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Master Selection Guide

Where We Stand. ..

Total Customer Satisfaction

Service, speed and facility of response, product quality and
reliability are the goals to which we are dedicated. Our
commitment to progress such as Six Sigma performance and
Cycle Time Reduction are symbolic of a culture in which Total
Customer 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 position among
semiconductor manufacturers — one that can significantly
shorten the product selection cycle. Please consider these facts:

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

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

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

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

How To Use This Guide. . .

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

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

1. Turn to the Device Index for a complete listing of Motorola

products, and the page numbers where more detailed
information is given for these products.

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

2. Look for it in the Subject Index.

Ifyou wantan overview of Motorola products for a specific
product category:

3.Refertothe quick—reference productline guide located
at the front of this publication or use the table of
contents located at the front of each section.
Telephone Assistance, North America Only
For literature requests or general product information, call
toll-free any weekday, 8:00 a.m. to 4:00 p.m., MST.
To order technical literature by specific document title, i.e.,
SGXX/D or DLXXX/D, or by part number only, call
1-800-441-2447

Non~North American Locations

Please contact your local Motorola Sales Office or
Authorized Distributor.
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Semicustom Application Specific

Integrated Circuits

In Brief . ..

Motorola  supports  strategic  programs  and
co—-development partnerships to accelerate the availability
of advanced processes (CMOS, BiCMOS, Bipolar),
packaging and CAD technology. Extensive research,
manufacturing and financial resources are focused to
develop and maintain leading edge capabilities.
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ASIC Preview

Bipolar
ECL & ETL Series Arrays

Motorola’s MOSAIC [liI™ technology features modified
transistor structures to reduce series base resistance and
collector—base junction capacitance. The result is enhanced
switching speed. Mixed ECL/TTL interface compatibility and
high frequency (over 2.5 GHz) operation highlights the ETL
Series.

CMOS

1.0 Micron HDC Series ,
Sub-Micron H4C & H4CPlus Series

High density CMOS arrays (HDC Series) are built on 1.0
micron drawn, triple—layer—metal CMOS process. By utilizing
three layers of metal for signal routing, designers can achieve
greater utilization on a channelless architecture.

The sub—micron (0.7uleff) H4C Series enables densities
over 300 K gates with 365 picosecond typical gate delay:
performance. It's available in Custom Defined Architecture
(CDA).

Motorola’s highest performance 0.6 micron CMOS arrays,
the H4CPlus Series, are targeted for mixed 3.3 V and 5 V.
applications. The H4CPlus arrays range in density from
28,400 to 178,000 available gates with packages ranging from
128 QFP to 313 OMPAC.

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
sophisticated ASIC design software tools to handle high
performance designs and has the required flexibility to support
future technology advances.

Advanced Packaging

OMPAC: (Over—Molded Pad Array Carrier), a surface
mount plastic package with solder bumps instead of traditional
pins for interfacing to printed circuit boards. '

QFP-MCR: Quad Flat Package in lead counts from 64 to 304
in optional Molded Carrier Ring which provides coplanarity and
lead protection during manufacturing, testing and shipping.

MicroCool QFP: A new QFP-compatible plastic package
with heat slug attached for improved heat dissipation capacity.

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 enhances
intra—chip communication and saves board area. The
Customer Defined 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 modules.

CDA — The Architecture of the '90s

Architecture Methodology Technology

A

USER
PROGRAMMABLE

GATE
ARRAYS
DIGITAL

STANDARD CELLS

BUILDING
BLOCKS

[

STANDARD
CELL

FULL
CUSTOM

FULL
CUsTOM

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
ECL & ETL Series Arrays

Third Generation

ETL Series Arrays
Extend Design Flexibility

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

Three base arrays:
MCA750ETL, MCA3200ETL, MCA6200ETL

848 to 6915 Equivalent Gates

Channelled Architecture for up to 100% Utilization
Input and Internal ECL Gate Delays — 0.20 ns (Typical)
TTL Input/Translation Cell Delay — 0.55 ns (Typical)
Up to 168 Universal 1/O Signal Ports

Bidirectional ECL and TTL I/O Macros

ECL 100 K, Pseudo ECL and TTL Logic Interfaces
Programmable Speed/Power Levels

Three-Level Series Gated Macros

MCA2 and MCA3 ECL Series Library Compatible

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

© © @6 ¢ © ¢ 0o o o o

ETL Series Features
Mixed ECL-TTL Interface

The ETL Series offers mixed ECL, PECL (pseudo ECL) and
TTL compatible interfaces. The Series combines 200 ps typical
gate delays with 2500 MHz operating frequencies. Any signal
pin can be programmed for input, output, or bidirectional
signals in ECL, TTL or PECL logic. MOSAIC Il process
technology, combined with innovative design, extensive
macrocell library and versatile 1/O structure adds up to
superior performance and flexibility.

Table 1. ECL & ETL Series Features

Figure 1. MCA6200ETL in Multi-Layer Ceramic

224 Pin—Grid—Array

Designed for High Frequency,

Mixed-Mode Applications

100K
ECLOR PECL
INPUT BUFFERS

b

TTLINPUT
TRANSLATORS

100K
= ECLORPECL
MACRO OUTPUT BUFFERS
CELLS
M-CELLS
TTLOUTPUT
™ TRANSLATORS

Figure 2. ETL Series Block Diagram

Array MCA MCA MCA MCA MCA
Features 2200ECL 10000ECL 750ETL 3200ETL 6200ETL
Technology MOSAIC il
Equivalent Gates 2412 12402 848 3570 6915
Internal (Major) Cells 68 414 24 110 225
1/0 Signals 108 256 Universal I/O Ports
Input/Interface Cells 96 224 42 120 168
Output (O) Cells 96 200
Max Gate Delay (ns) 0.175 0.175 0.2 0.2 0.2
Max I/O Frequency (MHz) 1500 1200 2500 2500 2500
Typical Power Dissipation (W) 3-6 10-30 1-2 4-7 7-12
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CMOS

1.0 Micron CMOS
HDC™ Series

Triple-Layer Metal

Builton a 1.0 micron, triple—layer metal CMOS process, the
HDC Series represents a significant advancement in
microchip technology. By utilizing three layers of metal for
signal routing and power distribution, designers can achieve
maximum- utilization on a channelless architecture having
minimum chip dimensions. The result is high performance
combined with I/O flexibility and density.

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

Features

3,000 to 49,000 available gates

Up to 70% utilization

Channelless Sea—Of-Gates architecture

1.0 micron drawn gate length (0.8 pleff)

Triple layer metal routing and power distribution

Eight transistor, fully utilizable, oxide isolated primary cell
475 picosecond typical gate delay (2—-input NAND)
Fixed RAM blocks (single, dual and quad)

5V CMOS and TTL compatible I/O options

Low power consumption of 6 pW/gate /MHz

1/O cells can be paralleled on—chip for 48 mA drive

Pin functions are 100% programmable as |/O or power
on plastic packages

1000 V ESD protection, latchup immunity to 100 mA
Comprehensive workstation based CAD support

® © o 06 o o 0 0 0 0 o o

Table 2. HDC Series Features

Figure 3. Triple-Layer Metal Signal Routing
Enhances Utilization

QFP-MCR
MOLDED CARRIER RING
64-208 PINS

PLCC
28-44 PINS

oFp g
64-208 PINS

Figure 4. Typical HDC Series Packages

Array Available # of.Die Pads Available I?ie Size Pac.kage
Gates (Wirebond) 1/0 Cells (mils square) Pins

HDCO003 3,036 76 88 136 28-68
HDCO006 5,670 96 120 168 28-84
HDCO008 8,208 108 144 182 28-100
HDCO11 11,208 120 168 202 28-100
HDCO016 16,416 136 204 232 68-128
HDCo027 27,270 168 264 282 84-160
HDCO031 31,290 180 280 295 68-160
HDC049 49,368 216 352 354 160-208
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Sub—-Micron CMOS
H4C™ Series

CDA Architecture

The H4C Series of CMOS Customer Defined Arrays™ (CDA)
provides a new generation of ASICs to capture the functionality
of the sub-micron process. The new fabrication process of the
HA4C Series supports speed requirermnents of 60 MHz processors
with a power dissipation of only 3 pW/MHz/gate.

The CDA architecture offers the versatility and efficiency of
system design on a single chip by providing large, fully—diffused
architectural blocks such as user configurable SRAMs.
Additionally, to ensure high quality ASIC system designs, several
design—for—test implementations and clock skew management
schemes are available.

Features

¢ 18,080 to 317,968 available gates

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 (smaller arrays)

365 picosecond typical gate delay (2—input NAND)
User configurable, fully diffused SRAM blocks

up to 256K bits

Low power consumption — 3 uw/MHz/gate

3.3 Vand 5.0 VCMOS and TTL compatible I/O cells
BIST, JTAG (IEEE 1149.1) and LSSD/ESSD scan supported
Digital PLL to manage clock skew

Boundary scan embedded in periphery

Extended workstation—based CAD support for
embedded functions

Clock tree synthesis and clock skew management

o o o o o o e © o o o .

Table 3. H4C Series Features

FIXED 1/0 RING

> MEGAFUNCTIONS/
EMBEDDED BLOCKS

GATE ARRAY
STRUCTURE

Figure 5. The CDA Concept: Megafunctions and
Embedded Blocks Within a Gate Array

OMPAC

MicroCool QFP

Figure 6. Typical H4C Series Packages

Array Available Gates # of Die Pads /O Celis Package Pins
H4C018 18,080 136 160 80-120
H4Co027 27,048 160 196 80-128
H4C035 35,392 176 224 80-160
H4C057 57,368 216 284 80-225
H4C086 85,956 256 344 120-225
H4C123 123,136 304 416 160-313
H4C161 161,364 344 476 160-313
H4C195 195,452 376 524 160-375
H4C267 266,832 432 612 447
H4C318 317,968 468 668 447
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Product Preview
Sub-Micron CMOS
H4CPlus™ Series

Mixed 3.3 V/5.0 V Levels

The new sub—micron CMOS H4CPlus Series is targeted for
mixed 3.3 V and 5 V applications, as well as low—power 3.3 V
systems. The H4CPlus arrays range in density from 28,400 to
178,000 available gates with packages initially ranging from 128
QFP to 313 OMPAC.

A key feature of this family is a powerful I/O buffer aimed at
meeting the requirement for GTL 1/O levels and capable of
driving -backplanes of 50 Q transmission lines in today’s
high—performance RISC/CISC microprocessor—based systems.

For the highest possible chip—to—chip operating frequencies,
the H4CPlus. family introduces Current Mode Transceiver
Logic™ (CMTL™) buffers. This new self-terminating /O method
permits CMOS chip—to—chip interface speeds (using typical
differential or single—ended inputs) to 250 MHz, at low power
dissipation. It also provides a differential interface directly to
industry standard ECLinPS™ logic when used with a +5 V rail.

Features:

0.6 micron effective gate length

Typical gate delay of 280 ps for a NAN2, FO=2at5V
Power dissipation of 1 uW/gate/MHz at 3.3 V

Standard 5 V high performance or 2.7 V t0 3.6 V low
power configurations, with mixed 3.3 V and 5V
combinations

Single I/O site, 2 mA to 24 mA drive, TTL and CMOS
output macros

PECL input buffer macros supporting inputs

to 250 MHz Typical

Current Mode Transceiver Logic I/O buffer for
self-terminated, high—-speed differential or single-ended
interfacing to 250 MHz

Separate 5 V and 3.3 V power bussing

Embedded analog PLL* macros for up to 125 MHz clocks
Industry standard JTAG boundary scan built into /O
macros

DFT methodology support (JTAG, BIST, LSSD, ESSD)

e o o o

Table 4. H4CPlus Series Features

SELF-TERMINATING
DIFFERENTIAL

ASIC #1

ENABLE :
DATA OUT 1

oAt << 2]

HIGH-SPEED

OUTPUT

HIGH-SPEED
INPUT
Vrel

e

HIGH-SPEED
D et

ASIC #2
ENABLE

DATA OUT
- DATAIN

HIGH-SPEED
OUTPUT

SELF-TERMINATED
SINGLE-ENDED

Figure 7. interfacing H4CPlus Series with Current
Mode Transceiver Logic

QFP-MCR
MOLDED CARRIER

MicroCool

QFP

RING

OMPAC
BALL GRID ARRAY

Figure 8. Typical H4CPlus Series Packages

Die Size Die Pads
Array Name Available Gates (mils/side) Wirebond 1/0 Cells Package Pins
H4CP028 28,400 239 176 160 128-169
H4CP048 48,100 287 216 208 128-225
H4CP075 74,520 337 256 256 128-225
H4CP109 109,368 391 304 312 160-313
H4CP146 145,544 438 344 360 160-313
H4CP178 178,000 476 376 400 160-313

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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Design Automation Software

Motorola has worked closely with several leading
CAD/CAE vendors to integrate the best design tools in the
industry into one system. In many cases, Motorola has been
instrumental in the definition and refining of key third—party
design tools.

To satisfy specific CAD requirements, Motorola has
developed several design tools to perform netlisting and
translation, rule checking, delay and timing calculation, fault
grading and automatic test pattern generation, floorplanning,
test vector analysis and processing.

The OACS 2.2 and 3.1M features chart briefly describes
Motorola’s OACS™ ASIC design system options.

The Open Architecture CAD
System™

The Open Architecture CAD System (OACS) offers a highly
versatile and powerful design environment for the design of
Motorola’s H4CPlus, HC4 Series, and HDC Series CMOS
arrays. The OACS integrates several of the industry’s most
powerful design tools with Motorola’s high—-performance tools

OACS™ 2.2 and 3.1M Features:

¢ EDIF 2.0.0 backplane approach to providing an open
design environment
¢ Supports the following third—party design tools:
e Synopsys’ Design Compiler™, HDL Compiler™, Test
Compiler™ (optional) and Design Wave™
¢ Cadence’s Concept™ schematic capture (2.2)
o Cadence’s Verilog XL™ simulator and Veritime™ static
timing analysis (2.2)
Quad Design’s MOTIVE® static timing analysis
(optional) (2.2)
¢ Mentor Graphics’ Falcon Framework™ (3.1M)
* Mentor Graphics’ QuickSim 1™ simulator and
QuickPath™ static timing analysis (3.1M)
o Mentor Graphics’ AutoLogic™ design synthesis tool
e Cadence’s Gate Ensemble™ and Dracula™ physical
layout and verification tools (factory only)
e Motorola design tools:
o Memorist™ diffused SRAM compiler (optional)
* Mustang™ automatic test pattern generation (optional)

A
h \

Open Architecture
CAD System

into a standard EDIF based CAD environment. The release of
this Design Reference Guide corresponds to the release of
two major versions of OACS: OACS 2.2 and OACS 3.1M.

OACS 2.2 is Motorola’s point tool CAE solution based on
Cadence’s Concept™ schematic editor, Synopsys’ synthesis
tools, and Cadence’s Verilog™ logic simulator.

OACS 3.1M is Motorola’s framework based CAE solution
using Mentor’s Falcon Framework™. This solution provides
support of Mentor’s design entry tools and QuickSim Il logic
simulation.

o TestPAS™ test vector validation and extraction
e ERC and MARV comprehensive electrical and
manufacturing rules checking
¢ PrediX™ floorplanning (optional)
o Testability support: ESSD/LSSD scan, JTAG boundary
scan, BIST, and scan synthesis
e Sophisticated delay and timing limits calculations for
accurate simulation and timing analysis
« Estimated and actual (back—annotated) wire
capacitances
¢ Includes intrinsic, rise/fall time, output pin loading and
distributed RC delays
* Continuous process, temperature, and voltage variation
¢ Clock skew management: clock-tree synthesis, PLL,
timing driven layout
o Supports multiple technologies: HDCMOS, H4C,
H4C-CDA-1C, H4CPlus
« Supported on HP9000/7XX and SUN-4 SPARC®
workstations

Application Specific Integrated Circuits (ASICs) 1.1-6
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Advanced Packaging

Low cost, high performance systems require excellence in
ASIC packaging technology. MicroCool, QFP-MCR (Quad
Flat Pack in an optional Molded Carrier Ring), and
Over—-Molded Pad Array Carrier (OMPAC) packages illustrate
cost effective manufacturing solutions for high lead count,
high frequency applications.

Quad Flat Pack Molded
Carrier Ring (MCR-QFP)

Motorola currently offers the popular EIAJ standard Plastic
Quad Flat Package (QFP) in lead counts from 64 to 240 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. Lead counts range from
64 to 304 points. MicroCool packaging is cost—effective and
capable of meeting high power dissipation (up to 5 W, depending
on temperature and ambient conditions).

Features:

Thermally improved footprint compatible version of
MCR-QFP package

Constructed using PCB with attached leadframe and heat
slug. The die is attached to the slug which is exposed on
the package top surface

Coplanarity less than 4 mils using MCR techniques—(PCB
material aids good coplanarity by cutting bowing of
plastic)

Figure 9. MicreCool Quad Flat—Pack in
Molded Carvier Ring Lowers Board Cost and
improves Thermal Performance

Figure 10. 169-lead OverMolded Pad Array Carrier
(OMPAC) Saves Board Space and
Improves Manufacturing Yields

Over—Molded Pad
Array Carrier (OMPAC™)

OMPAC consists of a thin double metal printed circuit
board, overmolded with plastic. The integrated circuit is
attached to a gold—plated die flag on the substrate with a
silverfilled epoxy. Electrical connections to the integrated
circuits are made using conventional gold ball bonding
techniques.

Primary Advantages Over QFP

Eliminates concerns with lead coplanarity
Improved electrical performance
Comparable or better thermal performance
Requires less costly PCB pitch

Smaller size

No risk of lead damage

Improved manufacturing yields
Competitive pricing

GOLD

WIREBOND DIE ATTACH

EPOXY

- GOLD PLATED
DIE ATTACH

~ SOLDER BALL

PLATED-TROUGH
HOLE

COPPER FOIL PADS
AND INTERCONNECT

SOLDER MASK

Figure 11. Simplified Cross-Sectional View of OMPAC
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Literature

To order any literature item, call or write:

Motorola Semiconductor Products
Literature Distribution Center

P.O. Box 20912, Phoenix, Arizona 85036
(602) 994-6561

Order Number
Design Manuals

Description

H4CDM/D H4C Series CMOS Arrays
H4CPDM/D H4CPlus Series CMOS Arrays
HDCDM/D HDC Series CMOS Arrays
MCA3ECL/D MCAB3 ECL Series Arrays
MCASBETLDM/D MCA3 ETL Series Arrays
MC92005UM/D SBus Interface Controller
Data Sheets
ETL/D MCA3 ETL Series Macrocell Arrays
H4C/D Sub—micron H4C Series

CMOS Arrays
H4CP/D H4CPlus Series CMOS Arrays
HDC/D HDC Series CMOS Arrays
MCA2200ECL/D MCA2200ECL Macrocell Array
MCA10000ECL/D MCA10000ECL Macrocell Array
MC92005/D Slave Interface Controller

Brochures/Selector Guides/Misc.

SG367/D ASIC Product Overview

BR916/D Packaging Manual for ASIC Arrays

BR931/D Symbols to Silicon (C_LAN)

BR1400/D Open Architecture CAD Systern —
OACS 2.x

BR1417/D Open Architecture CAD System —
OACS 3.xM

Order Number

Description

Application Notes/Article Reprints

AN1093/D

AN1095/D
AN1096/D

AN1089/D

AN1500

AN1502/D

AN1508/D

AN1509/D

AN1512/D
AN1514/D

AR518/D

AR522/D
AR524/D

ASIC Regional Design Centers — United States

California, San Jose
(408) 749-0510

lllinois, Chi

cago

(708) 490-9500

ASIC Regional Design Centers — International

European Headquarters,

England, Aylesbury, Bucks

Hong Kong, Silicon Harbour, Tai Po

Germany, Munich (0296) 395252
(089) 92103-0

Holland, Eindhoven

(04998) 61211 (852) 666-8333
Japan, Tokyo Sweden, Stockhoim
(03) 440-3311 (08) 734-8800

Delay and Timing Methods for
CMOS ASICs

Clock Distribution

Guidelines for Using the
Mustang™ ATPG System

Test Methodology for
HDC Series Arrays

JTAG Boundary Scan for
H4C/H4CPlus Arrays

Embedded RAM/BIST

High Frequency Design Techs
& Guidelines for Bipolar
Gate Arrays

ASIC Clock Distribution
Using PLL

TestPAS Primer

H4CPlus Series 3.3 V/5 V Design
Considerations

Gate Arrays Simplify Translation
between High Speed Logic
Families

Ranking of Gate Array Vendors

ASIC Package Selection

Massachusetts, Marlborough
(508) 481-8100

France, Velizy
(01) 34635900

Italy, Milan
(02) 82201

Application Specific Integrated Circuits (ASICs)
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Microcomputer Components

In Brief ...

