA MASTER SELECTION GUIDE
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HDC Series High Density
CMOS Arrays

Built on a 1.0 micron, triple-layer metal CMOS process, the
HDC series represents a significant advancement in micro-
chip technology. By utilizing three layers of metal for signal
routing and power distribution, designers can achieve over
75,000 usable gates on a channeless architecture having
minimum chip dimensions. The result is very high perfor-
mance (subnanosecond loaded gates) combined with
unprecedented I/O flexibility and density.

Features:

e 3,000 to 105,000 available gates

o Typically over 75% utilization

e Channeless Sea-Of-Gates architecture
1.0 micron drawn gate length (0.75 w Leff)
Triple layer metal routing and power distribution

PGA
84-299 Pins

250 picosecond typical gate delay (2-input NAND)

Fixed RAM blocks (single, dual and 4 port)
8 x 9 to 64 word x 72 bit configurations
Typical access time (Tpa) = 3.0 ns on 8 x 9 dual port

®
®
® Eight transistor, fully utilizable, oxide isolated primary cell
.
°

® 5V CMOS and TTL compatible I/O options LPGA

e Low power consumption of 6 uW/gate/MHz 68-144 Pins

e |/O Cells can be paralieled on chip for 48 mA drive

e Pin functions are programmable as 1/0O or power

e 3000 V ESD protection; latchup immunity to 300 mA QFP
64-160 Pins

Comprehensive workstation based CAD support

Technology:

@ 1.0 micron drawn Gate Lengths PLCC

e Three-layer Metallization 28-84 Pins ¢

3.6 micron M1 Pitch

TYPICAL HDC SERIES PACKAGES

TABLE 1 — HDC SERIES ARRAY FEATURES

HDC003 3,036 2,000 76 88 136
HDCO006 5,670 4,000 96 , 120 162
HDCO008 8,208 6,000 108 144 187
HDCO11 11,208 8,000 T 120 168 204
HDCO16 16,416 12,000 136 204 229
HDCO031 31,290 23,000 180 280 291
HDCO064 63,900 48,000 240 400 402
HDC105 104,832 75,000 300 512 486

MOTOROLA MASTER SELECTION GUIDE
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HCAG62A Series —
CMOS Arrays

The Motorola HCAB2A series of macrocell arrays is imple-
mented in silicon gate technology, with 2-micron drawn gate
length, dual-layer metal interconnection and high-speed
(HCMOS) processing. Equivalent gate counts from 600 to
8500 offer cost-effective arrays for a wide range of applica-
tions. The Series is available in an extensive line of plastic
packages for commercial applications.

Functionally, the Series features full /O flexibility and com-
pletely flexible power and ground inputs. The uncommitted
1/O buffers contain N- and P-channel transistors which may
be configured into any of 27 different input buffers, 16 different
bidirectional buffers or three different output buffers which
may be paralleled for up to 24 mA of driving current. Power
and ground pads may be placed at any buffer location around
the array.

Sampling of available array packages. Range of packages
includes everything from 16-pin DIP to 144-pin PGAs in plastic
and ceramic.

HCAG62A Series 2-Micron CMOS Macrocell Arrays

6] HCAG2A17 | HCA62A10 |
Primary Cells 2856 2236 1658 1200 816 546 319
Equivalent Gates 8568 6708 4860 3600 2448 1638 1957 648
Bidirectional Pads 168 146 124 102 84 68 54 44
Vpp Pads Power and ground pins are programmable to any package pin.
Vgg Pads Number of pins varies with array utilization and output loading.
Typical Gate Delay (ns) 2.1 21 2.1 21 2.1 21 21 21
Typical Frequency (MHz) 85 85 85 85 85 85 85 85
Package Range (Pins) 68-144 68-144 40-120 40-100 40-84 28-80 24-52 16-48

The ALS TTL Array Series

Schottky clamped TTL has become the most pervasive
form of digital logic in current use. The popularity of these
TTL families (LS, ALS and FAST) stems from their ease of
use, low cost, medium-to-high speed operation and good
output drive capability. For its macrocell array line, Motorola
has selected the MOSAIC (oxide-isolated) process.

The ALSTTL array family differs from FAST in that it pro-
vides a 50% reduction in power dissipation and improved
speed (frequency) characteristics. Yet, it is I/O compatible
with its more pervasive (in discrete logic form) LSTTL building
blocks. Thus, ALS macrocell arrays offer the performance
advantages of this advanced family for the development of
VLSI circuits while maximizing interface capability with the
large assortment of discrete LS functions.

Motorola currently offers three array sizes ranging from 500
to 2800 equivalent gates per chip, plus an additional 2800-

gate array featuring on-board 16 x 8 multiport memory (RAM).
The characteristics of the available arrays are described in
the following table:

Max Gate Equivalent 533 1280 2860 |1800+RAM
Internal (M) Cells 24 60 130 74
1/O Ports 57 75 120 120
Input Cells 26 40 120 120
Output Cells 27 40 120 120
Max Gate Delay (ns) 4.0 4.0 1.1 1.1
'I‘:AFZ’; .T("“ﬁ’g'ze) 80 80 150 150
Power Diss. (W) 1.0 14 3.5 3.0

MOTOROLA MASTER SELECTION GUIDE
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Design Software for
Application Specific
Circuits

Motorola’s Open Architecture CAD System consists of
ASIC design software tool sets for high performance engi-
neering workstations.

The base OACS tool set provides engineers with software
that will handle today’s gate array designs and tomorrow’s
technologies as they become available. It allows design cap-
ture using the HDC Series symbol library to simulate design
behavior over commercial, industrial, automotive and military
temperature ranges, resimulate the actual performance of the
design after physical layout, and perform rigorous timing
checks prior to releasing a design.

OACS System Highlights:

e EDIF backplane approach to providing an open architecture
e Tools accessed through interactive menu system
e Supports the following design automation tools:
® Mentor Graphics’ NETED™ schematic capture (Apollo)
® Valid Logic’'s GED™ schematic capture package (Sun)
e Functional, pre and post layout delay simulations
through
— Mentor Graphics’ QuickSim™

The traditional design tools addressing design capture,
logic interconnection verification, and functional/delay simu-
lation are fully supported by the base OACS system. In addi-
tion, Motorola is responding to the escalating complexity of
the ASIC design process by offering optional productivity
enhancement packages such as static timing analysis, ATPG,
floorplanning and physical layout.

The OACS System, Release 1.0, (mid '89 introduction)
promotes evolutionary progression of design automation
based on existing tools. Built on an EDIF backplane, OACS
software support is available for Sun and Apollo platforms.

— Gateway Design Automation’s Verlog XL®
e Motorola’s TrailBlazer™ static timing analysis
e Motorola’s Mustang™ automatic test pattern generation
e Additional planned productivity enhancements:
o Motorola Architect™ floorplanning package
e Cadence physical layout (Tangate™) package
e Synopsys logic synthesis package

Typical Mentor Based OACS System Design Flow

LIBRARY AND
TECHNOLOGY FILES

o

." DESIGN ) ERC 4 UNIT DELAY DELAY : EST'D DELAY TEST VECTOR

. CAPTURE VERIFICATION \. SIMULATION  , CALCULATION \. SIMULATION , ANALYSIS
DESIGN PHYSICAL ACTUAL DELAY ’ POST LAYOUT % TEST FABRICATION
RELEASE LAYOUT CALCULATION \_ SIMULATION , GENERATION RELEASE

---- Supported Mentor Graphics’ Tools (NETED and QuickSim)

*Motorola performs layout and transmits actual RC delays to customer.

Mentor Based OACS System Features:

o Installation and Verification Utilities
e Produces Standard EDIF 2.0.0 Netlist
e Electrical Rules Checking
e Typical/Best/Worst Case Delay Calculations
e Sophisticated Node Delay Calculations
a. Continuous Temperature, Voltage, and Process
Variation

b. Estimated and Actual Wirelength Capacitance
c. Delay = Intrinsic + Rise/Fall Effects + Output Load
d. User Specified Output Loading

e Post Layout Simulation Timing Analysis Tools with Back
Annotation

e Test Vector Extraction and Design Transfer

MOTOROLA MASTER SELECTION GUIDE
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A Look Ahead

Motorola is dedicated to servicing the application specific

- market with full semicustom solutions in CMOS, bipolar and

BiCMOS technologies. The continuing evolution of pro-

cessing improvements is clearly destined to yield rapidly

expanding capabilities. The following products are already

in the process of introduction or slated for 1989/1990
implementation:

e Extension of 1.0 micron High Density CMOS arrays —
additional RAM blocks, mega functions for specialized
applications, Tape Automated Bonding

® Expanded line of MOSAIC Ili ECL arrays providing mixed
ECL, Pseudo-ECL, and TTL I/O configurations in 750,
3200 and 5800 gate densities.

® High performance ECL array surface mount packages with
2.4 GHz inputs and outputs

® Additional OACS™ system design automation productiv-
ity enhancement packages such as static timing analysis
(TrailBlazer™) , automatic test pattern generation
(Mustang™), floorplanning (Architect™) and logic
synthesis.

® Introduction of a fourth generation ECL array family based
on a 1.0 micron 4-layer metal process.

ASIC solutions consolidate into a single
integrated circuit an array of functions
that previously required several chips.

Motorola MCA-4 Arrays

Motorola’s MCA-4 Arrays are designed with Motorola’s
1.0u MOSAIC-4 Process Technology. The array is designed
primarily to meet the high performance, high density needs
of the Computer, Telecom and Military marketplace. In com-
parison with Motorola’s MCA-3 family, the MCA-4 technology
provides higher gate densities, improved gate delays, lower
power/gate, higher gate interconnect performance, and super
macro functionality.

The first MCA-4 array is the MCA50000ECL. The key fea-
tures of the array are:
® 51744 Equivalent gates (3.5 gates/cell) made up from

14784 Internal cells
e 4-layer metal to permit high degree of routing capability (in

excess of 80%)

e 400 Signal pads, 400 I/O Cells, 136 Fixed Power Pads
e The array has three programmable speed power options.
Typical gate delay options are:

2-Input OR
100 ps (0.4 mA switch current)
140 ps (0.2 mA switch current)
240 ps (0.1 mA switch current)

e An internal cell can be used as a logic macro or transient
driver.