Motorola continues to be a leading supplier of components
for microcomputer systems. The product portfolio includes
digital signal processors; CISC and RISC and PowerPC
advanced microprocessors .and complementary full-function
peripherals; a comprehensive selection of high—performance
microcontrollers; VLSI functions for Local Operating Network
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.

Motorola Master Selection Guide Rev 7
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Digital Signal Processors

In Brief ...

Drawing on both design excellence and expertise in
manufacturing, Motorola has created a range of
architecturally compatible Digital Signal Processing chips.
The philosophy behind the DSP families has been to create
compatibility between products as well as 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
development tools to give the designer access to the full
power and versatility of the DSPs with minimum fuss. All the
tools were designed for ease of use and functionality. They
provide a low—cost means of evaluation and greatly simplify
the design and development phase of a DSP project.

Page

DSP56100 — 16-Bit Digital Signal Processors .. 2.1-2

DSP56000 — 24-Bit Digital Signal Processors .. 2.1-3

DSP96000 — 32-Bit Digital Signal Processors .. 2.1-4

DSP Peripherals ............ccooiiiiiiiiiiiinans 2.1-5
DSP56200 — The Cascadable Adaptive Finite

Impulse Response Digital Filter ............... 2.1-5

DSP56ADC16 — The Analog-To-Digital Converter2.1-6

DSP56401 — The Digital Audio Transceiver .. ... 2.1-6
DSP Development TOOIS .. .....oovneitneniinnns 2.1-7
Application Development Systems ............. 2.1-7
DSP Development SOftWare ..................... 2.1-8
Design—In Software Packages ................. 2.1-8
C-Compiler Packages ...........coovveaenvans 2.1-9
C-CompilerUpgrades ...........c.coovviennn. 2.1-9
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16—/24—/32—-Bit Families —

Your Complete DSP Solution

DSP56100 — 16-Bit

Digital Signal Processors

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

DSP56156 BENCHMARKS

Benchmark Instruction Cycles
Real FIR Filter with Data Shift 1 per Tap
LMS Adaptive Real FIR Filter 2 per Tap
Double Integration Sinewave Generation | 2 per Sample
Complex FIR Filter with Data Shift 4 per Tap
General Lattice Filter 4 per Tap

Real Cascaded IIR Biquad
Filter Sections (4 coeff.)

5 per Section

PID Loop 5
Double Precision Multiply 6
[1x3][3x3] Matrix Multiplication 21

DSP56100 Features

¢ Up to 30 Million Instructions per Second (MIPS) at 60

MHz - 33.3 ns Instruction cycle

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

® 2 x 40-bit accumulators with extension byte

multiprecision arithmetic

modes

Fractional and integer arithmetic with support for

Highly parallel instruction set with unique DSP addressing

¢ Nested hardware DO loops including infinite loops and

DO zero loop

Fast auto-return interrupts

address buses

Three external interrupt request pins
Three 16-bit internal data and three 16-bit internal

Two instruction LMS adaptive filter loop

Individual programmable wait states on the external bus

for program, data, and peripheral memory spaces

Off—chip memory-mapped peripheral space with

programmable access time and separate peripheral

enable pin

Low Power Wait and Stop modes

speed independent debugging
Operating frequency down to DC
5V single power supply

Low Power (HCMOS)

On~chip memory—mapped peripheral registers

On~Chip Emulation(OnCE) for unobtrusive, processor

HO-H7 Host
or Control
Port B /0 or
Port B I/0
) f——%
o
o] o le 2.8 F.‘)
5| sEREEER
<RIy
I
A0-A15< Address Bus) 2 Serial
Interfaces
D0-D15<  Data Bus Sggo &
1
On-Chip or
Codon *—/;» DSP56156 PortC 110
— T Timer or
B out
US et ~— Tin } Port C /0
Control 9 le— Power
[~ Ground
TR
<o QB Ol
|§=’|§lg‘§ cock 2335
2 OIT and (oﬁ
Q N
g8g ru &
OnCE™
Interrupt and n
Mode Control
PART NUMBERS
Part Description
XC56156FE40 40 MHz in CQFP
XC56156FE60 60 MHz in CQFP
XC56166FE60 60 MHz in CQFP
Digital Signal Processors
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DSP56000 — 24-Bit

Digital Signal Processors

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

The DSP56000 family of HCMOS, low—power, 24—bit DSP
currently consists of six products: DSP56000, DSP56001,
DSP56002, DSP56L.002 and DSP56004. These products are
utilized extensively in telecom~ munications, control and
audio. The DSP56000 family’s unique 24-bit architecture has
made these products the industry standard for CD—quality
digital audio processing.

All DSP56000 Family members are source code
compatible products. The DSP56000 and DSP56001 are the
original two members and are identical except that the
DSP56001 is program RAM based (512 x 24) while the
DSP56000 contains a customer specific program ROM
(3.75K x 24). The DSP56002 is a next generation DSP56001
with similar on—chip peripherals and memories. The
DSP56002 provides faster clock speed (66 MHz) and adds
phase—locked loop (PLL) and On—Chip Emulation.

The DSP56L002 is a low—voltage implementation of the
DSP56002. Its 3.3 volt operation effectively extends the
battery life of portable applications up to three times longer

than 5 volt systems.
HO-H7 or Host Control or
Port B /0 Port B I/0

S,

DSP56001 BENCHMARKS

Benchmark Instruction Cycles

Real FIR Filter with Data Shift 1 per Tap
Two Dimensional Convolution 1 per Output

(3x3 coeff. mask)
LMS Adaptive Real FIR Filter 3 per Tap
Real Cascaded IIR Biquad 4 per Section

Filter Sections (4 coeff.)
Complex FIR Filter with Data Shift 4 per Tap
[1x3][3x3] Matrix Multiplication 17
Division 28
Leroux—Gueguen LPC Analysis:

8th Order 473

10th Order 622

16th Order 1203

DSP56001/2 Features

e DSP56000 family architecture

— 16.5 MIPS, 60 ns instruction cycle at 33 MHz
(DSP56001)

— 33 MIPS, 30 ns instruction cycle at 66 MHz
(DSP56002)

— Single cycle 24 x 24 — 56-bit multiply/accumulate

— Two 56~bit accumulators

— Zero—overhead nested DO loops

— Two instruction cycle fast interrupts

— 15-level stack

— Low—power Wait and Stop Modes

— On—Chip Emulation for unobtrusive, full speed

T l debugging (DSP56002)
— Phase—locked loop frequency synthesizer
‘ le—rxo ) SO (DSP56002)
Ao-Ats <Qdress Bus| — TXD s:al ¢ DSP56001 on—chip memories
P PortC — 512 x 24 program RAM
S J Tio — 2 x 256 x 24 data RAM
Do-D23 <+ SCO — 2 x 256 x 24 data ROM (sine and cosine tables)
b M | °si5ﬁ°§$f‘e§"£$’3§°§f§§§?§n port with 16-bit
: — Full- wi
- SC2  Sera address and 24-bit data buses
Bus < SCK Po‘:c — Byte-wide Host Interface with DMA support
Control | XY <—r e SRD 10 — Synchronous Serial Interface port
L s — Serial Communication Interface (asynchronous) port
— 24 general—purpose I/O pins
' L L L L L t e 132-pin plastic quad flatpack (PQFP) or 88-pin PGA
@ |§ ’ﬁ £ £.8 R (DSP56001)/132-pin PGA (DSP56001)
Qo
g8
Interrupt and Mode Control
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DSP56000 — 24-Bit Digital Signal Processors (continued)

The DSP56004 contains audio peripherals specially PART NUMBERS
designed for consumer and automotive agdlo applications. Part Description
The DSP56004 uses the same processing and memory -
modules as the DSP56002. The Serial Audio Interface (SAl) DSP56000RC20 20 MHz ROM-based in PGA
provides two stereo inputs and three stereo outputs with 123, DSP56000FE20 20 MHz ROM-based in CQFP
Sony or Matsushita formats. The External Memory Interface -
. DSP56000FC20 20 MHz ROM-based in PQFP
(EMI) supports a byte—wide data port to DRAM or SRAM. The S z asecm
Serial Host Interface (SHI) provides a low—cost DSP56001RC20 20 MHz RAM-based in PGA
microcontroller interface using SPI or 12C. DSP56001FE20 20 MHz RAM-based in CQFP
DSP56001FC2 20 MHz RAM-based in PQFP
DSP56004 Features hd c20 z asedin PQ
« DSP56000 family architecture DSP56001RC27 27 MHz RAM-based in PGA
e DSP56004 on-chip memories DSP56001FE27 27 MHz RAM-based in CQFP
¢ DSP56004 on-chip peripherals DSP56001FC27 27 MHz RAM-based in PQFP
— Serial Audio Interface (SAl) y -
— External Memory Interface (EMI) DSP56001RC33 33 MHz RAM-based in PGA
— Serial Host Interface (SHI) DSP56001FE33 33 MHz RAM-based in CQFP
— Four general—purpose |/O pins DSP56001FC33 33 MHz RAM-based in PQFP
e 80-pin plastic quad flatpack (PQFP)
DSP56002RC40 40 MHz RAM-based in PGA
DSP56002FC40 40 MHz RAM-based in PQFP
DSP56L002FC40 40 MHz RAM-based in PQFP
XC56002FC66 66 MHz RAM-based in PQFP
XC56004FJ40 40 MHz 80-pin PQFP

DSP96000 — 32--Bit Digital Signal Processors

The DSP96000 has full architecture compatibility with the Interrupt and

16-bit DSP56100 and 24-bit DSP56000 Families. The oncgw  Mode Control
DSP96002 is the first in a family of 32-bit IEEE floating~point — (_;m
DSP devices. The DSP6002 has two identical memory -z BB
expansion ports simplifying network configurations for 05 g ‘gg gg
multiprocessor and DSP96002 communications. These ports 2B 2L LWLEL
interface to SRAM, DRAM (operating in their fast access T 1 1 l 1 1 l j

modes), video RAM or directly to other processors with host 32/
interface logic. PotA / Address
Although designed primarily for image processing, other

32/
K PortB ! Address )
proven applications include communications, spectrum 3 32
analysis, instrumentation, speech processing and pattern
recognition. PortB
DSP96002

14 14
portp / Control m
3{ 3
PortA /  Host Port B Host

3
g

Interface 1 T T T T interface
and Control and Control
T B 3 5 X
2 Z 2
&§& 22 ©
Qe HTg
O >P o xP
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DSP96000 — 32-bit IEEE Floating Point Dual-Port Processors (continued)

PART NUMBERS
Part Description

XC96002RC33 33 MHz in PGA
XC96002RC40 40 MHz in PGA
DSP96002 BENCHMARKS
Benchmark Instruction Cycles
Real

FIR Filter with Data Shift 1 per Tap

V=V'S+V 2

Lattice Filter with Data Shift 3 per Tap

Cascaded IIR Biquad Filter 4 per Section

Sections (4 coeff.)

1024—point FFT and bit reversal 12880
Complex

V=VV+V 4

FIR Filter with Data Shift 4 per Tap

1024—point FFT and bit reversal 20931
Graphics/Image Processing

Divide (32-bit accuracy) 7

Square Root (32-bit accuracy) 12

Bezier Cubic Evaluation for 13

Font Compilation
[4x4][4x4] = [4x4] 67

DSP Peripherals

DSP56200 — The Cascadable
Adaptive Finite Impulse Response Digital Filter

The DSP56200 is an algorithm—specific DSP peripheral
designed to perform computationally—intensive tasks. Two
principal 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 solution for echo cancelling, noise
cancelling, convolution, correlation and orthogonal transform

applications.
PART NUMBERS
Part Description
XC56200LC10 10.5 MHz in Ceramic DIP

DSP96002 Features
o DSP96000 family architecture

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

— 20 MIPS, 50 ns instruction cycle at 40 MHz

— 60 million floating—point operations per second
(MFLOPS) at 40 MHz

— Single cycle 32 x 32 — 96-bit multiply/accumulate

— Ten 96-bit general-purpose data registers

— Zero—overhead nested DO loops

— Two instruction—cycle fast interrupts

— Low—power Wait and Stop Modes

— On-Chip Emuiation for unobtrusive, full-speed
debugging

— 4K byte instruction cache

— Integer mode available

— Single precision mode available

— Timer/Event Counter

DSP96002 peripherals

— Two 32-bit address and data host ports

— Dual channel DMA controlier

DSP96002 memories

— 1024 x 32 program RAM

—2x 512 x 32 data RAM

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

Key Features

Low Power HCMOS

100 ns per tap throughput

256x16-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/O port with 7 control lines

Scratch pad memory

Power down mode

Motorola Master Selection Guide Rev 7
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DSP Peripherals (continued)

DSP56ADC16 — The Analog-To-Digital Converter

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

Key Features

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

e 90-dB signal-to—THD ratio

s 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
Part Description
DSP56ADC16S 16-bit in Ceramic DIP

DSP56401 — The Digital Audio Transceiver

The DSP56401 is a low—cost, digital audio transceiver
system which is compatible with the AES/EBU and EIAJ
CP340 digital audio transmission standards. These standards
are supported by CD players, RDAT recorders, professional
recording and broadcasting equipment, audio workstations,
and other applications including using RDAT recorders as
mass storage for general data. The serial interfaces provide
a no—glue interface to Motorola DSP SSi and SCI ports, 6805
and 68HC11 SPI ports, and Motorola Sigma—-Delta A/D and
D/A converters. Eight serial modes provide flexible interfacing
for the audio sample data and the non—audio information in
various systems.

Key Features

e Single—chip digital audio system — transmitter, receiver

and clock generation

Compatible with the AES/EBU and EIAJ CP340 digital

audio transmission standards

Allows simple audio—only data interfaces or full-featured

AES/EBU systems

Independently clocked on—chip transmitter, receiver and

serial interfaces

Four on—chip oscillators with on—chip programmable

dividers

On—chip phase locked loop frequency and phase

detectors

Three software selected digital audio inputs

Two programmable clock outputs

Four programmable 1/O pins

No-glue interface to Motorola DSP SSl, I12S and

Japanese digital audio interfaces

o No-glue interface to Motorola DSP SCl and MCU SPI
ports for non—audio data

Serial daisy—chain supports digital audioc buses having
multiple DSP56401 and data converter time slots
Simultaneous stereo sampling with two Motorola
DSP56ADC16 A/D converters

Low jitter clock recovery compatible with Sigma—Delta
converter requirements

Muiti-Port Serial Interface™ provides eight serial data
formats

Programmable number of 16, 24 or 32 bit serial time slots
All non—audio information is available at fast or slow
transfer rates

Non—audio data interface supports SSI, SCI, SP! and
EPROM ports

User features and DSP software loading controlled by
software drivers

24-bit program word and 16-bit status word control and
monitor on—chip operation

Hardware parity generation and error detection
Hardware CRC generation and error detection
Multiple chip transmit modulator synchronization

TTL compatibie inputs, CMOS compatible outputs

PART NUMBERS

Part Description

DSP56401FN 68—pin PLCC (Plastic Leaded Chip

Carrier) Surface Mount Package

Digital Signal Processors
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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
Development System (ADS) which acts as a tool for
designing, debugging and evaluating real-time DSP target
system equipment. The ADS simplifies evaluation of the
user’s prototype hardware/software product by making all of
the essential timing and 1/O circuitry easily accessible. Using
an IBM PC™, Macintosh™ |l or a Sun—4™ as a medium
between the user and the DSP hardware significantly reduces
the overall complexity and cost of development while
increasing the capabilities of the system. With the ADS, DSP
programs can be executed in real-time, single instruction
traced or multiple instruction stepped with registers and/or
memory block contents displayed. The ADS is fully
compatible with the CLAS design—in software package for
each product and may act as an accelerator for testing DSP
algorithms.

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.

The DSP56KT2, a direct replacement of the
DSP56000ADS and emulator cable, is a four-component
system which acts as a real-time signal processing emulator
pod for DSP56000/1 target applications. The DSP56KT2
takes advantage of the OnCE port of the DSP56002 to provide
non—intrusive, real-time support by allowing users to debug
target systems at zero wait state, 33 MHz operation.

General ADS Features

Software —

* Single/multiple stepping through DSP object programs
¢ Conditional/unconditional software and hardware
breakpoints

Program patching using a single—line
assembler/disassembler .

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

Display enable/disable of registers and memory
Debug commands which support multiple DSP
development

Hexadecimal/decimal/binary calculator

Multiple input/output file access from DSP object
programs

On-line help screens for each command and register

Hardware —

* Full speed operation

* Multiple ADM support with programmable ADM
addressing

* Stand-alone operation of ADM after initial development

PART NUMBERS

Development Systems Host Machine

DSP56100ADSA IBM PC

DSP56100ADSB Macintosh 1!

DSP56100ADSF Sun—4

DSP56000ADSA IBM-PC

DSP56000ADSB Macintosh Il

DSP56000ADSF Sun—4

DSP96000ADSA IBM PC

DSP96000ADSB Macintosh Il

DSP96000ADSF Sun—4

DSP56002ADSA IBM PC

DSP56002ADSB Macintosh Il

DSP56002ADSF Sun—4

DSP56004ADSA 1BM PC

DSP56004ADSB Macintosh It

DSP56004ADSF Sun—4

DSP56KT2A IBM PC

DSP56KT2B Macintosh 1|

DSP56KT2F Sun—4

DSP56000ADM ADM Board for 56000/1

DSP56002ADM ADM Board for 56002

DSP56004ADM ADM Board for 56004

DSP56156ADM ADM Board for 56156

DSP96000ADM ADM Board for 96000

DSPPCHOST PC compatible host board and -
interface software

DSPMACHOST Macintosh Il host board and interface
software

DSPSUN4HOST Sun-4 host board and interface
software

DSPCOMMAND 16—, 24—, 32-bit Command Converter
board

DSP56004AIB Audio Interface Board for

DSP56004ADS/ADM
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DSP Development Tools (continued)

DSP56156ADS Features

e System commands from within ADS user
interface 'program

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

DSP56000ADS Features

e Host operating system commands from within ADS user
interface program

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

* 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

DSP Development Software
Design-In Software Packages

PART NUMBERS

Simulator/Assembler/
Linker/Library Host Machine
DSP56100CLASA IBM PC
DSP56100CLASB Macintosh Il
DSP56100CLASF Sun—4
DSP56000CLASA IBM PC
DSP56000CLASB Macintosh Il
DSP56000CLASF Sun—4
DSP96000CLASA IBM PC
DSP96000CLASB Macintosh 11
DSP96000CLASF Sun-4

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.

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

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

o Full support of multiple data memory maps

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

2K words of EPROM with sockets expandable

to 16K words

o Full support of multiple data memory maps

* 96-pin connector provides access to all DSP56156 pins

DSP56KT2 Features

o Full-speed 33 MHz DSP56000/1 emulator in target

application with zero wait state external bus accesses

Direct replacement of the DSP56000ADS and

DSP56000EMULTRCABL

* OnCE port on DSP56002 provides dedicated debug port

o Local oscillator for easy evaluation of different target
speeds

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

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

The assembler and linker now provide support for
assembly language source—level debugging via the simulator.
Global symbols, symbols local to sections and even
underscore labels may be referenced with all scoping
constructs intact. In addition, the assembler generates
information about included files and macros. The assembler
and linker also support numbered counters ranging from 0 to
65535.

Digital Signal Processors 2.1-8
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DSP Development Software (continued)

C-Compiler Packages

A full ANSI C compliant compiler, based on GNU
technology, provides higher efficiency and implements more
than 20 major optimization techniques. It has improved in-line
assembly capability and an ANSI C preprocessor. The
package includes the C Compiler, a new COFF Assembler,
Linker, complete ANS| 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 Host Machine

DSP56100 Family

DSP56ICCCA IBM PC 386
DSP56ICCCF Sun—4
DSP56000 Family

DSP56KCCA IBM PC 386
DSP56KCCF Sun-4
DSP96000 Family

DSP96KCCA IBM PC 386
DSP96KCCF Sun—4

C-Compiler Upgrades

Registered users of the earlier versions of the Motorola
DSP C compiler can upgrade to the lastest GNU C compiler
for $120. To order, contact a Motorola sales representative or
distributor. Have your registration number ready.