OPT.DIFFUSION
PROGRAMMABLE | -
'MEGA-FUNCTIONS

The MCA-4 50K ECL array is a ‘channeless’ Sea-of-Macro-
cells™ architecture. Four layers of metal are available, three
of which are used for personalization, the fourth layer being
used solely for power and ground busses.
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Digital Signal Processing

The DSP56000 and DSP56001
Digital Signal Processors Set The Pace
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Interrupt and
Mode Control

With a run rate of 10.25 million instructions per second,
coupled with significant advances in chip architecture, the
HCMOS DSP56000 Family offers unmatched performance
in digital signal processing. The chip architecture combines
24 x 24-bit multiplication and 56-bit accumulation with two
parallel data moves in a single 97.5 ns instruction cycle. Four
data buses and three address buses make this throughput-
enhancing parallelism possible. In fact, many of the critical
DSP benchmarks (see table above) run at their theoretical
maximum on this processor.

The core of the DSP56000/1 consists of three single-cycle
execution units — the Data ALU, the Address Arithmetic Unit,
and the Program Controller — which operate in parallel at
speeds up to 10 MHz. X data, Y data and Program data
memories are provided on-chip, and each is expandable off-
chip so that a total of 192K words of 24-bit data can be
addressed. The 1/O is flexible, with two serial ports and a
parallel Host port being implemented on the chip.

An MPU-like instruction set, together with a user-friendly
cross assembler and simulator which run on an IBM personal
computer, Macintosh Il system, VAX and Sun work station,
simplify algorithm development and programming. The
DSP56000CLASA software package permits immediate
implementation of system design, including code generation
and debugging, even prior to hardware availability. The
DSP56KCC C Compiler offers high-level language support.

The DSP56000 has on-chip factory-programmable Data
and Program ROMs. The DSP56001 is a RAM-based version
of the DSP56000 that also includes preprogrammed Data
ROM. The DSP56001, therefore, is user programmable for
immediate implementation. In this version, the prepro-
grammed Data ROMs contain MU-Law and A-Law tables and
sine-wave generation tables.

DSP56000/1 Benchmarks

‘ Core Features

® 10.25 Million Instructions Per Second (MIPS)
e Smgle Cycle Data ALU -
o — 24 x 24 - 56-Bit Parallel Multiply/Accumulate ;
- Two 56-Bit Accumulators -
-~ Ten Data:Registers
— Two Data Bus Shmer/lerters
® DSP Oriented Address ALU
=~ 24 Address Registers
= Dual Modulo Arithmetic Units. -
. — Linear, Modulo, and Bit Reversed Address Generatnon
‘® Advanced Program Controller
~'— 15 Level Hardware Stack
— Nested Hardware DO Loops
. " — No Overhead Auto-Return Fast Interrupts
. Highly Orthogonal Instruction Set = -
62 MPU-Style Instruction Types -
_...— Makes Pipeline Invisible
- — Suitable for High Level Language (HLL) Compllers
o Multiple Buses '
...~ Four Data Buses
—_ Three Address Buses

On-Chip MCU-Style Perlpherals

e 24 Programmable /0 Port Pms or a Comblnatlon of /O Port Pins
and’
— 8-Bit Parallel Host MPU/DMA lntertace
— Serial Communication Interface wrth Baud Rate Generator/
. Timer ..
e Synchronous Seﬂal (Codec) lnterface with Clock Generator.

On~Chip Memory o o

. Two Independent 256 x 24-Bit Data RAMs !

© Two Independent 256 x 24-Bit Data ROMs (DSP56000)

® 2K x 24-Bit Program ROM (DSP56000)

© Two Independent Preprogrammed Data ROMs (DSP56001)
® 512 x 24nBﬁ Program RAM (DSP56001)

Off~Chlp Memory Expansion ’

128K X 24-B|t Data Memory :
-0 64K x 24-Bit ‘Program: Memory - :
B Programmable Off Ch:p Access Tlmes (Walt States)
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The CAFIR Filter, DSP56200

an Algorithm Specific DSP Peripheral

Features

Low Power HCMOS
28 pins
100 ns per Tap Throughput
256 x 16-Bit Data RAM
256 x 24-Bit Coefficient RAM
16 x 24-Bit Multiplier, 40-Bit Accumulation
Two FIR Modes:

— Single Channel -

— Dual Channel
® Single Channel Adaptive FIR Mode

— Uses the Least-Mean-Squared (LMS) Coefficient Update

Algorithm

Programmable Tap Lengths Up to:

— 256 Taps in Single Channel Mode

— 128 Taps per Channel in Dual Mode
Cascadable in Single Channel Mode

— Higher Sampling Frequencies

— Sharper Filters

— Longer Echoes Cancelled
Programmable Leakage

— Adapting to Narrow Band Signals
<. @ Programmable Gain

— Changing the Rate of Adaptation
8-Bit I/O Port with 7 Control Lines
¢ DC Tap Option
e Scratch Pad Memory

— Unused Data and Coefficient Memory is Available

® Power Down Mode

LN AR N N 2R Y J

The DSP56200 Cascadable Adaptive Finite Impulse
Response (CAFIR) Digital Filter is an algorithm-specific DSP
peripheral chip capable of implementing two algorithms —
the convolution sum and the least-mean-square (LMS) algo-

DSP56000ADS
Development System

The DSP56000 family is Motorola’s entry into the Digital
Signal Processor arena. It represents one of the latest and
certainly one of the most powerful signal processing capa-
bilities, and to simplify its implementation Motorola now offers
the DSP56000ADS Applications Development System.

The DSP56000ADS is a three-component development
tool for designing, debugging, and evaluating DSP56000 and
DSP56001 target systems. It simplifies evaluation of the
user’s prototype hardware/software product by making all of
the essential DSP56000 timing and I/O circuitry easily
accessible.

The three ADS components are an Application Develop-
ment Module (ADM) board, an IBM PC bus interface board,
and a MS-DOS based user interface program that runs on
the IBM PC and interacts with the user, controlling as many
as eight ADMs simultaneously. Using a low cost IBM PC or
Macintosh Il personal computer as a medium between the
user and the DSP56000 hardware significantly decreases the
overall hardware complexity and cost of development while
increasing the capabilities of the system. With this system,
DSP programs may be executed real-time, single instruction
traced, or multiple instruction stepped with registers and/or
memory block contents displayed.

DSP56200
X(n C(0
SDI ———»4 — L X LSO
X(n - 1) C(1)
SS| ——»1—-| Data Addr| | Coefficient
O 111 RAM Gen RAM
11256 x 16 256 x 24
SEl| ——»{ | :
N1
T
|
D0-7 <___:> E
R |1
Fitb____4 b
A |1 X(-NEk4 CIN-1)
c | I
E i L -
SDO -———14- —J—: ——————— r=
. ]
$S0 [ | E X116] | ¥ [24]
i
} : Mac
I 16 x 24 — > 40
bl Fractional
R — Acc [40] -
1 |
L i
Timing & Control
Vpp —» Bank 0 Bank 1
10 MHz
R l w R | W Max
Vgg ——»

RIARA

Cs CK Start

rithm for updating coefficients — the CAFIR Filter is useful
as a general-purpose linear phase filter and in applications
requiring an adaptive filter, such as echo cancelling.

Features:

® Full speed operation at 20.48 MHz

® Single/multiple stepping through DSP56000 object
programs

Conditional or unconditional breakpoints

Program patching using a single-line assembler/
disassembler

Session and/or command logging for later reference
Loading and saving of files to/from ADM memory
Macro command definition and execution

Display enable/disable of registers and memory
Debug commands that support multiple ADM
development

Hexadecimal/decimal/binary calculator
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DSP56000/1 Software
DSP56000CLASx Simulator Package

This Simulator/Macro-Assembler/Linker/Librarian soft-
ware package is a development system support tool. The
simulator program simulates the operation of the
DSP56000 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 are simulated exactly.

The full-featured Macro Cross Assembler translates one
or more source files containing instruction mnemonics, oper-
ands and assembler directives into an object file which is
directly loadable by the Simulator. It supports the full instruc-
tion set, memory spaces and parallel transfer fields of the
DSP56000.

The package is an upgrade of the earlier DSP56000SASM,
adding the Linker/Librarian, a multiprocessor simulator, and
a macro-assembler that produces relocatable code to the
former package. Registered users of the preceding package
may purchase the upgrade at a reduced price.

The DSP56000CLAS software is available for the following
host stations:

The upgrade version may be ordered by adding a suffix
“U” to the original part number (i.e., DSP56000SASMxU).

The DSP56KCCx C-Compiler Package

A full Kernighan and Ritchie C implementation, this com-
piler provides high efficiency, with compiler overhead as low
as 20%. It has full in-line code capability and a C-language
preprocessor supporting MACRO expansion, file inclusion
and conditional compilation. It allows programmers to perform
the entire compilation process in a single step. The package
includes the C Compiler, a Macro Cross Assembler program
and a Linker/Librarian, as well as all applicable user and
reference manuals. For the various host computers, the soft-
ware package is available as follows:

DSP320t056001 Package Converts
32010 Code to DSP56000/1

This software package translates 32010 .lod modules to
Motorola DSP56000/1 source code.

The converted code may be executed on the
DSP56000ADS application development system, or may be
executed with the SIM56000 simulator program on an IBM
PC or equivalent.

The conversion program runs on an IBM PC under MS-
DOS or PC-DOS. The C source code is provided on diskette
which the user may modify for 32020 or 320C25 translation.
The conversion programs are delivered on one double-sided,
double-density 5v4-inch floppy disk and may be run from
either a floppy disk drive or hard disk. They require only
enough disk space to hold the converted source file.