PART NUMBERS

| GNU C Compiler
DSP56000 Family
DSP56KCCAJ IBM PC

DSP56KCCFJ Sun-4

Host Machine |

Motorola Master Selection Guide Rev 7
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The M68000 Family

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

In Brief . ..
An MPU For All Functions

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

Upward Compatibility

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

A Host of Peripherals

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

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

Table 1.
68000 68020 68030 68040 68060
MIPS 1.6 55 12 35 100
MFLOPS - 0.25 0.5 3.5 15
Address Range 16M Byte 4G Byte 4G Byte 4G Byte 4G Byte
Data Bus 16 bit 32 bit 32 bit 32 bit 32 bit
Clock Speed (MHz) 8-16 16-33 16-50 25-40 50-66
Instruction Cache - 256 Byte 256 Byte 4K Byte 8K
Data Cache - - 256 Byte 4K Byte 8K
Burst Mode - - 16 Byte R 16 Byte R'W 16 Byte R'W
General Purpose Registers 16 16 16 16 16
Address Modes 14 18 18 18 18
On-Chip MMU No No Yes Yes* Yes*
Floating—Point Solution 68881 68882 68882 On-Chip On—Chip
*Separate Instruction/Data
INTEGER UNIT
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] e
BRANCH GENERATE INSTRUCTION INSTRUCTION
INSTRUCTION ATC CACHE
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BUFFER S
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Figure 1. MC68060 Block Diagram
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MC68060
Superscalar 32-Bit Microprocessor

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

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

MC68040
Third—Generation 32-Bit
Microprocessor

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

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

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

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

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

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

MC68030 o
The Second Generation 32-Bit MPU

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

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

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

Motorola Master Selection Guide Rev 7
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MC68030 (continued)

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

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

MC68020
The Original 32-Bit Performance

Standard

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

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

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

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

MC68010

A Virtual Memory Enhancement

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

MC68HC000

A Micropower Alternative

HCMOS design gives the MC68HCO000 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
MC68HC000 is ideal for high—performance computer
peripherals, industrial controllers, instrumentation and
communications equipment.

MC68HCO001

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

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

MC68000
The 16-Bit Foundations

As the first member of the M68000 family, the state—
of-the—arttechnology and advance circuit design concepts
of the MC68000 16-bit MPU started a new trend in
microprocessor architecture. Its seventeen 32-bit data and
address registers permit rapid internal execution of its
powerful yet simple instruction set. It is designed for large
multiprocessing systems and realtime applications with
vectored interrupts, seven priority 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.

MC68008
An 8-Bit Compatible Competitor

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

The principle elements of this popular microprocessor family have now been redesigned specifically for embedded applications.
The new 68ECO0x0 family including the 68EC000, EC020, EC030 and EC040 MPUs are all optimized for cost-sensitive embedded
control designs. The 68ECOx0 family offers the high performance of the 680x0 family, yet streamlines the feature ‘sets for
embedded applications. The 68ECOxO0 family completes the triad forming the M68000 family of compatible products: the 680x0
family of computer—class central processing units; the 68300 family of integrated processors; and now, the 68ECOx0 family of

embedded microprocessors.

Table 2.

68EC000 68EC020 68EC030 68EC040
MIPS 25 6.5 10.7 29
Address Range 16M Byte 16M Byte 4G Byte 4G Byte
Data Bus 16 bit 32 bit 32 bit 32 bit
Clock Speeds 8,10, 12, 16 MHz 16, 25 MHz 25, 40 MHz 20, 25, 33* MHz
Instruction Cache - 256 Byte 256 Byte 4K Byte
Data Cache - - 256 Byte 4K Byte
Burst Fill Caches - - 16 Bytes 16 Bytes
General Purpose Registers 16 16 16 16
Address Modes 14 18 18 18
Floating Point Hardware 68881/68882 68881/68882 68881/68882 68040
Packages PLCC PPGA, PQFP PPGA, CQFP PGA, CQFP*

* Available in the future

MC68EC040
32-Bit High—Performance
Embedded Controller

The 68EC040 is the newest addition to Motorola’s
embedded microprocessor family. It is the performance leader
for top-of-the-line embedded applications. The EC040 is
capable of delivering 29 MIPS of sustained performance at 1.2
cycles per instruction with a system cost that is unattainable
by competing architectures.

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

By integrating all these features into the EC040, the
microprocessor is able to perform the vast majority of work
on—chip, limiting external memory accesses to allow for higher
system performance with less expensive DRAMs. The result
is virtual immunity to the effects of memory wait states.

Motorola Master Selection Guide Rev 7
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Embedded Controliers (continued)

MC68EC030

32-Bit Enhanced Embedded
Controller

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

The MC68EC030 has an on—chip data cache and on—chip
instruction cache with 256 bytes each. Dynamic bus sizing is
available for direct interfacing to 8—, 16—, and 32-Bit Devices.
The MC68ECO030 includes 32-bit nonmultiplexed address
and data buses, sixteen 32-bit general-purpose data and
address registers, and two 32-bit supervisor stack pointers
and eight special-purpose control registers. The EC030
provides complete support for coprocessors with the M68000
coprocessor interface. There are two access control registers
that allow blocks to be defined for cacheability protection. The
pipelined architecture, along with increased parallelism,
allows internal caches accesses in parallel with bus transfers
and overlapped instruction execution. The enhanced bus
controller supports asynchronous bus cycles (three clocks
minimum), synchronous bus cycles (two clocks minimum),
and burst data transfers (one clock).

MCG68EC020
32-Bit Embedded Controller

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

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

MC68EC000
Low-Powered HCMOS

Embedded Controller

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

The 68ECO000 represents the lowest cost entry point to any
32-bit architecture. Coupled with efficient support for
high—level languages and real-time operating systems, the
68ECO000 provides unparalleled compatible migration paths to
higher performance.
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Integrated Processors

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

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

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

application. The 683000 family embraces both of these tested and consistently documented.

concepts.
Table 3.

68302 68306 68330 68331 68332 68333 68334 68340

Core Processor 68000 680EC00 CPU32 CPU32 CPU32 CPU32 CPU32 CPU32
Speeds (MHz) 16,20 16 16,25 16 16 16 16 16, 25
DMA Yes - - - - - - Yes
Serial Processor Yes - - - - - - -
Time Processor Unit - - - - Yes Yes Yes -
Flash EEPROM - - = - - 64K - -
Serial /0 Yes Yes - Yes Yes Yes - Yes
Timers 1 - = 1 - - - 2
A/D Converter - - - - - Yes Yes -
SRAM 1K - - - 2K 4K 1K -
DRAM Controller - Yes - - - - = -
Glue Logic (SIM) Yes Yes Yes Yes Yes Yes Yes Yes
3.3 Volts Available - — - - - - - Yes

MC68302

Integrated Multiprotocol Processor

The MC68302 integrated multiprotocol processor (IMP) is
a very large—scale integration (VL.SI) device incorporating the
main building blocks needed for the design of a wide variety
of controllers used in the communications industry. The IMP
is the first device to offer the. benefits of a closely coupled,
industry—standard M68000/MC68008 microprocessor core
and a flexible communications architecture. The
three—channel communications device may be configured to
support a number of popular industry interfaces, including
those for the Integrated Services Digital Network (ISDN) basic
rate and terminal adaptor applications. Through a

combination of architectural and programmable features
concurrent operation of different protocols (HDLC/SDLC™,
UART, BISYNC, DDCMP™, or transparent modes) can easily
be achieved. Data concentrators, modems, line cards,
bridges, and gateways are examples of suitable applications
for this device

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

MC68306
Integrated 68EC00 Processor

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

MC68330

Integrated CPU32 Processor

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

MC68331
32-Bit Microcontroliler

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

MC68332

32-Bit Microcontroller

The 68332is especially suited for high—performance timing
applications such as automotive engine control, precision
motor control and industrial robotics. The powerful Time
Processor Unit (TPU) distinguishes the 68332 providing
optimum performance in controlling time-related activity. It
drastically reduces the need for CPU intervention with its
dedicated execution unit, tri-level prioritized scheduler, data

storage RAM and dual time bases. In addition to the TPU and
CPU32, the 68332 features the QSM, a SIM and 2-Kbytes of
standby static RAM.

MC68F333

32-Bit Microcontroller

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

MC68334

32-Bit Microcontroller

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

MC68340

Integrated Multiprotocol Processor
with DMA

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

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

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

The M68000 Family 2.2-8
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Coprocessors

MC68851

Paged Memory Management Unit,
PMMU

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

MC68881
A Floating Point Coprocessor

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

MC68882

Enhanced Floating Point
Coprocessor

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

DMA Controllers

MC68450
DMA Controller, DMAC

The DMAC maintains high—performance data movement
for complex M68000 MPU-based systems. While pin
compatible with the MC68440 DDMA, the DMAC offers four
completely independent DMA channels. In addition to all the
features of the DDMA, the DMAC also provides very
sophisticated manipulation of data through sequential and
linked array—chained addressing capabilities.

MC68440
Dual Direct Memory Access
Controller, DDMA

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

Network Devices

MC68824
Token Bus Controller, TBC

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

MC68184

Broadband interface Controlier

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
whenimplementing 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.

MC68185
Twisted—Pair Modem

The MC68185 Twisted—Pair Modem (TPM) is used in
conjunction with a MC68824 Token Bus Controller (TBC), an
RS485 transceiver, and a twisted—pair media to implement a
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Network Devices: MC68185 — Twisted—Pair Modem (continued)

low—cost area network (LAN). The MC68824 TBC implements
the layer 2 media access control (MAC) portion of the IEEE
802.4 LAN station and receiver portion for the IEEE 802.2
logical link control (LLC) type 3 as well as providing support for
LLC type 1 and type 2. The TPM interfaces directly to the TBC,
providing physical layer management, including MAC symbol
encoding/decoding at data rates up to 2 Mbps.

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

MC68194

Carrierband Modem

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

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

MC68195

Local Talk Adaptor

The MC68195 LocalTalk adaptor (LA) is used in
conjunction with the MC68302 Integrated Multiprotocol
Processor (IMP) to build a network interface to LocalTalk™,
also known as AppleTalk™. LocalTalk refers to the 230.4—kbps
Local Area Network (LAN) that connects multiple 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 LANSs at up to
2.5 Mbps using bi-phase space (FMO) encoding.

MC68605
X.25 Protocol Controller, XPC

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

MC68606

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

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

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

Data Communication Devices

MC68681
MC2681

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 data registers are quadruple buffered and
transmitter data registers are double buffered for minimum
MPU intervention. Each has its own independently selectable
baud rate. Multifunction 6-bit input port and 8-bit output port,
a 16-bit programmable counter/timer, interrupt handling
capabilities, and a maximum one-megabyte per second
transfer rate make the DUART an extremely powerful device
for complex data communication applications. Full device
functionality with an M6800 bus interface is provided by the
MC2681.

The M68000 Family
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General Purpose I/O

MC68230
Parallel Interface/Timer, PIT

The PI/T provides versatile double—buffered paraliel -

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.

MC68901
Multifunction Peripheral, MFP

The MFP provides basic microcomputer function
requirements as a single companion chip to the M68000
Family of Microprocessors. Features provided via a direct
M68000 system bus interface include a full-function,
single—channel Universal Serial Asynchronous
Receiver/Transmitter (USART) for data communication, an
8-source interrupt controller, eight parallel I/0 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 accommodate rings with
1,000 stations. Two kilometers between stations, and up to
200 kilometers in total length. This technology is driven by the
need to support high performance distributed computer
systems which are becoming faster and more powerful, thus
imposing a greater need for network speed and bandwidth.
Other uses for FDDI include backbone networks connecting
Ethernet, Token Bus, and Token Ring segments and back end
networks connecting high—speed peripherals. FDDI is an
American National Standards Institute (ANSI) standard.
Motorola’s FDDI chip set includes the MC68836, MC68837,
MC68838, and MC68839.

MC68836

FDDI Clock Generator

The MC68836 FDDI Clock Generator (FCG) implements
part of the Physical Layer (PHY) functions of the FDDI
standard including clock recovery, data recovery, and NRZI

conversions. The FCG also does a five-bit paraliel to serial
conversion during transmission, and a serial to five—bit parallel
conversion during reception. The FCG uses the five—bit
parallel interface to communicate with the MC68837 device.
The FCG directly connects to fiber optic modules through
differential driver/receiver pins. Features include full duplex
operations, 125 MHz clock recovery from incoming serial
NRZI data stream, and 125 MHz transmit clock generation.

MC68837

Elasticity Buffer and Link Manager

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

MC68838

Media Access Controller

The Media Access Controller (MAC) implements the MAC
portion of the FDDI standard. The MAC protocol is the lower
sub-layer of the ISO OS! 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 ona per
frame basis. The MAC also contains an interface to Content
Addressable Memory (CAM) for individual and multicast
address recognition.

MC68839
FDDI System Interface

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

Motorola Master Selection Guide Rev 7
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Development Tools

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.

M68ECOx0IDP

Evaluation Boards for Embedded
Controllers

The M68000 family IDP is a board set designed to provide
a low—cost evaluation platform, yet flexible environment for
developing both software and hardware for the family
products. The platform provides the means for M68000
microprocessor and tool evaluation which enables users to
properly select the microprocessor and associated tools for
their next application. Because the turnkey development
system requires the user to do very little to power up the
system and begin development, significant time savings is
realized by reducing the overall time that the product takes to
get to market.

The IDP consists of an M68000 Family microprocessor-based
CPU module as well as a generic IDP motherboard designed

Support Software
M6BKESW-PC1

This Intermetrics software package is for the 68K Family
(68000, 68008, 68HC001, 68010, 68020, 68030, 68EC030,
68040, 683xx). The M6BKESW InterTools package includes
C compiler, assembler/linker, run—time libraries, and one year
of support from Intermetrics.

to support each CPU module. The IDP also includes two
software debug monitor programs: Integrated Systems’
ROMB68K™ and Intermetrics’ SmartROM™. This configuration
allows the user to take advantage of an entire suite of features,
including tracing, assembling, disassembling and
downloading, that are offered by the monitors. Optional
software is available to expand the development environment
of the IDP by allowing the user to design, debug and evaluate
the M68000 microprocessor—based applications in real-time
and non-real-time operating system environments. The IDP
also functions as a tool for final test or fault analysis of user
target systems.

The IDP only requires a user—supplied power supply and
an RS-332 ASCII terminal or host computer with an RS-232
serial port. Aithough the IDP will function using a terminal, the
preferred communication device is a host. computer.
Operating the IDP with a host computer allows the user to
develop, compile and debug code using one of many optional
software tools. Once code is developed, the program can be
saved and downloaded to the IDP from the host computer.

M68340EVS

Evaluation System

The MB68340EVS is an inexpensive three-board
evaluation and development system which allows the user to
design, debug and evaluate 68340-based applications. It
interfaces easily to traditional emulation tools and includes its
own software debugger.

M68040FPSP

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

Table 4. Selector Guide
Device Number Package Speeds Device Type
MC68000 64-Lead L*, P 8,10, 12, 12F* Microprocessor
68-Lead R, RC*, FN 8, 10, 12, 12F*
MC68EC000 68-Lead FN 8,10, 12, 16 Embedded Controller
MC68HC000 64-Lead P 8,10, 12, 12F*, 16 Microprocessor
68-Lead R, RC*, FN 8,10, 12,16
68-Lead FC 8,10,12,16
MC68HC001 68-Lead R, RC*, FN 8,10, 12,16
MC68008 48—Lead P 8,10 Microprocessor
52-Lead FN 8,10
MC68010 64-Lead P 8,10, 12 Microprocessor
68-Lead R, RC*, FN 8,10,12

* Not recommended for new design
All package/speed combinations may not be valid — consult factory to verify
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Table 4. Selector Guide (continued)

Device Number Package Speeds Device Type
MC68020 114-Lead RC 12, 16, 20, 25, 33 Microprocessor
132-Lead FE* 16, 20, 25
114-Lead RP 16, 20, 25
132-Lead FC 16, 20, 25
MCBBECHR0 100-1ead FG, RP 16,25 Embedded Controlier
MC68030 128-Lead RC 16, 20, 25, 33, 40, 50 Microprocessor
124—-Lead RP 16, 20, 25, 33
132-Lead FE 16, 20, 25, 33
MCBRECO30 124-Lead RP 25,40 Ernbsdded Controlier. 1
132-Lead FE 25,40 '
MC68040 179-Lead RC 25, 33, 40 Microprocessor
MGCB8EC040 179-Lead RC 20, 25, 33 Embedded Gontroller
184-Lead FE 20,25 ' :
MC68LC040 179-Lead RC 20, 25, 33 Microprocessor
184-Lead FE 20,25
MCBE040V 184—-Lpad FE 25,83 i "r‘uca,ssé‘r
MC68060 223-Lead RC 50, 66 Microprocessor
TBD-Lead FE 50, 66 ’
MCE8184 40-Lead P, L. - Neiwork
MC68185 44-Lead FN - Network
68—Lead RC -
MC68194 52--lead FJ - Netwaork
MC68195 44-Lead FN - Network
MC68230 48-Lead P 8,10 General Purpose 1/O
52-Lead FN 8,10
MC68302 132-Lead RC, FE, FC, FD 16, 20 Integrated Processor
MCBR306 128-Lead FC 16 integrated Frocessor
132-Lead FG 16
MC68330 132-Lead FC 16, 25 Integrated Processor
8,16 @ 3.3V
MC68331 132-lLead FC 16 Integrated Processor
MC68332 132-Lead FC 16 Integrated Processor
MC88340 144-Lead FE 186,25 Integrated Processor
145-Lead RP 18,25
MC68340V 144-Lead FE 8,16 @ 3.3V Integrated Processor
145-Lead RP 8,16 @ 3.3V
MC68360 240-Lead FC 0-25 . Integrated Communication
241-lead RC 0--25 - Gontrolier
MC68440 68-Lead L, P 8,10 DMA Controller
68-Lead R, FN 8,10
MC8B8450° 68-lead L, P 8,10 DMA Controller
68-Lead R, FN 8,10
MC68605 84-Lead R, RC 10,12, 16 Network
84-Lead FN 10,12, 16
MC68606 84-Lead RC 12,16 Network
84-Lead FN 12,16

* Not recommended for new design

All package/speed combinations may not be valid — consult factory to verify
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Table 4. Selector Guide (continued)

Device Number Package Speeds Device Type
MC2681 40-Lead P, L* - Data Communication
44-Lead FN -

MC68681 40-i.ead *-’ L - Data Communication
44-Lead FN

MC68824 84-Lead R, RC 10,12, 16 Network
84-Lead FN 10, 12,16

MCh8836 Sz-lead FN - Fiber Distribtited Data

- Interface

MC68837 120-Lead KB - Fiber Distributed Data
120-Lead FC - Interface

MC68838 120-i.ead KB Fiber Distributed Data
120-Lead FC - Interface

MC68839 184-Lead RC - Fiber Distributed Data
184-Lead FE - Interface

MC68851* 132-i.ead RC 12,16, 20 CoProcessor

MC68881 68-Lead RC, FN 12,16, 20 CoProcessor

MC68882 68-Lead RC 16, 20, 25, 33, 40, 50 CoProcessor
88-Lead RN 18, 20, 25, 33, 40

MC68901 48-Lead P - General Purpose 1/0
52-Lead FN -

FC = Plastic Quad (Gull Wing)

FD = Plastic Quad w/Molded Carrier Ring
FE = Ceramic Quad (Gull Wing)
FG = Plastic Quad Flat Pack (PQFP)

FN = Plastic Quad Pack (PLCC)

KB = Ceramic PGA w/Ceramic Lid
L = Ceramic DIP
LC = Ceramic DIP, Gold Lead Finish

P = Plastic DIP

R = Pin Grid Array, Solder Lead Finish
RC = Ceramic PGA, Gold Lead Finish
RP = Plastic Pin Grid Array

* Not recommended for new design

All package/speed combinations may not be valid - consult factory to verify
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The M88000 RISC Family

in Brief . .. ‘

Motorola’s 88000 Family comes from the only company Page
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performance level while maintaining software compatibility.
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Motorola’s 88000 RISC Microprocessors

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

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

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

Performance Plus Software
Compatibility

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

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

Microprocessors

MC88100RC
32-Bit RISC Microprocessor

The MC88100 is the first processor in the 88000 Family of
RISC (reduced instruction set computer) microprocessors.
Implemented with Motorola’s HCMOS technology, the
MC88100 incorporates 32-bit registers, data paths, and
addresses. In designing the MC88100, Motorcla 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 inone machine cycle.