Minimum hardware requirements for the conversion pro-
grams are:

IBM-PC, XT, AT (or Compatible) with 256K bytes of RAM,
and one floppy disk drive.

PC-DOS/MS-DOS, V2.0 or later.

MOTOROLA MASTER SELECTION GUIDE



Digital Signal Processor Documentation and Training

The following documents and training courses are cur-
rently available to support the DSP56000/1 Digital Signal
Processor.

The documents can be obtained through your Motorola
sales representative or authorized distributor. For additional
information and schedules for the courses, please call the
Motorola toll-free hotline any weekday, 8:00 a.m. to 4:30 p.m.,
M.S.T. Telephone 1-800-521-6274.

Documentation

DSP56000UM/AD DSP56000 Digital Signal Processor
User's Manual

BR526/D DSP56000/1 Assembler/Simulator/
Linker Software Summary

BR282/D DSP56000 Technical Sumrnary

DSP56001/D DSP56001 Data Sheet

BR517/D DSP56000ADS Brochure

BR522/D DSP320t056001 Software Summary

BR283/D DSP56200 Technical Summary

DSP56200/D DSP56200 Data Sheet

BR297/D DR. BuB, DSP Electronic Bulletin
Board

BR541/D C Compiler Software Summary

Digital Signal Processor Courses
Home Study (Audio) Course

MTTA5 — An Introduction to the DSP56000/1

This course covers specifics appropriate for DSP56000 or
DSP56001, including the following: internal architecture and
programming model, pins and buses, general addressing
modes, general instruction set, exception processing, on-chip
I/0, plus the DSP instructions and addressing modes.

The course is composed of three audio cassette tapes
containing approximately four and one-half hours of material.
Each topic has stated objectives and self-evaluation exer-
cises with answers. On completion, the user will have a work-
ing technical knowledge of the DSP56000/1.

As a prerequisite, the user should be familiar with memory
concepts, binary numbers, hexadecimal number notation,
binary arithmetic, standard logic operation and analog signal
processing.

On-Location Courses

MTT31 — Digital Signal Processing (DSP56000/1)
for Engineers and Technicians.

This 4-day, instructor-led course covers DSP concepts:
internal architecture and programming model, pins and bus-
ses, general addressing modes and instruction set, exception
processing, on-chip I/0, and DSP instructions and addressing
modes. The architecture of the DSP56200 filter chip is also
covered. Includes hands-on lab with selected applications.
Knowledge of general DSP concepts is assumed.

¢
»
§
b
:
i
i

MTT28 — Introduction to Digital Filtering and the
DSP56200

A two-day instructor-led course that covers FIR and adap-
tive filters and Motorola’s Adaptive Finite Impulse Response
Digital Filter. Covers design concepts, including discrete time
signals and sampling. Includes class exercises and hands-
on lab with selected applications.
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The M68000 MPU Family

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

An MPU For All Functions

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

Upward Compatibility

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

A Host of Peripherals

A large selection of full-function peripheral chips comple-
ments the processor family. Compatible LS| and VLSI chips
for memory management, data communications, DMA con-
trol, network control, system interfacing, general /O and
graphics, all simplify system design and reduce design and
manufacturing cost while improving system performance.
Then there is a comprehensive assortment of board-level
products for modular integration, making Motorola the leading
manufacturer of VMEmodules and VMEsystems based on
the industry-standard VMEbus.

U ety

MC68030 — The Second-Generation 32-Bit MPU

The Compatible Processors

MC68030RC
The Second Generation 32-Bit MPU

The MC68030, oh thirty, sets the highest performance stan-
dards ever for 32-bit general-purpose microprocessors by
providing up to twice the performance of the industry leading
MC68020, oh twenty. The 030 takes 32-bit computing to the
next logical step, while maintaining 100% upward software
code compatibility with the entire M68000 product family.

The 030 started with a high performance 020 core and
added many performance improvement features including
increased internal parallelism, dual on-chip caches with a
burst fillable mode, dual internal data and address buses,
improved bus interface, and on-chip paged memory man-
agement 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, simulta-
neously access an instruction from the instruction cache, data
from the data cache and instruction/data from external mem-
ory. These parallel operations result in the highest perfor-
mance ever.

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

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

The on-chip paged memory management unit translates
logical addresses 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 other functions so that no
translation time is added to any bus cycle.
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SUFFIX L, LC
L = Ceramic DIP
LC = Ceramic DIP, Gold Lead Finish

Plastic DIP

MC68020RC
The Original 32-Bit Performance
Standard

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

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

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

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

MC68010L,LC,P,R,RC,FN
A Virtual Memory Enhancement

The MC68010 offers the advantage of Virtual Memory. A
high-speed loop mode operation executes tight software
loops faster to enhance performance. lIts instruction contin-
uation 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.

MC68HCO00L,LC,P,R,RC,FN
A Micropower Alternative

HCMOS design gives the MCB8HCO000 all the functions
and performance of its MC68000 predecessors . .. at one-
tenth of the operating power requirements. With a maximum
power dissipation of only 0.175 watts, the MC68HCO000 is
ideal for high-performance computer peripherals, industrial
controllers, instrumentation and communications equipment.