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

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

MC88110RC
32-Bit RISC Micreprocessor

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

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

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

The M88000 RISC Family 2.3-2
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Cache/Memory
Management Units
MC88200RC

16—Kilobyte Cache/Memory
Management Unit (CMMU)

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

interface and an M bus (memory bus) interface. A processor

may use two or more CMMUs for increased data cache and
ATC sizes.

MC88204RC

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

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

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

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

MC88410

Secondary Cache Controller

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

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

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

Family

In Brief ...

The PowerPC architecture is derived from the IBM
Performance Optimized with Enhanced RISC (POWER)
architecture. The PowerPC architecture shares all of the
benefits of the POWER architecture but is optimized for
single~chip implementations. The architecture design
emphasizes parallel instruction execution and high
throughput and allows for exceptional floating—point
performance. The PowerPC architecture is powerful
today and is scalable from palmtops to mainframes. The
MPC601 is a 32-bit implementation of the 64—bit
PowerPC architecture. .

) Page
MPC601 RISC Microprocessor ................... 2.4-2
MPC603 RISC Microprocessor ................... 2.4-4
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MPC601 RISC Microprocessor

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

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

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

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

The MPC601 has a 64-bit data bus and a 32-bit address
bus. The MPC601 interface protocol allows multiple masters
to compete for system resources through a central external
arbiter. Additionally, on—chip snooping logic maintains cache
coherency in multiprocessor applications. The MPC601
supports single—beat and burst data transfers for memory
accesses; it also supports both memory—mapped I/0 and I/O
controller interface addressing.

The MPC601 uses an advanced, 3.6-V CMOS process
technology and maintains full interface compatibility with TTL.
devices.

MPC601 Features

Major features of the MPC601 are as follows:

High—performance, superscalar microprocessor

— As many as three instructions in execution per clock
(one to each of the three execution units)

— Single clock cycle execution for most instructions

— Pipelined FPU.for all single—precision and most
double—precision operations

Three independent execution units and two register files

— BPU featuring static branch prediction

— A 32-bit U

— Fully IEEE 754—compliant FPU for both single— and
double—-precision operations
— Thirty—two GPRs for integer operands
— Thirty—two FPRs for single— or double—precision
operands
¢ High instruction and data throughput
— Zero—cycle branch capability
— Programmable static branch prediction on unresolved
conditional branches
— Instruction unit capable of fetching eight instructions
per clock from the cache
— An eight—entry instruction queue that provides look—
ahead capability
— Interlocked pipelines with feed—forwarding that control
data dependencies in hardware
— Unified 32-Kbyte cache — eight—way set—associative,
physically addressed; LRU replacement algorithm
— Cache write—back or write—through operation
programmable on a per page or per block basis
— Memory unit with a two—element read queue and a
three—element write queue
— Run—time reordering of loads and stores
— BPU that performs condition register (CR) look—ahead
operations
— Address translation facilities for 4—Kbyte page size,
variable block size, and 256—Mbyte segment size
— A 256-entry, two—way set—associative UTLB
— Four—entry BAT array providing 128-Kbyte to 8-Mbyte
blocks
— Four—entry, first-leve! ITLB
— Hardware table search (caused by UTLB misses)
through hashed page tables
— 52-bit virtual address; 32-bit physical address
» Facilities for enhanced system performance
— Bus speed defined as selectable division of operating
frequency
— A 64-bit split-transaction external data bus with burst
transfers
— Support for address pipelining and limited
out—of—order bus transactions
— Snooped copyback queues for cache block (sector)
copyback operations
— Bus extensions for I/O controller interface operations
— Muitiprocessing support features that include the
following:
— Hardware enforced, four—state cache coherency
protocol (MESI)
— Separate port into cache tags for bus snooping
o In-system testability and debugging features through
boundary—scan capability

Block Diagram )

Figure 1 provides a block diagram of the MPC601 that
illustrates how the execution units — U, FPU, and BPU —
operate independently and in parallel.
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MPC603 RISC Microprocessor

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

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

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

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

The MPC603 provides independent on—chip, 8-Kbyte,
two-way set—associative, physically addressed caches for
instructions and data and on—chip instruction and data
memory management units (MMUs). The MMUs contain
64-entry, two-way set-associative, data and instruction
translation lookaside buffers (DTLB and ITLB) that provide
support for demand-paged virtual memory address
translation and variable-sized block translation. The TLBs
and caches use a least recently used (LRU) replacement
algorithm. The MPC603 also supports block address
translation through the use of two independent instruction and
data block address translation (BAT) arrays of four entries
each. Effective addresses are compared simultaneously with
all four entries in the BAT array during block translation. In
accordance with the PowerPC architecture, if an effective
address hits in both the TLB and BAT array, the BAT translation
takes priority.

The MPC603 has a selectable 32— or 64—bit data bus and
a 32-bit address bus. The MPC603 interface protocol allows
multiple masters to compete for system resources through a
central external arbiter. The MPC603 provides a three—state
coherency protocol that supports the Exclusive, Modified, and
Invalid cache states. This protocol is a compatible subset of
the MESI four—state protocol and operates coherently in

systems that contain four-state caches. The MPC603
supports single-beat and burst data transfers for memory
accesses; it also supports both memory—mapped I/O and /O
controller interface addressing.

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

MPC603 Features

Major features of the MPC603 are as follows:
« High—performance, superscalar microprocessor
— As many as five instructions in execution per clock
— Single cycle execution for most instructions
— Pipelined FPU for all single-precision and most
double—precision operations
o Five independent execution units and two register files
— BPU featuring static branch prediction
— A 32-bit IU
— Fully IEEE 754—compliant FPU for both single— and
double—precision operations
— LSU for data transfer between data cache and GPRs
and FPRs
— SRU executes condition register and special purpose
register (SPR) instructions
— Thirty—two GPRs for integer operands
— Thirty—two FPRs for single— or double—precision
operands
o High instruction and data throughput
— Zero—cycle branch capability (branch folding)
— Programmable static branch prediction on unresolved
conditional branches
— Instruction fetch unit capable of fetching two
instructions per clock from the instruction cache
— A six—entry instruction queue that provides
look—ahead capability
— Independent pipelines with feed—forwarding that
reduces data dependencies in hardware
— 8-Kbyte data cache — two—-way set-associative,
physically addressed; LRU replacement algorithm
— 8-Kbyte instruction cache — two-way
set—associative, physically addressed; LRU
replacement algorithm
— Cache write—back or write—through operation
programmable on a per page or per block basis
— BPU that performs condition register (CR) look-ahead
operations
— Address translation facilities for 4—Kbyte page size,
variable block size, and 256—Mbyte segment size
— A 64—entry, two—way set—associative ITLB
— A 64—entry, two—way set—-associative DTLB
— Four—entry data and instruction BAT arrays providing
128-Kbyte to 256—-Mbyte blocks
— Software table search operations and updates
supported through fast trap mechanism
— 52-bit virtual address; 32—bit physical address

The PowerPC RISC Family Microprocessor 2.4-4
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Facilities for enhanced system performance ¢ In-system testability and debugging features through
— A 32- or 64-bit split-transaction external data bus JTAG boundary-scan capability

with burst transfers .
Bl
— Support for one level address pipelining and MPC603 Block Diagram

; Figure 2 provides a block diagram of the MPC603 that
out-of-order bus transactions . . ¥
— Bus extensions for I/O controller interface operations ilustrates how th? execution units _.'U’ FPU, BPU, LSU, and
« Integrated power management : SRU — operate mdependently andin para.llel. '
— Low—power 3.3 volt design ) . jl'.r!e MPCGO? provides address transl.atlon ar.1d protection
— Internal processor/bus clock multiplier provides 1/1, facilities, including a.n ITLB, .DTLB’ qnd mstl"uctlon and data
2/1, 3/1 and 4/1 ratios QAT arrays. Ir)structnon felchlng and issuing is handled in the
— Three power saving modes: doze, nap, and sleep instruction unit. Translation of addresses for cache or external
— Automatic dynamic power reduction when internal memory accesses are handied by the MMUs.

functional units are idle
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Single-Chip

Microcontrollers (MCU)

In Brief ...

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

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

"M68HC16 devices share standard internal modules and
bus configurations.
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M68HCO05 CSIC Family

There are now more than 150 different standard products
in the M68HCO5 family. This family of products offers more
on-chip memory and peripheral options than any other
microcontroller line.

The M68HCO05 Family is the basis for the Motorola
Customer Specified Integrated Circuit (CSIC) design
program. The CSIC program is targeted for high-volume
projects that require the cost-efficiency of standard devices,
but have requirements that cannot be met by “off the shelf”
components.

To develop a CSIC, the user selects the 68HCO05
microcontroller that best meets design specifications, then
specifies additional features, such as on-chip memory
(including  RAM, ROM, EPROM, and EEPROM),
communications interfaces (such as SCI, SPI, SIOP and 12C),
timers, A/D converters, pulse-width modulators, or display
drivers. Motorola design engineers evaluate customer
requests to create a device that best meets the needs of the
market. The resulting CSIC often becomes a standard product
in the M68HCO05 Family.

Motorola has an extensive line of one-time programmable
(OTP) microcontrollers that can be used to prototype new
products. Code changes can be made quickly in OTP devices,
and OTP microcontrollers cost much less than windowed
EPROM devices. OTP devices can also be used for
low-to-medium quantity production runs, or for products that
require different code for model variation.

M68HCO05 General Purpose
Microcontrollers

M68HCO05 C-Series devices offer a wide variety of memory
options capable of handling complex programs. An on-chip
SCl provides asynchronous —communications  with
software-selectable baud rates from 75 Hz to 131 kHz. The
SPI, a high-speed, synchronous 4-wire serial system, is ideal
for driving off-chip displays and peripherals. C-Series devices
include a powerful 16-bit free running programmable counter
in conjunction with input capture and output compare
functions for simultaneous input waveform measurement and
output waveform generation. A watchdog timer is available to
guard against software runaway in noisy environments.

The M68HCO05 E Series includes the 68HCO5EQ, the first
expandable M68HC05 without on-chip ROM. Designed as an
expanded part, the 68HCO5EO can address up to 64K bytes
of external memory and is available off the shelf without mask
production.

The G Series was created to support the demands of
portable computer applications. With features like dual SCI,
keyboard control, PLL, and power management, the G-Series
provides an extremely versatile control solution for the next
generation of laptop computers.

The H Series is a LDMOS (Lateral Diffusion Metal-Oxide
Silicon) device. LDMOS is capable of driving high current and
high voltage without external components, making it ideal for
portable applications using brushless motors.

To address the special requirements of CD-I (Compact
Disk-Interactive) applications, the | Series features an on-chip

68000 interface module and dual SCI for multiple peripheral
control.

The J Series has developed an affordable 20-lead tier of
the 8-bit M68HCO05 Family. The powerful 68HC05 CPU is
combined with a flexible, 15-stage multifunction timer and
real-time interrupt capability.

The K Series is our lowest-cost, lowest-pin count
microcontroller series to date. The K Series includes the first
68HC05 microcontrollers to be offered in compact 16-lead DIP
and SOIC packages, and it provides the optimum solution for
cost-sensitive applications requiring 8-bit performance at 4-bit
prices.

Born out of the CSIC design concept, the P Series offers
a 28-lead family of microcontrollers with a variety of ROM
sizes and special features such as a Serial Input/Output Port
(SIOP) to control display drivers and communicate with other
peripherals. Other options include A/D input and on-chip
EEPROM for non-volatile data storage.

M68HCO05 Telephone
Microcontrollers

The F Series is designed for a broad range of
telecommunications applications, particularly cordless and
cellular phones. Options include an on-chip Dual-Tone
Multi-Frequency (DTMF) generator and receiver, LED drive,
tone generator, and keyboard interrupts.

M68HCO05 Analog /O +
EEPROM Microcontrollers

The M68HCO05 B-Series features on-chip EEPROM, an
8-channel 8-bit A/D converter, and pulse-width modulation
(PWM) outputs making it ideal for a wide range of automotive,
industrial, and consumer applications. Non-volatile EEPROM
can retain user-programmed settings or factory codes. The
A/D system can convert information provided from optical,
temperature, and pressure sensors into digital signals for
processing. Software stored in EEPROM can also be used to
monitor and calibrate sensors, greatly reducing overall
system cost. PWM outputs can then be used for precise motor
control, minimizing additional circuitry, or to generate analog
signals.

M68HCO05 Display
Microcontrollers

The L-Series is a versatile selection of very powerful
microcontrollers capable of driving the large liquid crystal
display (LCD) modules utilized in today’s advanced handheld
equipment. The series is designed specifically for low-power
applications where minimum chip count is essential. On-chip
options include a tone generator for alert functions found in
pagers, telephones, and dashboard displays; full expanded
bus with a Memory Management Unit (MMU) for efficient
external data handling; real-time clock; and key-pressed
wake-up from sleep mode. The L-Series is ideal for
multi-language translator and pocket directory applications.

Single-Chip Microcontrollers (MCU) 2.5-2
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M68HCO05 Display Microcontrollers (continued)

The T Series offers a features suited for many video and
television applications. The On-Screen Display (OSD) system
provides a multi-color display capability for menu-driven
features. The A/D converter can be used to control fine tuning,
while  PWM converter systems can control volume,
brightness, and other analog functions.

The CC-series of TV microcontrollers evolved from the
T-family. In addition to TV control peripherals, these devices
have closed-caption Data Slicer (DSL) and enhanced OSD
features for the decoding and display of closed captions.

The D Series offers additional D/A output capability

combined. with a high-current LED drive for a variety of
applications with display requirements.

The M Series is designed specifically for appliance and
audio/visual applications utilizing vacuum fluorescent display
(VFD). The on-chip VFD driver provides 40-volts on 24
bidirectional 1/O lines. An additional 8-bit free-running

TCMP

modulus timer makes the M series suited to applications with
complex timing requirements. Other features include a
6-channel 8-bit A/D system, SCI, and a large ROM option.

M68HC05 Smart Card
Microcontrollers

Motorola is the leading designer and manufacturer of
secure microcontrollers for smart card and conditional access
systems. With over 10 years experience in smart card
applications, Motorola has extensive knowledge of the
technical requirements and can offer full hardware and
software support. The SC Series is designed specifically for
use in smart card applications, and has some of the smallest
available microcontroller die sizes.
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68HC05 MICROCONTROLLERS

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

Table 1. 68HC05 General-Purpose Microcontrollers

Part ROM RAM | EEPROM Display
Number (Bytes) | (Bytes) Bytes Timer Serial | A/D PWM Drive o CcopP COmments Package
MC68HC05B4 4K 176 16-bit: SClI 8ch 2ch 24ilo I 56 SDIP-B
(2IC, 20C) (8-bit) | (8-bit) 8i20 52 PL-CCFN
MC68HC05B6 6K 176 256 16-bit: SCI 8ch 2c¢ch 24ilo » On-Chip Charge 56 SDIP-B
(2IC, 20C) © ] (@-bit)y | (8-bit) 8i20 Pump EEPROM | 52 PLCC-FN
Write Protect 64 QFP-FU
MC68HC05B8 7.25K 176 256 16-bit: SCI 8c¢ch 2c¢ch 24ilo v On-Chip Charge 56 SDIP-B
(2IC, 20C) (8-bit) | (8-bit) 8i20 Pump EEPROM | 52 PLCC-FN
Write Protect
XC68HC05B16 15K 352 256 16-bit: SCI 8ch 2ch | 240 I On-Chip Charge | 52 PLCC-FN
: (21C, 20C) (8-bity | (8bity | 8i20 Pump KBI (8 64 QFP-FU
pins)EEPROM
Write Protect
MCB8HC05C4 4K . 176 16-bit: SCI 28 ilo High Speed 40 DIP-P
(11C,10C) | SPI 3i Option 44 PLCC-FN
(HSCO05C4) Low | 44 QFP-FB
Power Option 42 SDIP-B
(HCLO05C4)
MC88HC05C5 5K 176 128 16-bit: SIOP 32ilo ¥ 8 High Current 40 DIP-P
: (11C, 10C) Pins (10 mA 44 PLCC-FN
sink) LVPI,
On-Chip Charge
Pump
MC68HC05C8 8K 176 16-bit: SCI 28i/o High Speed 40 DIP-P
(11c,10¢) | spi 3i Option 44 PLCC-FN
(HSCO5C8) Low | 44 QFP-FB
Power Option 42 SDIP-B
(HCLO5C8)
MC68HC05C9 16K 352 16-bit: SCI 31ilo I 705C9 not 40 DIP-P
(11C, 10C) | SPI available in QFP | 44 PLCC-FN
44 QFP-FB
42 SDIP-B
XC68HCO5C9A 16K 352 16-bit: SCI 31ilo I 1 High Current 40 DIP-P
(11C, 10C) SPI 1i Pin (20 mA sink) | 44 PLCC-FN
Mask Option 44 QFP-FB
Pullups (8 pins) 42 SDIP-B
KBI (8 pins)
MC88HC05C12 12K 176 16-bit: SCI 28i/o v 1 High Current 40 DIP-P
(11C, 10C) | SPI 3i Pin (20 mA sink) | 44 PLCC-FN
KBI (8 pins) 44 QFP-FB
Mask Option 42 SDIP-B
Pullups (8 pins) ’
XC68HC05CC1 16K 544 8-bit: Pulse | 12C 1ch 8ch osD 31ilo Closed Caption 40.DIP-P
Accum (5-bit) | (6-bit) (127 Television NTSC | 42 SDIP-B
MFT Char Data Slicer w/int
ROM) Sync Sep 28
MHz PLL 8
Open Drain /0
Pins, 5 V Only
MC68HC05D9 16K 352 16-bit: SClI 5¢ch 32i/o v 8 High Current 40 DIP-P
(11C, 10C) (6-bit) Pins (25 mA 44 PLCC-FN
sink) 30 kHz
PWM
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Table 1. 68HC05 General-Purpose Microcontrollers (continued)

Part ROM RAM | EEPROM Display
Number (Bytes) | (Bytes) Bytes Timer Serial A/D PWM Drive [/[e] cop COmments Package

MC68HC05D24 24K 352 16-bit: SCI 5ch 31i/o » 8 High Current 40 DIP-P
(11C, 10C) (6-bit) Pins (24 mA 44 PLCC-FN
sink) 30 kHz 44 QFP-FB
PWM

XC68HC05D32 32K 352 16-bit: SCI 5ch 31i/o 4 8 High Current 40 DIP-P

’ (11C, 10C) (6-bit) Pins (24 mA 44 PLCC-FN
sink) 30 kHz
PWM

MC68HCO5EQ 0 480 MFT, RTI SPI 36 i/o Non-Mux EBI 8 68 PLCC-FN
12c (16-bit Address)
w/3 Chip Selects
High Current
Pins (24 mA
sink)KBI (8
pins), 5 V Only

MC68HCO5E1 4K 368 MFT, RTI 20i/o v 32 kHz PLL 28 DIP-P
Clock 28 SOIC-DW
Synthesizer

XC68HCO5F2 2K 256 16-bit: SPI 30ilo DTMF 42 SDIP-B
(1iC, 10C) 20 Generator 44 QFP-FB
4 High Current
Pins (10 mA
sink)

KBI (6 pins)

MC68HCO5F5 5K 224 MFT, RTI 30i/0 v DTMF Receiver 40 DIP-P
1i Mask IRQ 44 PLCC-FN

MC68HCO05F6 4K 320 16-bit: SPI 26ilo DTMF 42 SDIP-B
(11C, 10C) 4i Generator 44 QFP-FB
20 8 High Current 64 QFP-FU
Pins (10 mA
sink)

KBI (6 pins)

XC68HCO5F8 8K 320 16-bit SPI 50i/0 » DTMF 64 QFP-FU
(11C, 10C) 20 Generator
16-bit: auto KBI (8 pins)
Manchester
Encoder/
Decoder 8 High
Current Pins
(10 mA sink)