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 concepts of the
MC68000 16-bit MPU started a new trend in microprocessor
architecture. Its seventeen 32-bit data and address registers
permit rapid internal execution of its powerful yet simple

Packages shown
apply to MC68000

SUFFIX R, RC
R = Pin Grid Array
RC = Pin Grid Array, Gold Lead Finish

SUFFIX FN
Plastic Leaded Chip Carrier

instruction set. It is designed for large multiprocessing sys-
tems and realtime 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 com-
petitive and it remains one of the major growth products in
the entire MPU line.

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 instruc-
tions, and the same functionality as the MC68000 with exten-
sive exception processing. Large modular programs can be
developed and executed efficiently because of the large, 1-
megabit non-segmented, linear address space. It is the
choice for high performance, cost effective, 8-bit designs,
particularly those requiring a migration path to 16-bit or full
32-bit operation.

MC682881RC
A Floating Point Coprocessor

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

MC68882RC
Enhanced Floating Point Coprocessor

The MC68882 is pin-to-pin hardware and software com-
patible with the MC68881 Floating Point Coprocessor and
implements a variety of performance enhancements including
dual-ported registers and an advanced pipeline. Additional
circuitry allows execution of multiple instructions in parallel
for more than twice the Floating Point performance of the
trail-blazing MC68881. Where higher performance require-
ments indicate, the MC68882 is a drop-in replacement for
the MC68881.
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M68000 Peripherals

Memory Management & DMA Control

MC68851RC
Paged Memory Management Unit, PMMU

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

MC68451L,LC,R,RC
Memory Management Unit, MMU

The MMU is the basic element of a memory management
mechanism in an M68000 based system. The MMU provides
address translation and protection for the entire 16 megabyte
addressing range of the MC68000 microprocessor. It pro-
vides 32 segments of variable memory size and allows for
multiple MMU capabilities to expand to any number of seg-
ments. Virtual memory support is also provided for the
MC68010 MPU, as is full support for the UNIX System V/68
Operating System.

MC68450L,LC,R,RC
DMA Controller, DMAC

The DMAC maintains high-performance data movement
for complex M68000 MPU-based systems. While pin com-
patible with the MC68440 DDMA, the DMAC offers four com-

pletely independent DMA channels. In addition to all the fea-
tures of the DDMA, the DMAC also provides very
sophisticated manipulation of data through sequential and
linked array-chained addressing capabilities.

MC68442R,RC,FN
Expanded Dual DMA, EDDMA

32-bit DDMA for MC68020 based systems. The EDDMA
supports up to 4 gigabytes of addressing range, and is pin
compatible with the MC68440 and MC68450.

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

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

NetWork Devices

MC68824RC
Token Bus Controller, TBC

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

MC68184L
Broadband Interface Controller, BIC

The BIC, coupled with rf circuitry, makes up a broadband
modem needed in each node of a MAP broadband com-
munications network. The MC68184 implements the digital
portion of IEEE 802.4 broadband physical layer of the 1ISO/
OSI (International Standards Organization/Open System
Interconnect) communication model for standardized multi-
vendor data communications networking. The digital portion
implemented by the BIC manipulates data and provides con-
trol for the rf transmitter and receiver. The BIC supports high-
speed data rates up to 10 Mbps using a duo-binary modu-
lation technique. The IEEE 802.4 recommended standard
serial interface is used to connect the BIC to the Token Bus
Controller (TBC), MC68824, for implementing both layers one
and two of the OSI communication model.
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Data Communications

MC68652P
Multi-Protocol Communication Controller,
MPCC

The MPCC is a single-channel, serial data communications
device that recognizes byte control and bit oriented protocols.
Also included within the device is CRC (programmable error
detection) circuitry. The MPCC handles data transfers of 8-
or 16-bit widths at a maximum 2-Mbit/second rate.

MC68681, MC2681L,P
Dual Universal Asynchronous Receiver/
Transmitter, DUART '

The MC68681 features two completely independent full-
duplex asynchronous receiver/transmitter channels that inter-
face directly to the M68000 microprocessor bus. Receiver
data registers are quadruple buffered and transmitter data
registers are double buffered for minimum MPU intervention.
Each has its own independently selectable baud rate. Mul-
tifunction 6-bit input port and 8-bit output port, a 16-bit pro-
grammable counter/timer, interrupt handling capabilities, and
a maximum one-megabyte per second transfer rate make the
DUART an extremely powerful device for complex data com-
munication applications. Full device functionality with an
M68000 bus interface is provided by the MC2681.

MC68605RC
X.25 Protocol Controller, XPC

The XPC implements the 1984 CCITT X.25 Recommen-
dation Data Link Procedure (level 2) LAPB. In addition to
handling the lower level communications functions (HDLC
framing, CRC generation/checking, and zero insertion/dele-
tion), the XPC also independently handles higher level com-
munications 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 Con-
troller fully implements CCITT Recommendation Q.920/
Q.921 Link Layer Access Procedure (LAPD) protocol for
ISDN networks. The MLAPD is designed to handle both sig-
nalling and data links in high-performance ISDN primary rate
applications.