MC68HC05G1 8K 176 16-bit: SPI 4ch 40i/o0 » 32 kHz 56 SDIP-B
(11C, 10C) (8-bit) 8i PLL-Standby 64 QFP-FU
RTC modes

MC68HC05G3 24K 768 16-bit: Dual 8ch 4ch 48ilo » | KBI (8 pins) 80 QFP-FU
(11C,10C) | SPI | (8-bit) [ (8-bit) 161 Dual

8-bit: 40 Oscillators-
Event Cntr Selectable
Clock Dual IRQ

XC68HC05G9 12K 304 MFT, RTC PIO 8ch 4ch 40i/o KBI (8 pins), 160 QFP-FT
2810 | (8-bit) | (8-bit) 24i Keyboard
Controller

IDE Interface,
Power
Management

32 kHz PLL,
Host Address
Decoder

4 Programmable
Chip Selects
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Table 1. 68HC05 General-Purpose Microcontrollers (continued)

Part ROM RAM | EEPROM Display
Number (Bytes) | (Bytes) Bytes Timer Serial | A/D PWM Drive o copP COmments Package
XC68HC05G10 12K 304 MFT, RTC 5c¢ch 4ch 39ilo 100 Pin Version | 100 QFP-FU
(8-bit) | (8-bit) 23i of G9, Power
Mgmt KBI (8
pins), Keyboard
Controller
4 Programmable
Chip Selects
32 kHz PLL,
Host Address
Decoder
XC68HCO5H2 2K 128 MFT, RT1 SlopP 2ch 16i/o » 4 L.DMOS 40 DIP-P
(8-bit) 4i Power Output 42 SDIP-B
40 Drivers 44 QFP-FB
w/Switch, Driver,
and H-Bridge
4 Voltage
Compare
Channels
XC68HCO0518 8K 224 16-bit: Dual 42i/o » 68000 Interface 64 QFP-FU
(2IC, 10C) | sclI Module 68 PLCC-FN
RTI Receiver
Wake-up
MC68HC05J1 1K 64 MFT, RTI 14i/o I 20 DIP-P
20 SOIC-DW
MC68HCO05J1A 1K 64 MFT, RTI 14i/o » KBI (4 pins) 20 DIP-P
4 High Current 20 SOIC-DW
Pins (8 mA sink)
Mask Option
Pulldowns (14
pins)
XC68HC05J3 2K 128 16-bit: 14ilo - 14 High Current 20 DIP-P
(11C, 10C) Pins (8 mA sink) | 20 SOIC-DW
MFT, RTI KBI (4 pins)
XCB8HCO5K0 0.5K 32 MFT, RTI 10i/0 » 4 High Current 16 DIP-P
Pins (8 mA sink) | 16 SOIC-DW
Programmable
Pulldowns
(10 pins)
XC88HCO5K1 0.5K 32 MFT, RTI 10i/o 4 4 High Current 16 DIP-P
Pins (8 mA sink) | 16 SOIC-DW
PEP (64 bits)
Programmable
Pulldowns
(10 pins)
XC68HCO5L1 4K 128 16-bit: 6ch 64 17 ilo 56 SDIP-B
(2IC, 20C) (8-bit) Segment [ 15 64 QFP-FU
LCD 20
(3/4 x
12/16)
XC68HCO05L2 2K 96 16-bit: 12c 1ch 45 13i/o » Programmable 42 SDIP-B
(11C, 10C) (8-bit) Segment Pullups (13 pins)
MFT, RTI LCD:
(3x15)
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Table 1. 68HCO05 General-Purpose Microcontrollers (continued)

Part ROM RAM | EEPROM Display
Number (Bytes) | (Bytes) | Bytes Timer Serial | AD PWM Drive [/[e} CcopP COmments Package
XC68HCO5L4 8K 224 2 x 16-bit: 96 24ilo I KBI (8 pins) 64 QFP-FU
(11C, 10C) Segment 8i Programmable
MFT, RTI LCD: Pullups (8 pins)
(2/3/4 x
24)
MC68HCO5L5 8K 256 16-bit: SIoP 156 14ilo KBI (8 pins), 80 QFP-FU
(11C, 10C) Segment 10i Dual Oscillators
RTI LCD: 150 8 High Current
8-bit: (1-4 x Pins (10 mA
(11C, 10C) 27-39) sink)
Programmable
Pullups (24
pins)
Open Drain (31
pins), 2.2V
XC68HCO5L6 6K 176 16-bit: SPI 96 24ilo Tone Generator | 68 PLCC-FN
(11C, 10C) Segment
LCD:
(3/4x
24)
MC88HCO5L7 6K 176 16-bit: SCI 960 15ilo Mux EBI (13-bit 128 QFP-FT
(11C, 10C) Segment Address), Diw
RTC LCD: 32 kHz PLL, KBI
(8/16 x (8 pins),
60) LVI Tone
Generator
MC68HCO05L9 6K 176 16-bit: SClI 640 27 ilo Mux EBI (16-bit 128 QFP-FT
(11C, 10C) Segment 2i Address Die
RTC LCD: 32 kHz Pll, KBI
(8/16 x (8 pins),
40) LVI Expand LCD
to 3K Segments
Ww/68HC68LI,
Tone Generator
MC68HCO05L.10 13K 352 16-bit: SPIi 5K-20K | 28ilo Mux EBI w/MMU | 128 QFP-FT
(11C,10C) | SCI Pixel 20 bit Address) Die
RTC LCD: 4 Chip Selects,
(2to 4 KBI (8 pins)
chip set) Tone Generator/
DTMF,
32 kHz PLL,
LCD Expansion
2/MC141511
XC68HCO5L11 3K 448 16-bit: SPIl Upto 38ilo Mux EBI w/MMU | 100 QFP-FU
(11c, 10C) | scl 40K (23-bit Address)
RTC Pixel 4 Chip Selects,
LCD KBI (8 pins)
(3 Chip Tone Generator/
set) DTMF, 32 kHz
PLL
MC68HCO05L12 8K 256 16-bit: SSPI 128 15i/0 » | KBI (8 pins), 64 QFP-FU
(11C, 10C) Segment 8i Remote Control,
RTI LCD: 10 Dual Oscillators,
(3x33 Buzzer Output,
or4x Programmable
32) Pullups (16 pins)
Open Drain (20
pins, 2.2V
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Table 1. 68HCO05 General-Purpose Microcontrollers (continued)

Part ROM RAM | EEPROM Display
Number (Bytes) | (Bytes) Bytes Timer Serial | A/D PWM Drive [[e} cor COmments Package
MC68HCO05L16 18K 512 16-bit: Slop 156 16i/o v KEBI (8 pins), 80 QFP-FU
(11C, 10C) Segment 8i Dual Oscillators
RTI LCD: 150 8 High Current
8-bit: (1-4 x Pins (10 mA
(11C, 10C) 27-39) sink)
Programmable
Pullups (24 pins)
Open-Drain (31
pins), 2.2V
Operation
XC68HC05M4 4K 128 16-bit: 6c¢ch VFD 32ilo > 5V Only 52 PLCC-FN
(11C, 10C) (8-bit) (24 8i
8-bit lines)
Modulo
XC68HCO05M6 6K 208 16-bit: VFD: 7ilo I KBI (5 pins) 64 QFP-FU
(11C, 10C) Grid 500 5V Only 68 PLCC-FN
MFT, RTI Drive
(12 bits)
Anode
Drive
(38 bits)
MC68HCO05P1 2K 128 16-bit: 20i/o 68HSCO5P1 28 DIP-P
(11C, 10C) 1i High Speed 28 SOIC-DW
Version
XC68HCO5P1A 2K 128 16-bit: 20i/o - KBI (8 pins) 28 DIP-P
(11c, 10C) 1i Mask Option 28 SOIC-DW
Pullups (8 pins)
2 High Current
Pins (20 mA)
MC68HC05P2 3K 96 MFT, RTI 12c 22 /o » 12C (Slave Only) | 32 QFP-FB
XC68HCO5P3 3K 128 128 16-bit: 22 ilo I KBI (6 pins) 28 DIP-P
(11C, 10C) On-Chip Charge -| 28 SOIC-DW
MFT, RTI Pump
MC68HC05P4 4K 176 16-bit: SIoP 20i/o v 28 DIP-P
(11C, 10C) 1i 28 SOIC-DW
MC68HC05P5 3K 128 16-bit: 2c¢ch 15i/0 » On-Chip Analog | 28 SOIC-DW
(11C, 10C) (8-bit) 3i Comparator
30 Mask Option
Pullups (15 pins)
MCB8HC05P6 4K 176 16-bit: SIoP 4ch 20ilo v 28 DIP-P
(11C, 10C) (8-bit) 1i 28 SOIC-DW
MC68HC05P7 2K 128 16-bit: SIoP 20 ilo v 28 DIP-P
(11C, 10C) 1i 28 SOIC-DW
MC68HC05P8 2K 112 32 MFI, RTI 4ch 16i/0 » LVPI Option on 28 DIP-P
(8-bit) 4i EEPROM 28 SOIC-DW
On-Chip Charge
Pump
MC68HCO05P9 2K 128 16-bit: SIoP 4ch 20 i/o I 28 DIP-P
(11C, 10C) (8-bit) 1i 28 SOIC-DW
XC68HCO05P10 2K 128 16-bit: SIOP 20i/o I Mask Option 28 DIP-P
) (11C, 10C) 1 Puliups (12 pins) | 28 SOIC-DW
8 High Current
Pins (15 mA
sink)
XC68HO5P15 3K 128 16-bit: 2c¢ch 15i/o » PEP (64 bytes) 28 SOIC-DW
(11C, 10C) (8-or 3i On-Chip Analog
16-bit) 10 Comparator
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Table 1. 68HC05 General-Purpose Microcontroliers (continued)

Part ROM | RAM | EEPROM Display
Number (Bytes) | (Bytes) Bytes Timer Serial | A/D PWM Drive Vo cor COmments Package

XC68HCOSPEQ 2K 128 16-bit: 20ilo » 1 High Current 28 DIP-P
(11C, 10C) Pin (20 mA sink) | 28 SOIC-DW
PEP (64 bits),
KBI (8 pins)
Mask Option
Pulldowns

(8 pins)

RC Oscillator
Option

XC68HCO05SC11 6K 128 5ilo Security Die
Features 16 DIP-P
Smart Card 20 SOIC-DW
Applications
5V Only

XC68HC05SC21 6K 128 3K 5ilo Security Die
Features 16 DIP-P
On-Chip Charge | 20 SOIC-DW
Pump
Smart Card
Applications
5V Only

XC68HC055C24 3K 128 1K 5ilo Security Die
Features 16 DIP-P
On-Chip Charge | 20 SOIC-DW
Pump
Smart Card
Applications
5V Only

XC68HC05SC27 186K 240 3K 5ilo Security Die
Features 16 DIP-P
On-Chip Charge | 20 SOIC-DW
Pump

Smart Card
Applications
5V Only

MC68HCO05T1 8K 320 16-bit: Slop 1ch 9ch 0sb 29i/o » Open Drain 40 DIP-P
(11C, 10C) (6-bit) | (6-bit) | (64 Char 1i PWM Outputs 42 SDIP-B
ROM) 5V Only

XCB8HCO5T2 15K 320 16bit: | SIOP | 1ch | 9ch osb | 29i0 | » |OpenDrain 40 DIP-P
(11C, 10C) (6-bit) | (6-bit) | (64Char | 1i PWM Outputs 42 SDIP-B
ROM) 5V Only 44 PLCC-FN

XC68HCO5T3 24K 512 16-bit: SIoP 1ch 9ch 0osD 29ilo I Open Drain 40 DIP-P
(11C, 10C) (6-bit) | (6-bit) (12 1i PWM Outputs
Char 5V Only

ROM)

XC68HCO05T4 5K 96 16-bit: 1ch 5c¢ch 0osD 16i/o v Open Drain 42 SDIP-B

(11C, 10C) (4-bit) | (6-bit) | (64Char [ 1i PWM Outputs

8-bit Pulse ROM) 5V Only
Accum.

MC68HCO5T7 8K 320 16-bit: 2c | 1ch | 8en osD | 20ilo Open Drain 56 SDIP-B

(11C, 10C) (8-bit) | (6-bit) | (64Char | 4i PWM Outputs
RTC 1ich | ROM) KBI (8 pins)

(14-bit) 5V Only

MC68HCO5T10 12K 320 16-bit: 2c | 1ch | 8ch ospD | 20i0 Open Drain 56 SDIP-B
(11C, 10C) (8-bit) | (6-bity | (64 Char | 4i PWM Outputs
RTC 1ch | ROM) KBI (8 pins)
(14-bit) 5V Only
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Table 1. 68HCO05 General-Purpose Microcontroliers (continued)

Part ROM RAM | EEPROM Display
Number {Bytes) | (Bytes) | Bytes Timer Serial | AD PWM Drive o cop COmments Package
XC68HC05T12 8K 320 | 16-bit: 2c 1ch 8ch [013]»] 32i/o 12 Open Drain 56 SDIP-B
: (1iC, 10C) (4-bit) | (7-bit) | (64 Char 4i Outputs
8-bit Puise 1ch ROM) KBI (8 pins)
Accum. (14-bit) 5V Only
XC68HC05X4 4K 176 16-bit: 16i/o » CAN (Controller | 28 SOIC-DW
' (11C, 10C) Area Network)
MFT, RT| KBI (16 pins)
XC68HC05X16 15K 352 255 16-bit: SCI 8¢ch 2ch 32ilo V- CAN (Controller 64 QFP-FU
(2IC, 20C) (8-bit) | (8-bit) Area Network) 68 PLCC-FN
KBI (8 pins)
EEPROM Write
Protect
On-Chip Charge
Pump

ONE-TIME PROGRAMMABLE (OTP) / EMULATOR MCUs

All 68HC705 products have a standard operating voltage range from 3 V to 5.5 V unless noted in Comments.
All 68HC705 products have a standard operating temperature range from 0-70°C. Contact a Motorola Sales Office for availability of
extended temperature versions.

Table 2. MC68HCO05 One-Time Programmable/Emulator Microcontrollers

Part EROM RAM : | EEPROM Display
Number (Bytes) | (Bytes) | (Bytes) Timer |Serial | A/D | PWM Drive 7o coP Ci Packag

MC68HC705B5 6K 176 16-bit: SCI 8c¢h 2ch 24ilo v | Programmable 56 SDIP -B
[elle (8-bit) | (8-bit) 8i Pulldowns 52 PLCC - FN
20C) 20 (16 pins)

EPROM Write
Protect

MC68HC705B16 15K 352 255 16-bit: SCI 8ch 2¢h 32ilo » | On-Chip Charge 52 PLCC - FN
(2ic, (8-bit) | (6-bit) 20 Pump
20C) EEPROM Write

Protected
KBI (8 pins)

XC68HC705C5 5K 176 128 16-bit: Slop 32i/o v | 8 High Current 40 DIP - P
(11c, Pins (10 mA *40 Cerdip - S
10C) sink) 44 PLCC - FN

LVP! for
EEPROM
On-Chip Charge
Pump

MC68HC705C8 8K 304 16-bit: SPI 28ilo I High Speed 40DIP-P
(11C, SCI 3i Option 44 PLCC-FN
10C) (HSC705C8) 428DIP-B

44 QFP - FB
*40 Cerdip - S
*44 Cerquad-FS

XC68HC705C8A 8K 304 18-bit: SPI 28ilo » | Mask Option 40DIP-P
(1c, SCI 3i Register Pullups 44 PLCC - FN
10C) (8 pins) *40 Cerdip - S

1 KBI (8 pins)
1 High Current
Pin (20 mA sink)

XC88HC705C9 16K 352 16-bit: SPI 27ilo » 40DIP-P
(e, SCI 3i *40 Cerquad-FS
10C) 1o 44 PLCC -FN

XC688HC705D9 16K 352 16-bit: SCI 5c¢ch 27 ilo »~ | 8 High Current 40DIP-P
(11C, (6-bit) 3i Pins (256 mA *40 Cerquad-FS
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Table 2. MC68HC05 One-Time Programmable/Emulator Microcontroliers (continued)

Part EROM | RAM | EEPROM Display )
Number (Bytes) | (Bytes) | (Bytes) Timer | Serial | A/D | PWM Drive vo |cop [~ Packag
10C) 1o sink) 44 PLCC-FN
30 kHz PWM

MC68HC705E1 4K 368 MFT, 20i/o | » |32kHzPLL *28 Cerdip - S

RTC Clock 28DIP-P
RTI Synthesizer 28 SOIC - DW

XC68HC705E24 24K 352 320 16-bit: 2c | 2¢h 47il0 | »» |32kHzPLL 64 QFP - FU
(2'C, (8-bit) 2i Clock
20C) Synthesizer
MFT LV1, On Chip

Charge Pump
KBI (8 pins)

XC68HC705F4 8K 256 256 16-bit: 32ilo | » | KBI(8pins) 44 QFP -FB
(2Ic, DTMF 28 SOIC - DW
20C) Generator 28DIP-P
MFT, LVI, On-Chip *44 Cerquad-FS

RTI Charge Pump 44 PLCC -FN
On-Chip OSC (2
selectable Freq.)

XC68HC705F6 4K 320 16-bit: SPI 26ilo DTMF 42SDIP-B
(11c, 4i Generator *42 Cersdip - K
10C) 8 High Current 64 QFP - FU

Pins (10 mA *64 CQFP - FZ
sink)
KBI (6 pins)

XC68HC705F8 8K 320 16-bit: SPI 50i/0 | » |DTMF 64 QFP - FU
(11c, 20 Generator *64 CQFP - FZ
10C) KB (8 pins)
16-bit: 8 High Current
auto Pins (10 mA

sink)
Manchester
Encoder/
Decoder

MC88HC705G1 12K 176 16-bit: SPI | 4ch 40i/0 | » |32kHzPLL 56 SDIP - B
(e, (8-bit) 8i 64 QFP - FU
10C)

RTC

MC68HC705G4 32K 1024 16-bit: | Duall | 8ch | 4ch 48i/o | 1 | KBI (8 pins) 80 QFP - FU
(ic, SPI | (8-bit) | (8-bit) 16i Dual IRQ *80 CQFP - FZ
10C) 40 Dual Oscillators
8-bit: Selectable Clock
Event
Cntr

XC68HC705G9 12K 304 MFT, PIO | 8ch | 4ch 40i/0 | » | Power 160 QFP - FT
RTC 2SI0 | (8-bit) | (8-bit) 24i Management *160 CQFP - FZ

IDE Interface
KBI (8 pins)
Keyboard
Controller

32 kHz PLL,
Host Address
Decoder

4 Programmable
Chip Selects
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Table 2. MC68HC05 One-Time Programmable/Emulator Microcontrollers (continued)

Part EROM | RAM | EEPROM Display
Number (Bytes) | (Bytes) | (Bytes) Timer | Serial | A/D | PWM Drive Yo | copP Ci Packages
XC68HC705G10 12K 304 MFT, Sch | 4ch ' 39i/0 | » | KBI(8pins), 100 QFP - FU
RTC (8-bit) | (8-bit) 23i KBI (8 pins), *100 CQFP - FZ
Keyboard
Controller
4 Programmable
Chip Selects
32 kHz PLL,
Host Address
Decoder
100 Pin Version
of G9, Power
Management
XC68HC705H2 2K 128 MFT, SIOP 2¢ch 16il0 | »» |4LDMOS 40DIP-P
RTI (8-bit) Power Output 44 PLCC - FN
Drivers 42 SDIP-B
w/Switch, Driver,
and H-Bridge
Modes
4 Voltage
Comparators
XC68HC70518 8K 224 16-bit: | Duall 42ilo | »~ |68000 Interface 64 QFP - FU
(2Ic, SCI Module 68 PLCC - FN
20C) Receiver *68 Cerquad-FS
RTI ‘Wake-up
MC68HC705J2 2K 112 . MFT, 14ilo | » 20DIP -P
RTI 20 SOIC - DW
*20 Cerdip - S
XC68HC705J3 2K 128 16-bit: 14i/0 | »» |14 High Current 20 SOIC - DW
(11C, Pins (8 mA sink)
10C) KBI (4 pins)
MFT
RTI
XC68HC705K1 0.5K 32 MFT, 10i/l0 | »~ |4 High Current 16DIP - P
RTI Pins (8 mA sink) | 16 SOIC - DW
PEP (64 bits) *16 Cerdip - S
Programmable
Pulidowns
(10 pins)
XC68HC705L1 6K 128 16-bit: 6ch 64 17ilo 56 SDIP-B
. (2ic, (8-bit) Segment 15i ) 64 QFP - FU
20C) LCD: 20 *64 CQFP - FZ
(3/4x . *56 Cersdip - K
12/16)
XC68HC705L2 2K 96 16-bit: 12c 1ch 45 13ilo | » | Programmable 42 SDIP-B
(11C, (8-bit) Segment Pullups (13 pins)
10C) LCD:
MFT, (3x15)
RTI
MC68HC705L5 8K 256 16-bit: | SIOP 156 14ilo | KBI (8 pins), 80 QFP - FU
(e, Segment 10i Dual Oscillators *80 CQFP -FZ
10C) LCD: 150 8 High Current
RTI (1-4x Pins (10 mA
8-bit: 27-39) sink)
(e, Programmable
10C) Pullups (24 pins)
Open Drain
(31 pins)
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Table 2. MC68HCO05 One-Time Programmable/Emulator Microcontrollers (continued)

Part EROM RAM EEPROM Display
Number (Bytes) | (Bytes) | (Bytes) Timer | Serial | A/D | PWM Drive [[e} corP C Pack

MC68HC705L13 16K 512 16-bit: SSPI 128 23ilo - KBI (8 pins), 64 QFP - FU
(1c, Segment 8i Remote Control *64 CQFP - FZ
10C) LCD: 10 Generator

RTI (3x330r Dual Oscillators
4x32) Buzzer Output
Programmable
Pullups (24 pins)
Open Drain
(31 pins)

MC68HC705L16 16K 512 16-bit: SIOoP 156 16i/o - KBI (8 pins), 80 QFP - FU
(11C, Segment 8i Dual Oscillators *80 CQFP - FZ
10C) LCD: 150 8 High Current

RTI (1-4x Pins (10 ma
8-bit: 27-39) sink)
(11C, Programmable
10C) Pullups (24 pins)
Open Drain
(31 pins)

XC68HC705P6 4K 176 16-bit: SIOP | 4ch 20i/o » 28DIP-P
(1lc, (8-bit) 1i 28 SOIC - DW
10C) *28 Cerdip - S

XC68HC705P9 2K 128 16-bit: SIOP | 4ch 20i/o » 28DIP-P
(11c, (8-bit) 1i 28 SOIC - DW
10C) *28 Cerdip - S

XC68HC705T3 24K 512 16-bit: SIOP | 1ch 9ch 0osD 29i/o »* | Open Drain 40DIP-P
{lic, (6-bit) | (6-bit) | (112 Char 19 PWM Outputs
10C) EPROM) 5V Only
RTI

XC68HC705T4 6K 96 16-bit: 1ch 5ch 0OsD 16i/o0 » | Open Drain 42 SDIP-B
(1ic, (a-bit) | (6-bit) | (64 Char 1i PWM Outputs *42 Cersdip - K
10C) EPROM) 5V Only
8-bit
Pulse

Accum.