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

MC68661P
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 microprocessors. 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 1/0

MC68230LC,P
Parallel Interface/Timer, PI/T

The PI/T provides versatile double-buffered parallel inter-
faces and a system-oriented timer for M68000 systems. The
parallel interfaces operate either in a unidirectional or bidi-
rectional 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
Multifunction Peripheral, MFP

The MFP provides basic microcomputer function require-
ments as a single companion chip to the M68000 Family of
Microprocessors. Features provided via a direct M68000 sys-
tem bus interface include a full-function, single-channel uni-
versal serial asynchronous receiver/transmitter (USART) for
data communication, an 8-source interrupt controller, eight
parallel I/O lines, and four 8-bit timers.

System Interface

MC68153L,P
Bus Interrupt Module, BIM

The BIM interfaces an M68000 microcomputer system bus
to multiple slave devices which require interrupt capabilities.
It allows up to four independent sources of interrupt requests
to be routed to any of the seven M68000 interrupt levels. The
BIM is VMEbus and VERSAbus compatible and fully
programmable.

MC68452L,P
Bus Arbitration Module, BAM

The BAM arbitrates the control of an M68000 system bus
when multiple bus masters are involved. These bus masters
can be processors, DMA controllers, and serial or parallel
data communication controllers. Up to eight masters can be
handled by each BAM device.
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The 8-Bit M6800 Families

CMOS MICROCONTROLLERS (MCUs)

HMOS MICROCONTROLLERS (MCUs)

Single-Chip
Microcontrollers (MCUs)

A Broad Spectrum of Design
Solutions

Increased levels of peripheral integration gave rise to the
single-chip microcontrolier (MCU). Single-chip 8-bit MCUs
essentially consist of a basic microprocessor, an on-chip
clock oscillator, a timer, user programmable Read-Only Mem-
ory (ROM) to handle program routines for a dedicated appli-
cation, Random Access Memory (RAM) capacity to handle
the associated data manipulations, and sufficient input-output
capability to interface with a number of parallel and serial
oriented external peripherals. These single-chip systems
reduce component cost, equipment manufacturing cost, and
space requirements.

Motorola MCU families encompass both HCMOS and
HMOS technologies. Each family, or core, fills a niche in the
price/performance ranges demanded by the vast variety of
applications in today’s marketplace. Within each family there
is the selection of on-chip peripheral functions that most
closely fit the requirements of the eventual system.

HCMOS MCU Families
M68HC11, M68HCO05, M68HCO04

Two of the latest trends in MCU technology are HCMOS
processing and on-chip EEPROM. HCMOS (high-speed
complementary metal oxide silicon) processing offers several
advantages over HMOS (high density NMOS) processing,
including lower power consumption, higher throughputs,
wider supply voltage ranges, and higher noise immunity.

The M68HC11 Family

The M68HC11 with on-chip EEPROM is one of the most
powerful and most versatile MCU families available in the
market today. This family utilizes new high-density CMOS
design techniques, and matches the highest nominal bus rate
(2.1 MHz) of its fastest HMOS counterpart. Its basic M6800
core was expanded with eleven new instructions that add
significant performance improvement without compromising
compatibility with other M6800 MPU and peripheral family
members.

Among the more significant additions to the instruction set
is one that concatenates the two 8-bit accumulators into one
double-byte accumulator, permitting 16-bit internal process-
ing with a substantial improvement in throughput. A significant
number of instruction enhancements result from the addition
of a second 16-bit index register.

On-chip peripheral capabilities include a full duplex serial
communications interface (SCI) with a variety of baud rates,
an asynchronous communications interface, a 16-bit free run-
ning timer, and 38 I/O lines.

A selection of memory options meets a variety of needs
combined with a mix of other functions. This yields cost-
effective optimization for specific requirements.

With on-chip EEPROM for nonvolatile storage through
power losses, the internal RAM is free for temporary data
storage. Calibration tables, data acquisition, software cor-
rections, custom routines, and look-up tables can be pro-
grammed into the EEPROM.

52-lead
PLCC
- "Case 778
. Suffix FN

 Packages shown apply to MCBBHC11A8.
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The M68HC11 Family

ROM (Bytes) 0 0 8192 0 12K 0 12K 4K
RAM (Bytes) — All saved during standby 256 256 256 512 512 256 256 128
EEPROM (Bytes) — 512 512 512 512 2K — —
Timer 16-Bit 16-Bit 16-Bit 16-Bit 16-Bit 16-Bit 16-Bit 16-Bit
Serial Peripheral Interface (SPI) Yes Yes Yes Yes Yes Yes No Yes
Serial Communications Interface (SCI) Yes Yes Yes Yes Yes Yes No Yes
Input Capture Functions 3 3 3 4 4 3 1 2
Output Compare Functions 5 5 5 4 4 5 1 3
A/D Converter Yes Yes Yes Yes Yes Yes No No
Real-Time Interrupt Yes Yes Yes Yes Yes Yes No Yes
Watchdog (COP) Yes Yes Yes Yes Yes Yes No Yes