XC68HC705T10 12K 320 16-bit: 12c 1ch 8ch 0OsD 20i/o Open Drain 56 SDIP - B
(11C, (8 bit) | (6-bit) | (64 char 4i PWM Outputs *56 Cersdip - K
10C) 1ch | EPROM) KBI (8 pins)

RTC (14 5V Only
bit)

XCB68HC705T12 8K 320 16-bit: 12c 1ch 8c¢ch 0sD 32i/o 12 Open Drain 56 DIP - P
(1ic, (4bity | (7bit) | (64 Char 4i Outputs *56 Cersdip - K
10C) 1¢ch ROM) KBI (8 pins)
8-bit (14 5V Only
Pulse bit)

Accum

XC68HC705X4 4K 176 16-bit: 16i/o »~ | CAN (Controller 28 8OIC - bW
(11c, Area Network)
10C) KBI (16 pins)

MFT,
RTI

MC68HC705X16 15K 352 255 16-bit: SClI 8c¢ch 2ch 32 »~ | CAN (Controller 64 QFP - FU
(21C, (8-bit) | (6-bit) Area Network) 68 PLCC - FN
200) KBI (8 pins), *68 Cerquad-FS

On-Chip Charge
Pump

EEPROM Write
Protect

* Windowed packages available only in sample quantities.
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Definitions for Tables 1 and 2
General Definitions

Memory Management Unit

CAN Controller Area Network MMU
CCTV Closed Caption Television o Output Only Port Pins
COP Computer Operating Properly (Watch Dog Timer) ocC Output Compare
DTMF Dual-Tone Multi-Frequency 0OSsD On-Screen Display
EBI External Bus Interface PIO Paralle! Input Output (IBM PC/AT Type)
IC Input Capture PLL Phase-Lock Loop
12c Inter-Intergrated Circuit PWM Pulse-Width Modulation
IDE Integrated Device Electronics (IBM PC/AT Type) RTC Real-Time Clock
ilo Bidirectional Input and Output Port Pins RTI Real-Time Interrupt
i Input Only Port Pins SCI Serial Communications Interface
KBl Key Board Interrupt SIO Serial Input Output (IBM PC/AT Type)
LCD Liquid Crystal Display SIoP Simple Serial /O Port
[RY] Low-Voltage Interrupt SPI Serial Peripheral Interface
LVPI Low Voltage Program Inhibit SSPI Simple Serial Peripheral Interface
LVR Low Voltage Reset VFD Vacuum Flourescent Display
MDLC Message Data Link Controller WDOG Watch Dog Timer
MFT Multi Function Timer
Definitions for Tables 1 and 2
Package Definitions

B Shrink Dual-in-Line Plastic

Dw Small Outline (Wide-Body SOIC)

FA 7 x 7 mm Quad Flat Pack (QFP)

FB 10 x 10 mm Qud Flat Pack (QFP)

FN Plastic Quad (PLCC)

FS Cerquad (windowed) — Samples Only

FT 28 x 28 mm Quad Flat Pack (QFP)

FU 14 x 14 mm Quad Flat Pack (QFP)

FZ CQFP (windowed) — Samples Only

K Cersdip (windowed) — Samples Only

L Ceramic Sidebraze

P Dual-in-Line Plastic

S Cerdip (windowed) — Samples Only
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M68HCO08 Family -

The M68HCO08 Family offers a unique combination of
. ‘ SERIAL
high-speed, [qw—powgr, enhan_ced processing performance ROM/EPROM PERIPHERAL
for cost-sensitive 8-bit applications. Full upward object code INTERFACE
compatibility with the world’s leading 8-bit microcontroller
allows current MBBHCO5 users to leverage their resource and
time investment. M68HC08 modular design utilizes a growing

library of on-chip peripherals. Future family members will <: :>

integrate special technologies like fuzzy logic and DSP for
embedded control applications.
SERIAL
Features RAM COMMUNICATIONS
e Architecturally enhanced 8-bit CPU INTERFACE
e 8 MHz bus speed yields 125ns minimum instruction cycle
¢ 16-bit stack with stack pointer operations and
addressing modes

o 16-bit index register
e 78 new instructions including advanced looping control <: :>
+ Eight new addressing modes
e Fully upward object code compatible with the M68HC05 TIMING
and M6805 families INTERFACE
o Direct Memory Access module CPUOS MODULE
e Memory-to-memory transfer
¢ Peripheral-to-memory and memory-to-peripheral transfer
* Timing Interface Module
o Four independently programmable channels :>
e Input capture, output compare, buffered and unbuffered
PWM configurations A DIRECT
o Interface modules MEMORY
¢ Serial Communications Interface (UART) v ACCESS
e Serial Peripheral Interface CLOCK SYSTEM MODULE
o System Control Modules GENERATOR CONTROL
e Low voltage inhibit, PLL, COP, and System MODULE MODULE
Integration Module B

OTP versions of M6BHCO08 devices will be available
mid 1994.
ROM versions available in the end of 1994.

Figure 5. Block Diagram of Typical M68HC08 MCU
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M68HC11 Family

The M68HC11 Family incorporates a flexible central
processing unit and a large number of control-oriented
on—chip peripherals. M68HC11 MCU are upward code
compatible with M6800, M6801, and M68HCO5 software.

Central Processing Unit

The M68HC11 CPU is optimized for low power
consumption and- high—-performance operation at bus
frequencies up to 4 MHz. Key features include:

o Two 8-bit or one 16-bit accumulator

» Two 16-bit index registers

o Powerful bit-manipulation instructions

o Six powerful addressing modes

o Immediate, Extended, Direct, Indexed, Inherent, and

Relative
Power saving STOP and WAIT modes
Memory mapped I/O and special functions
16x16 Integer and Fractional Divides
8x8 Multiply

Timer

M68HC11 timer architecture is based on a 16-bit free
running counter driven through a software-programmable
prescaler. Features include multiple Input Captures, Output
Compares, Real-Time Interrupt, Pulse Accumulator, and
Watchdog functions.

On-Chip Memory

Since its introduction, the M68HC11 Family has provided
versatile combinations of popular memory technologies,
including the first EEPROM on a CMOS microcontroller. The
family has a memory option to fit virtually any application.
¢ ROM sizes range from 0 to 32K bytes. ROM is typically

factory programmed to contain custom software.

ROMless versions of most M68HC11 Family members

are also available.

o RAM sizes range from 192 bytes to 1.25K bytes.
M68HC 11 RAM utilizes a fully static design, and all
devices feature a standby power supply pin for battery
back-up of RAM contents.

o EPROM sizes range from 4K to 32K bytes. EPROM is
especially suited to prototype development and small
production runs. EPROM versions are available in both
windowed and OTP packaging.

o EEPROM sizes range from 0 to 2K bytes. EEPROM is
ideal for storage of calibration, diagnostic, data logging,
and security information. Each M68HC11 device with
EEPROM includes an on—chip charge pump to facilitate
single—supply programming and erasing.

Digital-to—Analog Conversion

The M68HC11 Family provides powerful, on-chip,
multi-channel A/D converter systems. Multi—conversion and
multi-channel options allow single or continuous conversion
on single or multiple channels. M68HC11 A/D systems have

eightinput channels, and most offer 8-bit resolution, although
some provide 10-bit resolution. A 2 channel, 8-bit D/A is also
available.

Pulse-Width Modulation

Some M68HC 11 Family members have up to six channels
of 8-bit PWM. At a 4 MHz bus frequency, signals can be
produced from 40 KHz to less than 10 Hz. PWM signals with
a period greater than one minute are possible in the 16-bit
mode.

Serial Communication

All members of the M68HC11 Family include a Serial
Peripheral Interface (SPI) and a Serial Communications
Interface (SCI). These on—chip peripherals are designed to
minimize CPU intervention during data transfer.

The SCl is a full duplex UART-type asynchronous
system that uses standard Non—Return-to—Zero (NRZ)
data format. An on—chip Baud rate generator derives
standard rates from the microcontroller oscillator. Both
transmitter and receiver are double buffered.

The SPi is a four-wire synchronous communications
interface used for high-speed communication with
specialized peripheral devices and other microcontrollers.
Data is transmitted and received simultaneously; the
Baud rate is software programmable.

Digital VO and Special Functions

M68HC 11 Family I/O is extremely flexible, allowing pins to
be configured to match application requirements. Most 1/O
lines are controlled by bits in a Data Direction Register (DDR)
which can configure pins for either input or output. Most lines
have a dedicated port data latch.

Some M68HC11 Family members include a 4—channel
Direct Memory Access (DMA) and a Memory Management
Unit (MMU). The DMA provides fast data transfer between
memories and registers, and includes externally mapped
memory in the expanded mode. The MMU allows up to 1
megabyte of address space in a physical 64 kbyte allocation.
Integrated chip selects help to reduce glue logic.

Several members of the M68HC11 Family also include
programmable chip select circuits. These circuits can be used
to enable external peripherals whenever an access to a
predefined block of memory addresses is made. These
circuits help to reduce external logic requirements.

Math Coprocessor

New M68HC11 Family members offer a 16-bit on—chip
math coprocessor that accelerates multiply and divide
operations by as much as 10 times. The coprocessor
functions independently of the CPU and requires no special
instructions. The coprocessor is well-suited to low-bandwidth
DSP functions such as closed loop control, servo positioning,
and signal conditioning.
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Figure 6. MC68HC11A8 Block Diagram
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Figure 7. MC68HC11E9 Block Diagram
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Figure 8. MC68HC711N4 Block Diagram

Single-Chip Microcontrollers (MCU)

2.5-22

Motorola Master Selection Guide Rev 7



Table 3. M68HC11 Family Microcontrollers

Part
Number EPROM | RAM | EEPROM Timer /O | Serial | A/D | PWM | Package Comments
16-Bit— 3 IC, Pl sch 52-FN | 64K External Address Bus,
MC68HC11A0 - 256 - 50C, RTI, WDOG | 22 SC; B—B" - 64-FU | 68HC24 PRU, 3.0 V Version
Pulse Accumulator it 48-P Available
16-Bit—31C, - SPI sch 52-FN - | 64K External Address Bus,
MC68HC11A1 - 256 512 50C, RTI, WDOG | 22 S CIY B-B"; - 64-FU | 68HC24 PRU, 3.0 V Version
Pulse Accumulator . ! 48~-P Available
16-Bit-31C, sPI Ch 52-FN | 3 MHz Version Available, 64K
MC68HC11A7 8K 256 - 5 OC, RTI, WDOG, | 38 S CIY g BA{ - 64-FU External Address Bus, 68HC24
Pulse Accumulator . 48-P PRU, 3.0 V Version Available
16-Bit—3'1C 3 MHz Version Available, Low
- ! SPI, | 8Ch, 52-FN Voltage Version (3.0-5.5V) at 2 MHz,
MCG8HC11A8 8K [ 256 | 512 [5OC,RTLWDOG, | 38 | oo |ggy | - 48-P | 64KExternal Address Bus, 68HC24
Pulse Accumulator
PRU
16-Bit—3/4 IC,
4/5 OC, RTI, SPI, | 4Ch, | 2Ch, 68-FN | 256K Externed Memory,
XCBBHCT1C0 - 26 | 512 WDOG, 3 | sci |e-nit | 8-it | 64-FU. |6 Chip Selects
Pulse Accumulator
16-Bit—3/4 IC, 44-FB
4/5 OC, RTI, SPI, . 64K External Address Bus,
MCE8HC11D0 - 192 - WDOG, Wl sel | | 7| 4R fesrcer PRU, 3.0V Version Availabe
Pulse Accumulator
16-Bit-3/4IC, . 44-FB 3 MHz Version Available, Low
4/5 OC, RTI, SPI, Voltage Version (3.0-5.5V) at 2 MHz,
MCBBHC11D3 K re - WDOG, % 1 sci [ 7 | 7| 4PN 6ak Extemal Adoress Bus, 68HC27
Pulse Accumulator - PRU
16-Bit—3/4IC,
450G, RTI sPI 44-FB
MC68HC11EDO - 512 - (A 30 ; - - 44-FN Pin Compatible with 68HC11D3
WDOG, SCI 40-P
Pulse Accumulator -
13758 :‘)6 3/%:0' 2 | spi, 64K External Address Bus,
MC68HC11E0 - 512 - WDOG, sci | e-Bit 8Ch, - 52-FN isH?i? PRU, 3.0 V Version
Pulse Accumulator vallable
p s | scn soFn | 64K Extemal Address Bus,
MC68HCT11E1 - 512 512 T 22 N - - EEPROM Block Protect, 68HC24
WDOG, SCl | 8-Bit 64-FU PRU. 3.0 V Version Availabl
Pulse Accumulator T ersion Available
137582)6 3’/:?'_:0, 3 | spi 3 MHz Version Available,
MC68HC11E8 12K 512 - G . | 8Ch, - 52-FN | 64K External Address Bus,
WDOG, SCi | 8-Bit 3.0 V Version Availabl
Pulse Accumulator : . ersion Avallable
16-Bit—3/4IC, EEPROM Block Protect, 3 MHz
4/5 OC, RTI, SPI, | 8Ch, 52-FN | Version Available, Low Voltage
MCBBHC11E9 12K} 512 512 WDOG, 38| so |ewmit | 64-FU | Version (3.0-5.5V) at 2 MHz, 64K
Pulse Accumulator External Address Bus
16-Bit—3/41C, .
4/5 OC, RTI, SPI, | 8Ch, 52-FN
XC68HC11E20 20K 768 512 WDOG, 38 scl 8-Bit - 64-FU 3 MHz Mux Bus
Pulse Accumulator
1 it —
i?SB I(;CSQT:C’ sl 8Ch EEPROM Block Protect,
MC68HC811E2 - 256 2048 WDdG ! 38 SCI, B—Bii - 52-FN | 64K External Address Bus,
Pulse Accumulator 68HC24 PRU
. 16-Bit—3/41C, Programmable Chip Selects,
4/5 OC, RTI, SPI, | 8Ch, 68-FN | EEPROM Block Protect, 64K
MCE8HC11F1 - 1K 512 WDOG, 51 scl |esit| - 80-FU | External Address Bus, 68HC27 PRU,
Pulse Accumulator 4 MHz Non-Mux Address/Data Bus
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Table 3. M68HC11 Family Microcontrollers (continued)

Part
Number EPROM | RAM | EEPROM Timer I/0 | Serial | A/D. | PWM | Package Comments
16-Bit—3/4 IC,
4/5 OC, RTI, SPI, 8Ch, | 4Ch, 84-FN
FCg8HC1IGo - - 512 WDOG, 3 | sci |10-Bit | 8-Bit | so-FU
Pulse Accumulator
16-Bit-3/4IC,
4/5 OC, RTI, SPi, | 8Ch, | 4Ch, 84-FN
PCEBHC11G5 16K | 512 - WDOG, 8 | sci |10-sit | -8t | so-FU
Pulse Accumulator
16-Bit-3/4 IC,
4/5 OC, RTI, SPI, 8Ch, | 4Ch, 84-FN
PCBBHCTIG7 | 24K | 512 - WDOG, 6 | sci |1o-8it | 8-it | s0-FU
Pulse Accumulator
16-Bit - 3/4 IC,
4/5 OC, RTI, SPI, | 8Ch, | 4Ch, 84-FN
PCBBHC11J6 ek - 512 WDOG, 2 | sci | e-sit | 8Bt | so-FU
Pulse Accumulator
16-Bit—3/4 IC, 4 MHz Non—-Mux Address/Data Bus,
4/5 OC, RTI, SPI, | 8Ch,; | 4Ch, 84-FN | Chip Selects, Extended Memory
MCBBHC11KO - 768 - WDOG, 37 | sci | e-Bit | 8-Bit | 80-FU |Map, 68HC27 PRU, 3.0 V Version
Pulse Accumulator Available
16-Bit-3/4 IC,
4/50C, RTI, spl, | sch, | 4ch, 68-FN 4 MHz Non-Mux Address/Data Bus,

MC68HC11KAO - 768 - 26 scl 8-Bit | 8-Bit 64-FU Chip Selects, Extended Memory

WDOG,
Pulse Accumulator Map, 68HC27 PRU

4 MHz Non-MuxBus,Chip Selects,
SPI, 8Ch, | 4Ch, 84-FN EEPROM Block Protect, Extended
scl | s-Bit | 8-Bit | 80-FU | Memory Map, 68HC27 PRU,

3.0 V Version Available

16-Bit—3/4 IC,
MC68HC11K1 - 768 640 4/5 OC, RTILWDOG, | 37
Pulse Accumulator

4 MHz Non-Mux Address/Data Bus,

16-Bit—3/4 IC "
y SPI, 8Ch, | 4Ch, 68-FN | Chip Selects,EEPROM Block Protect,
MCEBHCTIKAT | - 768 | 640 | 450G RTIWWDOG, | 26 | oo | g gt | g-Bit | 64-FU | Extended Memory Map, 68HC27
Pulse Accumulator PRU
16~-Bit-3/4 IC, 4 MHz Non-Mux Address/Data Bus,
4/5 OC, RTI, SPI, 8Ch, | 4Ch, 84-FN Chip Selects, Extended Memory
MCeSHC1TKS | 24K | 768 - WDOG, 2 | soi | e-it | s-Bit [ so-Fu |Map,e8HC27 PRU, 3.0V Version
Pulse Accumulator Available
16-Bit—3/4 IC
! 4 MHz Non—Mux Address/Data Bus,
4/5 OC, RTI, SPI, | 8Ch, | 4Ch, | 68-FN " '
MC68HC11KA3 24K 768 - WDOG, 51 scl 8-Bit | 8-Bit 64-FU Chip Selects, Extended Memory

Pulse Accumulator Map, 68HC27 PRU

4 MHz Non-Mux Bus, Low Voltage

16-Bit - 3/4 IC,
! Version (3.0-5.5V) at 3 MHz, Chip
MosBHC1IKe | 24k | 768 | 640 #8OC Tl | oo | SPL | 8Ch | 4Ch | B&FN | oo o0 "FEPROM Block Protect,
WDOG, SCI | &-Bit | 8-Bit | 80FU | £y1onded Memory Map, 68HC27
Pulse Accumulator ry Map,
PRU
16-Bit— 3/4 IC,
! 4 MHz Non—Mux Address/Data Bus,
4/5 OC, RTI, SPI, 8Ch, | 4Ch, 68-FN N '
MC68HC11KA4 24K 768 640 WDOG, 51 scl 8-Bit | 8-Bit 64-FU Shl;: zalects, EEPROM Block
' Pulse Accumulator rote
16-Bit-3/4 IC, sPI 8Ch 68-FN 64K External Address Bus,
MC68HC11L0 - 512 - 4/5 OC,RTI, WDOG, | 30 SCI' B—B'{ - 64:FU 68HC24 PRU, 3.0 V Version
Pulse Accumulator ! Available
: 64K External Address Bus,
16-Bit-3/4IC.
y SPI, 8Ch, 68-FN EEPROM Block Protect,
MCEBHC11LY - s12 ) 512 | 4BOGRTLWDOG, | 46 | sci | e-Bit | ~ | e4-FU |68HC24 PRU,3.0V Version
ulse Accumulator Available
o sPI, | 8ch, ge-FN | 84K Extenal Address Bus,
MC68HC11L5 16K 512 - WDOG, 46 scl 8-Bit - 64-FU i?l:“(;il:ePRU, 3.0 V Version

Pulse Accumulator
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Table 3. M68HC11 Family Microcontrollers (continued)

Part
Number EPROM | RAM | EEPROM Timer /O | Serial | A/D | PWM | Package Comments
16-Bit-3/4IC, 3 MHz Version Available, Low
4/5 OC, RTI, SPI, | 8Ch, 68-FN | Voltage Version (3.0-5.5V) at 2 MHz,
MOB8HC1ILS | 16K | 512 | 512 WDOG, 4% | soi | 8Bt | ~ | 64-FU |64KExtemal Address Bus, 68HC24
Pulse Accumulator PRU
16-Bit—3/41C, '
16-Bit Math Coprocessor,
4/5 OC, RTI, SPI, | 8Ch, | 4Ch, 84-FN
MC68HC11M2 32K 1.25K - WDOG, 62 2-s¢! | s-8it | s-Bit 80-FU 3 g:s hl\/lIoAn(;Ml:x IIEIlus,
Pulse Accumulator ontroller
16-Bit - 3/4 IC
! 12 16-Bit Math Coprocessor,
XCesHC1INe | 24k | 768 | 640 WBOCATL | g [ SPL | g | BCh | B4FN | Non-Mux Bus,
WDOG, SCI & Bit 8-Bit | 80-QFP 2 Ch 8-Bit D/A
Pulse Accumulator ! !
16-Bit-3/4IC,
4/5 OC, RTI, SPI, 8Ch, | 4Ch, 84-FN "
XC68HC11P2 32K 1K 640 WDOG, 62 3-s0! | a-Bit | 8-Bit 80-FU PLL Clock Option
Pulse Accumulator
Table 4. M68HC11 One-Time Programmable/Emulator Microcontrollers
Part
Number EPROM | RAM | EEPROM Timer /O | Serial | A/D | PWM | Package Comments
16-Bit-3/4IC, SPI 44-FB
PC68HC711D3 4K 192 - 4/5 OC, RTI, WDOG, | 32 S CI’ - - 44-FN 64K External Address Bus
Pulse Accumulator 40-P
16-Bit - 3/4 IC
. SPI 8 Ch 52-FN EEPROM Block Protect,
PC68HC711E9 12K 512 512 4/5 OC, RTI, WDOG, | 38 ’ ™ - !
Pulse Accumulator SCI 8-Bit 64-FU 64K External Address Bus
16-Bit-3/4IC, 52-FN
PCBBHCTI1E20 | 20K | 768 512 | 450, AT, WDOG, | 38 2:'3'; el - s2-Fs | EEPROM Dok rotecs
Pulse Accumulator g 64-FU xternal ress Bus
16-Bit—3/4 IC,
PosSHC71IGS | 16K | 512 - 4500, AT, WDOG, | 66 | S0 | BCh | 4Ch | 8N
Pulse Accumulator -5l ! -
16-Bit—3/4IC, sPI 68-FN
PC68HC711J6 16K 512 - 4/5 OC, RTI, WDOG, | 54 S CIY - - 68:FS 1 Chip Select
Pulse Accumulator
4 MHz Non-Mux Bus,
16-Bit-3/4 IC, 84-FN .
N SPI, 8Ch, 4Ch, EEPROM Block Protect, Chip
PC68HC711K4 24K 768 640 4;5 :f)C,ARTI, WE)OG, 62 scl 8-Bit 8-Bit gg:ﬁﬁ Selects, Extended
ulse Accumulator Memory Map
16-Bit - 3/4 IC, 68-FN
PCEBHC71ILG | 16K | 512 512 | 4/50C, AT, WDOG, | 46 z‘;’; g_%“: - se-Fs | E=PROM B‘f’i’(‘jgm‘eﬁ
Pulse Accumulator it 64-FU erna ress Bus
16-Bit-3/4 IC, SPI sch 84-FN 16-Bit Math Coprocessor,
PC68HC711M2 32K 1.25K - 4/5 OC, RTI, WDOG, | 62 S CI' B—B'{ - 84-FS 4 MHz Non-Mux Bus,
Pulse Accumulator g 80-FU 4 Ch DMA Controller
16-Bit—3/4 IC, 16-Bit Math Coprocessor,
PCEBHCT1ING | 24k | 768 640 | 4500 AT, WDOG, |62 | SFh [T2Ch ) 6CH TN | 4 Mz Non-Mux Bus,
Pulse Accumulator ! 2 Ch8-BitD/A
16-Bit—3/4 IC, 84-FN
XcesHC71IP2 | 32k | 1K 640 | a500,AT, W06, | 62 | 3T BS_CE;TQ a0 | saFs | PLLciook
Pulse Accumulator ! ! 88-FU
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Definitions for Tables 3 and 4

General Definitions Package Definitions

ADC Analog to Digital Converter Module FB 10x10 mm Quad Flat Pack (QFP)

AD Analog to Digital Converter FC Fine Pitch Plastic Quad Flat Pack (PQFP)
CPU16 16 bit Central Processing Unit FD Plastic Quad Flat Pack in Molded Carrier Ring
CPU32 32 bit Central Processing Unit FE Ceramic Quad Flat Pack (CQFP)

D/A Digital to Analog Converter ™M Molded Carrier Flat Pack (CQFP)

DMA Direct Memory Access FN Plastic Leaded Chip Carrier (PLCC)
GPT General-Purpose Timer FS Windowed Cerquad (Ceramic LCC)

ic Input Capture FT 28x28 mm Quad Flat Pack (QFP)

lic Inter~Integrated Circuit FU 14x14 mm Quad Flat Pack (QFP)

MCC! Multi-Channel Communication Interface FV 20x20 mm Quad Flat Pack (QFP)

PLL Phase Lock Loop L Ceramic '

ocC Output Capture P Dual-in-Line Plastic

POQ Preferred Order Quantity Multiple PB Thin Quad Flat Pack (TQFP) 10x10 mm
PWM Pulse Width Modulation PU Thin Quad Flat Pack (TQFP) 14x14 mm
QsMm Queued Serial Module PV Thin Quad Flat Pack (TQFP) 20x20mm
RPSCIM Reduced Pin Count SCIM S Cerdip (windowed or non-windowed)
RTC Real-Time Clock TH 16x16 mm Quad Flat Pack (QFP)

RTI Real-Time Interrupt

SCI Serial Communication Interface

SCIM Single Chip integration Module

SiM System Integration Module

SPI Serial Peripheral Interface

TPU Time Processing Unit

UART Universal Asynchronous Receiver/Transmitter

WDOG Watch Dog Timer
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M6800 Series Microprocessors and Peripherals

These devices are a testament to the staying power of reliably in automotive, industrial, and office equipment
Motorola microtechnology. The original MC6800 was applications for years. Each of these devices can be
Introduced in 1975, and is still in demand today. Quality combined with various peripherals to meet the requirements

M6801, M6804 and M6805 systems have been performing of a microcontroller design.

Table 5. M6801 and M6803 (HMOS)

Bus"
Part Speed,
Number ROM | RAM | EEPROM Timer Serial | A/D | /O | MHz | Package Comments
MC6801 2048 | 192 0 16 bit: 11C, 1 0OC sCl No |29 | 0.5-2.0 40P ‘
MC68701 0 128 2048 16 bit: 11C, 10C SCI No |29 | 0.5-2.0 40P
MC6803 0 192 0 16 bit: 11C, 1 OC SCl No | 13 [ 0520 40P
MC6801U4 | 4096 | 256 0 16 bit: 21C, 30C SCl No | 29 | 05-1.25 40P
MmCe8701U4 | 0 128 4096 16 bit: 21C, 30C SCI No | 29 | 05-1.25 40P
MC6803U4 0 256 0 16 bit: 21C, 30C SCl No | 13 | 05-1.25 40P

Table 6. 8—-Bit MPU/Peripherals

Device Pins Package Part Description Speed
MC68B00 40 P 8 Bit MPU, Addresses 64K Memory, 1 or 2 MHz Versions 2 MHz
MC6802: 40 P MC6800 + Int. Clock Oscillator; 128 Bytes RAM 1 MHz
MC68B09 40 P High Performance MPU, 10 Powerful Addressing Modes 2 MHz
MC68B0O9E 40 P MC6809 With External Clock Input for External Sync. 2 MHz
MC68B21 40 P Peripheral Interface Adapter 2 MHz
MC68B40 40 P Programmable Timer Module Contains 3 16-Bit Timers 2 MHz
MC6845 40 P CRT Ctrl, Refresh Memory Addressing; 2nd Source HD6845R 1MHz
MC68B50 40 P Asynchronous Communication Interface Adaptor 2 MHz
MC68HC24 40, 44 P, FN MC68HC11 Port Replacement (Expanded Mode) for A8, E9 2MHz
MC68HC27 46, 68 FU,FN Port Replacement for D3, K4, F1 2 MHz
MC68HCB34 40 P, FN 256 Byte Dual Port RAM, 6 Semaphore Registers 2 MHz
MC68B10 24 P 128 x 8 Random Access Memory 2 MHz
MC68B44 40 P Direct Memory Access Controller 2 MHz
MC68B488 40 P General Purpose Interface Adapter 2 MHz
MC68B52 24 P Synchronous Serial Data Adapter 2 MHz
MCe68B54 28 P Advanced Data Link Controller 2 MHz
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Table 7. M6805 (HMOS) Microprocessors

Bus EPROM or
Part . Speed, EEPROM
Number ROM | RAM | EEPROM Timer Serial | A/D | /O | MHz | Package Version Comments
McesosP2 | 1K | 64 0 8-Bit — | No |20 ]01-10 2283_":':;\1 705P3 LVI Option
MC6805P6 2K 64 0 8-Bit - No | 20 | 0.1-1.0 28-P 705P3 LVI Option
MCesosR2 | 2K | 64 0 8-Bit — |vYes |32 o110 | 2P 70sR3 | VI Option, Prog. Prescaler
44-FN Option
MC6805R3 4K 12 0 8-Bit - Yes | 32 | 0.1-1.0 4‘:0::;\‘ 705R3 7-Bit Prescaler, LVI Option
MC6805R6 4K 12 0 8-Bit, WDOG - Yes | 32 | 0.1-1.0 4‘:_0_—;\‘ 705R3 7-Bit Prescaler, LVI Option
MC6805S2 1K 64 0 16-Bit, 8-Bit SPI Yes | 16 | 0.1-1.0 28-P 70583 15-Bit Prescaler, LVI
2 8-Bit, .
MC6805S3 4K 104 0 16-Bit SPI Yes | 21 | 0.1-1.0 28-P 70583 1 Extra 8-Bit Timer
moesosU2 | 2k | 64 0 8-Bit - |No |32 |ot10]| 2P 705U3 LVI Option
44-FN
MC6805U3 4K 112 0 8-Bit - No | 382 | 0.1-1.0 410__':1 705U3 7-Bit Prescaler, LVI Option
Table 8. 8-Bit MPU/Peripherals
Device Pins Package Part Description
MC14618 24 P Real Time Clock, 50 Bytes RAM, Programmable Square Wave
MC146818A 24,28 P, FN Enhanced Version of the MC146818
MC146823 40, 44 P, FN Three 8-Bit Ports, Handshake Cantrol Logic
MC146805E2 40, 44 P, FN CMOS 8-Bit Microprocessor
MC68HC68L9 80 FU LCD Expansion to the MCO5L9
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Modular Microcontrollers

Modular microcontrollers are another of the innovations
that make Motorola a leader in single—chip control systems.
Modular controllers are built up from standard modules that
interface via a common intermodule bus (IMB). The modular
concept allows rapid design and manufacture of controllers
tailored for specific applications.

Intermodule Bus Peripherals

Each modular microcontroller incorporates a state—of-the
art pipelined CPU module, a sophisticated integration module,
and a number of special-purpose modules. The
rapidly—growing library of special-purpose modules includes
programmable timers, serial communication interfaces,
analog—to—digital converters, and a variety of memory
modules.

Central Processing Units

CPU16

16-Bit Architecture

Full Set of 16-Bit Instructions

Three 16-Bit Index Registers

Two 16-Bit Accumulators

One Megabyte of Program Memory and One Megabyte
of Data Memory

Source code compatible with the M68HC11 CPU
Control-Oriented Digital Signal Processing Capability
High-Level Language Support

Fast Interrupt Response Time

Fully Static Implementation

Low Power Stop Operation

Background Debugging Mode

Hardware Breakpoint Signal

CPU32

32-Bit Internal Data Path and Arithmetic Hardware
32-Bit Intemal Address Bus — 24-Bit External Address Bus
Eight 32-Bit General-Purpose Data Registers

Seven 32-Bit General-Purpose Address Registers
Separate User and Supervisor Stack Pointers and
Address Spaces

Separate Program and Data Address Spaces

Virtual Memory Implementation

Enhanced Addressing Modes

Object Code Compatible with M68000 Family
Improved Exception Handling for Controller Applications
Rich Instruction Set

Fully Static Implementation

Low Power Stop Operation

Background Debugging Mode

Hardware and Software Breakpoints

Trace on Change of Flow

Integration Modules
System Integration Module (SIM)

e Manages controller internal and external bus interfaces
¢ Provides device interrupt arbitration
e Spurious interrupt monitor

® © & o 0o o o 0 0 o o

* Twelve programmable chip—select outputs
¢ Watchdog timer, clock monitor, and bus monitor -
o PLL clock synthesizer

Single—Chip Integration Module (SCIM)

Manages controller internal and external bus interfaces
Provides device interrupt arbitration

Spurious interrupt monitor

Single—chip operation with address and data bus pins
configured as I/0 ports

Optional Fully or Partially—expanded bus operation
Nine general-purpose chip select outputs

Emulation mode chip—select outputs can be used to
address a port replacement unit and extemal emulation
RAM

Watchdog timer, clock monitor, and bus monitor

PLL clock synthesizer

Interrupt request inputs can be configured for edge or
level detection

o Reduced pin SCIM (RPSCIM) available with 5 chip selects

Timers

Time Processor Unit (TPU)
¢ On—chip microengine dedicated to high-speed timing tasks
« Two independent 16-bit counters used as basis for
timing tasks
o Real-time task scheduler
o Executes a programmed series of functions to perform
complex tasks
Each of 16 orthogonal channels can perform available
time functions
Functions contained in dedicated control store or in
MCU RAM
TPU communicates to CPU via dual port RAM

General Purpose Timer (GPT)

e Two 16-bit free—running counters

o Three input capture channels

o Four output compare channels

o One input capture/output compare channel
¢ One pulse accumulator/event counter input
o Two pulse—width modulation outputs

o Pulse accumulator input

Configurable Timer Module (CTM)

» Modular timer system combining different configurations
of timer submodules:

CPSM-6 TAP counter prescaler

FCSM-16-bit free running up counter

MCSM-16-bit modulus up counter

SASM—(Single Action) two 1/O pins for 16-bit input
capture or output compare functions

DASM-—(Dual Action) one I/O pin for 16-bit I/C, O/C,
PWM, or output function
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Timer Module (TM)

* 16-bit free-running counter with 8-bit prescaler

e Two TM can be externally cascaded to increase
count width

e Software selected input capture, output compare,

pulse accumulation, event counting, or pulse—width
modulation functions

Communication Modules
Queued Serial Module (QSM)

o Queued full-duplex, synchronous three—line SPI with
dedicated RAM

e Standard, asynchronous NRZ~format SCI

¢ Polled and interrupt-driven operation

¢ Pins can be configured as a parallel /O port

Multi-Channel Communications Interface
(MCClI) '

One full-duplex synchronous three—line SPI

Two independent standard, asynchronous NRZ—format SCI
Polled and interrupt—driven operation

Pins can be configured as a parallel I/O port

Dual Universal Asynchronous/
Synchronous Receiver Transmitter (DUART)

e Dual NRZ Serial RS-232C channels

¢ Independently programmable TxD and Receiver
Transmitter (DUART)

¢ RxD Baud rates for each channel up to 76.8K Baud

» Optional external input pins provide baud clock

* Transmit operations are double buffered, and receive
operations are quadruple buffered

e RTS and CTS signals are directly supported

Analog-to-Digital Conversion
Modules
Analog-to-Digital Converter (ADC)

8 or 10 bits of resolution

Eight input channels

Eight result registers

Three result alignment formats

Eight automated conversion modes
Programmable sample and hold times are provided
Three result alignment modes

Queued Analog-to-Digital Converter
(QADC)

10 bits of resolution

16 analog input channels (up to 27 if multiplexed
externally)

Two independent conversion queues

32 result registers (16 per queue)

Three result alignment formats

¢ Queued conversions can be performed continuously or
can be retriggered by software or the QADC moduie
periodic interval timer and external trigger

* Programmable sample and hold times

¢ Alternate voltage references

Specialized Control Modules
Direct Memory Access (DMA)

» Provides low—latency transfer to external peripheral or
for memory—memory data transfer

* Two independent DMA channels with full
programmability

Memory Modules

Standby RAM (SRAM)

¢ Fast Static RAM maintained by voltage from standby
voltage pin

e Available in 1K, 1.5K, 2K, 3.5K, and 4K blocks

e Fast (2 clock) access speed

» Byte, word, and long—word operations supported

Standby RAM with TPU Emulation
(TPURAM)

o Fast Static RAM maintained by voltage from standby
voltage pin

Available in 1K, 1.5K, 2K, 3.5K, and 4K blocks

Fast termination (2 clock) access speed

Supports TPU microcode ROM emulation

Byte, word, and long—word operations supported

Masked ROM (MRM)

e Custom—masked non-volatile 16~bit wide memory
e Available in 4K increments from 8K to 48K bytes

e Fast (2 clock ) access speed

e Byte, word, and long-word operations supported

* Boot ROM capability

Flash EEPROM (FLASH)

* Word programmable, bulk erasable non—volatile 16-bit
wide memory

Available in 8K increments from 8K to 64K bytes

Fast (2 clock) access speed

Byte, word, and long—word operations supported

Boot ROM capability

External 12 volt programming/erasure source required

Block Erasable Flash EEPROM
(BEFLASH)

Available in 8K increments from 8K to 64K bytes
Eight independently—erasable blocks

Fast termination (2 ciock) access speed

Byte, word, and long—word operations supported
Byte/Word programming with 12 volt external input
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The M68HC16 Family