An M68HC11-Based Hard Disk Controller

The MC68HC99 hard disk controller is a single-chip
microcontroller dedicated to disk control. It contains a high
speed serial data controller, Reed-Solomon based error
detection and correction, two 528 byte data buffers, and a
host interface that is completely SCSI compatible. Also on
the MC68HC99 are an MC68HC11 microprocessor core,
12K bytes of mask-programmable ROM, 256 bytes cf
scratchpad RAM, a 16-bit timer, and two 8-bit bidirectional

parallel 1/0 ports (used to select the disk and position the
read/write heads). The MC68HC99 replaces the multiple-
chip set controller solutions used in current board level and
drive embedded controller designs. It interfaces with ST-
506, ESDI, and SMD disks and it supports SCSI as well
as other popular host computer interfaces. Its command
set and functions are user programmable.
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MCUs (continued)

The M68HCO05 Family

The M68HCO05 Family currently offers the widest variety of
on-chip memory and I/O selections to provide users with a
system that approximates their “ideal” requirements. This
wide selection of functional options in standard, off-the-shelf
components, adds the benefits of low cost to highly complex
circuits that closely rival the applications-specific advantages
of custom designs.

The M68HCO5 core brings the high performance and
greater chip density of HCMOS to the M6805 single-chip
MCU Family. On-chip functions include 176 bytes of RAM,
an oscillator with RC or crystal mask options, 24 bidirectional
I/O lines, a 16-bit timer, five interrupt vectors, an enhanced
UART (SCI), and a synchronous serial system (SP1). The
fully static design allows operation down to dc. Stop and wait
modes further enhance power savings for ultra low power/
battery applications.

Software capabilities like the 8 x 8 unsigned multiply
instruction, true bit manipulation, memory-mapped 1/O, and
addressing modes with indexed addressing make the
M68HCO5 core a desirable option for applications between
the low cost M68HC04 Family and the highly integrated
M68HC11 Family.

The M68HCO04 Family

Having somewhat lesser performance than the versatile
M68HCO05 Family, the M68HCO04 Family represents a low-
cost means of upgrading earlier 4-bit processor-based equip-
ment to the more powerful world of 8-bit processing. It is ideal
for dedicated high volume applications. The objective of min-
imizing cost led to the development of a self-test scheme in
the form of a ROM-driven on-chip signature analysis tech-
nique. This attractive alternative to conventional testing uti-
lizes polynomial division to compress lengthy output
responses to. much smaller results.

The HMOS Families
M6801/M6805/M6804

Today, given equivalent functionality, when low power con-
sumption is not an issue and price is a major consideration,
HMOS MCUs may be the best solution for an application.
Motorola offers three HMOS MCU families: M6801, M6805,
and the M6804.

The M6801 family is manufactured in HMOS providing a
high degree of chip complexity with relatively small (low
cost) dimensions. On the low end of the scale are the
M6803 members intended for use with external ROM or
EPROM, with a resultant saving in MPU cost. The 68701
series includes the substitution of EPROM for the more
conventional factory-programmed ROM, thereby offering
user-programmability.

Based on an M6800 8-bit core, the M6805 Family trims
some of the lesser used MC6800 instructions, but includes
bit-modify and test instructions as well as powerful indexing
modes. The Family consists of a variety of members with
various functions ranging from 1 to 3+ K of mask program-
mable ROM, 64 to 112 bytes of RAM, and on-chip peripherals
such as an analog to digital converter and synchronous com-
munication interface. Most part types also offer an EPROM
version with the same functions.

The M6804 Family is a low cost line of single-chip micro-
controllers designed to be cost competitive with 4-bit
machines that are currently on the market, yet the M6804
Family offers more processing power and a streamlined
instruction set that is easier to use. A very small die size and
an extensive built-in self test written into each chip reduce
the cost. A unique application for the M6804, because of its
price structure, is to replace TTL logic. That is, the M6804
can perform as an intelligent PLA (programmable logic array).
Any time an interface has to be built between some computer
and the real world, an M6804 Family device can be a cost
effective solution.

1, M6801 and
tors for both exter-

o»hne inter- |
ASynchrono 's,
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MC68HCO5 ock Diagram

(HCMOS)
The M68HCO05 Family

(HCMOS)

ROM 1008 1672 1688
ROM 2K | 2K 4K 8K 4160 4K 6K 6208 4K
Timer 8-Bit 8-Bit 8-Bit
RAM 176|176 176 176 176 176 176 176 128
110 12 12 20
EEPROM 0 0 0 0 2096 0 256 0 0
Timer 16-116-1 468t | 16-Bt | 16-Bit |16-Bit| 16Bit | 16Bit | ot The M6804 Family
Bit | Bit 16-Bit (H MO S)
SPI No |Yes| Yes Yes Yes No No Yes No
SCI No | Yes Yes Yes Yes Yes Yes No No
A/D No | No No No No Yes Yes No Yes ROM 512 1008 1024
110 24 | 24 24 24 24 32 32 24 32 RAM