The M68HC16 family is designed for embedded control
applications. Each M68HC16 MCU incorporates a true 16-bit
CPU module (CPU16) that is upwardly code—compatible with
the M6BHC11 CPU, a sophisticated integration module, and
a number of special-purpose modules. M68HC16 devices

can be placed in low—power stop mode to minimize power
consumption during periods of inactivity. The M68HC16 family
provides the flexibility and features of the M68300 family, and
also provides a convenient way for users of M68HC11 devices
to move up to 16-bit performance.
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Table 9. M68HC16 Family Modular Microcontrollers

Part Integration
Number ROM | SRAM | EEPROM Timer /o Serial ADC Module | Package Comments
ach 122::;8 20 Address Lines,
MC68HC16Z1 - 1K - GPT 46 Qasm . SIM 12 Chip Selects,
To-Bit 1M Synthesized Glock
144-FV ynthesize: OCH
20 Address Lines,
MCeSHC16Z2 | 8K 2K - GPT 46 Qsm fo‘fgzt SiM :gz‘ig 12 Chip Selects,
4 i Synthesized Clock
20 Address Lines,
MCeBHC16Y1 | 48K | 2K - TPU+GPT | 95 | Mcal focg:t SCIM JS&E,T,, 9 Chip Selects, Single
S Chip or Expanded Mode
20 Address Lines,
XCB8HC916X1 1K 24';:3'2:""? GPT 70 Qsm foc_:g:t RPSCIM | 120-TH |5 Chip Selects, Single
as ! Chip or Expanded Mode
8Ch 160-FT 20 Address Lines,
XCe8HC916Y1 - 4K 48KFlash | TPU+GPT | 95 Mmccl : SCIM g 9 Chip Selects, Single
10-Bit 160-FM -
Chip or Expanded Mode
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The M68300 Family

The high~performance M68300 family is designed for
embedded control applications. Each M68300 MCU
incorporates a 32-bit M68000—~based CPU module (CPU32),
a sophisticated integration module, and a number of
dedicated special-purpose modules. In addition to utilizing a
bus protocol similar to that of the M68020, the system
integration module generates external bus—contro signals for

M6800 devices, and provides a variety of programmable
chip—select functions. M68300 devices can be placed in
low—power stop mode to minimize power consumption during
periods of inactivity. The M68300 family provides great design
flexibility, performance, and compatibility with exiting
hardware and software.
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Table 10. M68300 Family Modular Microcontrollers

Part Integration
Number | ROM | SRAM EEPROM Timer | VO | Serial | ADC | Module Package Comments
132-FC,
_ 132-FD 12 Chip Selects,
MC68331 - GPT | 43 | QSM SiM 144-FM, Synthesized Clock
144-FV
132-FC,
132-FD 12 Chip Selects,
MC68332 - 2K - TPU |47 | asm SiM 144-FM, Synthesized Clock
144-FV
_ 16K Flash, 8Ch, 160-FT, 9 Chip Selects,
PCo8F3s3 | o Frash Emutator | TV [ %6 | OM {om | SOM 160-FM | Synthesized Clock
12 Chip Selects, Synthesized
xce8asd | - 1K - TPU | 47 fo‘fg:t SIM ‘f;?;f:% Clock, Single Chip or
! -~ Expanded Mode
Definitions for Tables 9 and 10
General Definitions Package Definitions
ADC Analog to Digital Converter Module FB 10x10 mm Quad Flat Pack (QFP)
AD Analog to Digital Converter FC Fine Pitch Plastic Quad Flat Pack (PQFP)
CPU16 16 bit Central Processing Unit FD Plastic Quad Fiat Pack in Molded Carrier Ring
CPU32 32 bit Centra! Processing Unit FE Ceramic Quad Flat Pack (CQFP)
D/A Digital to Analog Converter M Molded Carrier Flat Pack (CQFP)
DMA Direct Memory Access FN Plastic Leaded Chip Carrier (PLCC)
GPT General-Purpose Timer FS Windowed Cerquad (Ceramic LCC)
(] Input Capture FT 28x28 mm Quad Flat Pack (QFP)
nc Inter—Integrated Circuit FU 14x14 mm Quad Flat Pack (QFP)
McCcCI Multi-Channel Communication Interface FV 20x20 mm Quad Flat Pack (QFP)
PLL Phase Lock Loop L Ceramic
ocC Output Capture P Dual-in-Line Plastic
POQ Preferred Order Quantity Multiple PB Thin Quad Flat Pack (TQFP) 10x10 mm
PWM Pulse Width Modulation PU Thin Quad Fiat Pack (TQFP) 14x14 mm
Qasm Queued Serial Module PV Thin Quad Flat Pack (TQFP) 20x20mm
RPSCIM Reduced Pin Count SCIM S Cerdip (windowed or non-windowed)
RTC Real-Time Clock TH 16x16 mm Quad Flat Pack (QFP)
RTI Real-Time Interrupt
SCI Serial Communication Interface
SCiM Single Chip Integration Module
SIM System Integration Module
SPI Serial Peripheral Interface
TPU Time Processing Unit
UART Uni | Asy R /Transmitter
WDOG Watch Dog Timer
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Microcontroller
Development Tools

M68HCO05 Family

The M68HCO05 Family is supported by a variety of
development tools including Evaluation Modules (EVM) and
Evaluation Systems (EVS). Both provide an economical
means of designing, debugging, and evaluating M68HCO05
microcontrollers in a target system environment.

Many new M68HC05 CSIC devices are supported by an
MCU-specific EVS. The EVS is a two-board system
consisting of a 68HC05 Platform Board (PFB) and an
Emulator Module (EM) which contains the emulating
microcontroller, and control circuits.

The MB8HCO05 Family is also supported by the Compact
Development System (CDS) for 8-bit microcontrollers
(M68CDS8HCO05), a powerful, portable, full-featured
emulator for debugging hardware and software operations.
The CDS8HCO05 features high—-speed, non-invasive,
in—circuit emulation with real-time trace, and a powerful bus
state analyzer. Commands are entered from an MS-DOS®
host computer.

The Motorola Modular Development System for the
M68HCO05 Family, MMDSO05, allows the use of Emulation
Modules (EM) that are compatible with the existing EVS
product line. The MMDSO05 provides an upgrade for
CDS8HCO5 customers. The MMDSO05 has all of the features
of the CDS8HCO05, and includes a notable enhancement. A
dual-port RAM “memory window” allows a user to to modify
memory while a program is running at full speed. An internal
power supply and totally shielded enclosure assure
compliance with FCC and EC92 regulations. The
development software provided with the MMDSO05 is an
enhancement of the EVMO5/EVM11 front end — it provides an
integrated development environment with true Source Level
Debug (SLD).

M68HC11 Family

The M68HC11 Family is supported by a variety of
economical development tools. These include Evaluation
Boards (EVB), Evaluation Modules (EVM), and Evaluation
Systems (EVS).

An EVB allows a user to debug code under the BUFFALO
(Bit User Fast Friendly Aid to Logical Operations)
monitor/debugging program contained in the microcontroller
ROM. The EVB emulates only the single~chip mode of
operation and has no EPROM programmer. The EVBU, a
“universal” version of the EVB, includes a wire—wrap area for
custom interfacing. ‘

EVM are low—cost tools for designing, debugging, and
evaluating M68HC11 devices in a target system. An EVM
provides essential microcontroller signals and timing, and
on-board monitor/debugging firmware contains extensive
commands for controlling I/O and debug operations.

An EVS is a two-board system consisting of a 68HC11
Platform Board (PFB) and an Emulator Module (EM). The EM
contains control circuits and a 68HC11 MCU for the part or
series of parts being emulated. An EVS provides expanded,
multiplexed, special test, and single—chip mode emulation, a
dual 64 kbyte memory map with 64 kbytes of emulation RAM,
and an RS-232 port.

In addition, the Intermetrics Whitesmiths 68HC11 C
Compiler/Assembler (M68S11CCAB) and 68HC11 Simulator
Debugger (M68S11SIMAB) are now available through
Motorola.

Modular Microcontroller
Families

In—circuit debuggers for modular microcontroller families
(M68ICD32  and M68ICD16) are economical development
and debugging environments. ICD make use of the
non-intrusive Background Debug Mode (BDM) interface, and
provide sophisticated software debugging functions. The ICD
consist of debugger and assembler development software, a
small interconnect board, and target system cable. The
IASM32 and IASM16 assemblers provide a single
development environment that includes an editor and
cross—-assembler programs. ICD source-level debugger
software uses easy-to-read screen windows to display
register information for the CPU, the instruction pointer,
breakpoints, program memory, and data memory.

The MC68331 and MC68332 are supported by evaluation
kits (EVK). These multi-board systems include a common
platform board, a Business Card Computer (BCC) that
contains the MCU being emulated, and the CPU32BUG
debug monitor program. The EVK is a cost—effective system
for designing, debugging, and evaluating target system
software and hardware. The MC68340 is supported by an
evaluation system (EVS) similar to the EVK with the addition
of a development interface board for a comprehensive
development environment.

The M68HC16Z1 Evaluation Board (EVB) is  an
inexpensive tool for designing, debugging, and evaluating the
MC68HC16Z1. Features include background—-mode
operation, ~an .integrated assembly/editing/emulation
environment, and logic analyzer pod connectors.

Modular evaluation boards (MEVB) for each modular
family member are under development. The MEVB system is
a multi-board evaluation system that consists of a common
platform board (PFB) and interchangeable MCU personality
boards (MPB). The MEVB system provides an economical
development environment for downloading and debugging
software generated with IASM16 and IASM32, .

Motorola also sells the Intermetrics Whitesmiths 68HC16
C Compiler/Assembler (M68S16CCAB) and 68HC16
Simulator Debugger (M68S16SIMAB) for the M68HC16
Family. In addition, the . Intermetrics InterTools™ 683XX C
Compiler/Assembler (M68S32CCAB) and 683XX ROM
Monitor Debugger (M68S32ROMAB) for the M68300 Family
are now available through Motorola.
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Table 11. Development Tools

Evaluation Programmer Evaluation
Devices Modules* Boards Systems/Kits
M6800 Development Tools
MC6801 M68701EVM
MC6801U4 M68701EVM
MC68701 M68701EVM
MC68701U4 M68701EVM
MC6803 M68701EVM
MC6803U4 M68701EVM
M68HCO05 Development Tools
MC68HC05B4/B6/B8/B16 M68HCO05X16EVS 52PLCCU: 52 Pin PLCC Target Cable
MC68HC705B5 M68HC05X16EVS M68HCO5BPGMR
MC68HC705B16 M68HC05X16EVS M68HC05BPGMR Use M68HC05X16PGMR for 64 QFP
MC68HC05C5 M68HCO5C5EVS 44 PLCCO5M: 44 Pin PLCC Target Cable
XC68HC705C5 M68HCO5C5EVS
MC68HC05C4/C4A/C8/C9/C12 M68HCO5C9EVS 44 PLCCO5M: 44 Pin PLCC Target Cable
XC68HC05C4
MC68HC705C8 M68HCO5CIEVS M68HC05PGMR—-2
XC68HC705C
MC68HC05D9/D24 44 PLCCO5M: 44 Pin PLCC Target Cable
XC68HC05D32 M68HC05D32EVS
MC68HC705D9 M68HCO5D32EVS M68HCO05PGMR-2
MC68HCO5E1 M68HCO5E1EVS
MC68HC705E1 M68HCO5E1EVS
XC68HCO5F2 M68HCO5F6EVM 42 SDIP Target Cable Included
XC68HCO5F6
XC68HCO05F8 M68HCO5F8EVM
XC68HC705F8 M68HCO5F8EVM M68HC705F8PGMR
MC68HCO05G1 M68HCO5G1EVM
MC8HC705G1 M68HC05G1EVM M68HC705G1PGMR
XC68HC05G9 M68HC05GIEVM
XC68HC705G9 M68HC05G9EVM M68HC705G9PGMR
XC68HC05G 10 M68HC05G10EVM
XC68HC705G10 M68HC05G10EVM
XC68HC05H2 M68HCO5H2EVS
XC68HC0518 M68HCO5I8EVS
XC68HC70518 M68HCO5I8EVS M68HC705L4PGMR
MC68HC05J1 M68HCO5P8EVS
MC68HC705J2 M68HCO5P8EVS M68HC705J2PGMR
XC68HC05J3 M68HCO5J3EVS
XC68HC705J3 M68HCO05J3EVS M68HC705J2PGMR
XC68HCO5K0/K1 M68HC705KIGANG™* M68HC705KICS In—Circuit Simulator
XC68HC705K1 Use M68HC705KICS M68HC705KICS In—Circuit Simulator

* EVSs and EVMs include an Integrated Development Environment (IDE) which contains an editor, assembler and hardware debugger.
* EVSs and EVMs do not include target cables or OTP/EPROM programming capability unless noted in comment section.

** Development tools that are scheduled for availability during 1Q94.
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Table 11. Development Tools (continued)

Evaluation Programmer Evaluation
Devices Modules* Boards Systems/Kits
M68HCO05 Development Tools (continued)
XC68HCO5L1 M68HCO5L1EVM 56 SDIP Target Cable Included
XC68HC705L1 M68HCO5L1EVM
XC68HCO05L.2 M68HCO5L2EVS
XC68HC705L2 M68HCO5L2EVS M68HC705L2PGMR
XC68HCO05L4 M68HCO5L4EVS M68SDIP64: 64 Pin SDIP Target Cable
XC68HC705L4 M68HCO5L4EVS M68HC705L4PGMR
MC68HCO05L5 M68HCO5L5EVS 80QFPUKIT: 80 Pin QFP Target Cable
MC68HC705L5 M68HCO5L5EVS M68HC705L5PGMR
MC68HCO5L7/L9 M68HCO5L.9EVM2
MC68HCO05L10 M68HCO5L10EVM
XC68HCO5L.11 M68HCO5L11EVM
XC68HCO5M4 M68HCO5M4EVM
XC68HCO5P3 M68HCO5P3EVS
MC68HCO05P1/P4/P6/P7/P9 M68HCO5P9EVS XMDS05 Hi-Performance In—Circuit
Emulator
XC68HC705P9 M68HCO5P9EVS M68HC705P9PGMR 68HC705P6 is required for P6 EVS
Capability

MC68HCO05P8 M68HCO5P8EVS
XC68HC055C11/SC21/SC24/SC27 | M6BHCO5SCEVS 1SO Adaptor Included with M6BHCO5SCEVS
MC68HCO5T1 M68HCO5T2EVS
XC68HCO05T2/T3
XC68HCO05T4 M68HCO5T4EVM
MC68HCO05T7/T10 M68HCO5T7EVM
XC68HC705T10 M68HCO5T7EVM M68HC705T10PGMR
XC68HCO05T12 M68HCO05T12EVM
XC68HC705T12 M68HCO5T12EVM M68HC705T12PGMR
XC68HC05X4 M68HCO5X4EVS
XC68HC705X4 M68HCO5X4EVS M68HC705X4PGMR
XC68HC05X16 M68HCO05X16EVS 68 PLCCU: 68 Pin PLCC Target Cable
MC68HC705X16 M68HCO05X16EVS M68HC705X16PGMR
M68HC11 Development Tools
MC68HC11A0/A1/A8 M68HC11EVB M68HC11EVM

M68HC11EVB2

M68HC11EVBU
MC68HC11D0/D3 M68HC11EVM M68HC11D3EVS
MC68HC711D3 M68HC711D3EVB M68HC11EVM M68HC11D3EVS
MC68HC11E0/E1/E2/E9 M68HC11EVB M68HC11EVM

) M68HC11EVBU

MC68HC711E9 M68HC11EVBU M68HC11EVM
MC68HC811A8/E2 M68HC11EVB M68HC11EVM

M68HC11EVBU

* EVSs and EVMs include an Integrated Development Environment (IDE) which contains an editor, assembler and hardware debugger.
* EVSs and EVMs do not include target cables or OTP/EPROM programming capability unless noted in comment section.

** Development tools that are scheduled for availability during 1Q94.
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Table 11. Development Tools (continued)

Evaluation Programmer Evaluation
Devices Modules* Boards Systems/Kits

M68HC11 Development Tools (continued)
MC68HC11F1 M68HC11F1EVS

MC68HC11G5/G7 M68HC11G7EVS
MC68HC711G5

MC68HC11KA4 M68HC11KA4EVS

MC68HC11K0/K1/K4 M68HC11K4EVS
MC68HC711K4

MC68HC11LO/L1/L6 M68HC11L6EVS
MC68HC711L6

MC68HC11M2 M68HC11KMNPEVS
MC68HC711M2

MC68HC11N4 M68HC11KMNPEVS
MC68HC711N4

MC68HC11P2 M68HC11KMNPEVS
MC68HC711P2

M68HC16 Development Tools
MC68HC16Y1 MG8MEVB16Y1
MC68HC16Z1 M68MEVB16Z1
MC68HC16Z2 M68MEVB16Z1
M68300 Development Tools
MC68331 M68MEVB333 M68331EVK

MC68332 M68MEVB16Z1 M68332EVS/M68332EVK
MC68F333 M68MEVB333
MC6805R2/R3

* EVSs and EVMs include an Integrated Development Environment (IDE) which contains an editor, assembler and hardware debugger.
* EVSs and EVMs do not include target cables or OTP/EPROM programming capability unless noted in comment section.
** Development tools that are scheduled for availability during 1Q94.
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Fuzzy Logic

Fuzzy logic' replaces conventional programming
techniques with a simpler approach to control algorithms.
Fuzzy logic uses a series of case statements to create
sophisticated features that do not require additional memory
or excessive processing time. .

Motorola’s portfolio of fuzzy logic products is geared for
every level of user. The fuzzy logic educational kit (part
number FLEDKTOO) includes everything needed to learn how
to use fuzzy logic with M68HCO5 and M68HC 11 microcontrollers.

¢ An easy—to—follow PC-based tutorial

¢ Explains fuzzy logic fundamentals, basic concepts

and terminology

» Methodology section teaches a five—step sequence or

principles and procedures for designing a fuzzy logic
system. These include defining the control system,
writing rules and membership functions, tuning and
debugging and optimizing the design.

¢ Advanced topics section covers areas such as

stability, adaptability, ambiguity, noise, alpha—cuts and
contribution weights
¢ A Knowledge Base Generator (KBG)

» Uses natural language inputs to generate a

knowledge base (rules and membership functions)

e Inference Engines for the M68BHC11 and M68HC05

families implement the fuzzy logic in software ready to
embed in your Motorola microcontroller application

On-Line Help

Microcontroller Electronic
Bulletin Board

Freeware Data Service provides a direct line to the latest
information and software for Motorola microcontrollers. The
Freeware bulletin board provides access to:

¢ Development Software for PC and Macintosh

-Computers

e Cross Assemblers

e Small C Compiler for 68HC11

e EVM and EVB Monitor/Debugger Object Code

* Development software

» Floating Point Routines

o Fast Fourier Transform Routines

¢ 16-Bit Math Packages

o Utility Programs

e User Group Library Routines and User-Donated

Programs
o Kermit File Transfer Program
¢ Terminal Emulation Program
* Masked ROM information
e MCU literature listings
o Updates/Erratas to existing literature

* Runs a software simulation of the inference engine
and displays a two—dimensional plot of the control
surface

¢ Generates real-time code for the standard M68HC05
or M68HC11 microcontroller families which can be
downloaded to an evaluation module (EVM) for
in—circuit emulation

* Demonstration—version of Aptronix’s Fuzzy Inference
Development Environment (FIDE) software
* Features powerful, time-saving debug functions to
help determine the correct membership functions and
rules for any application
¢ Demonstrates easy—to—use graphical interface for
designing and debugging integrated systems

Aptronix’s Fuzzy Inference Development Environment
(FIDE™) is a powerful software tool that allows users to easily
edit, simulate, debug, and tune the membership functions and
rules of a fuzzy logic application. FIDE offers graphical and
natural language editing of source files. The user—friendly
debug tools allow time domain  simulations,
three-dimensional surface displays of input-to—output
relationships, and linkage of fuzzy and non-fuzzy modules.
FIDE also generates assembler code that implements fuzzy
logic on Motorola microcontrollers.

¢ Press releases and updates concerning new and
phase—out products

¢ Contests, promotions and seminars

¢ Electronic mail service

How to Access Freeware

You can access Freeware from anywhere in the world. To
log on, you'll need the following equipment:
1. 2400/1200/300 baud modem
2. Terminal, MS-DOS personal computer or Macintosh
computer
3. Telephone line

This equipment will allow the user to read files and post
questions. However, with a file transfer program such as
XMODEM, YMODEM or Kermit, all information can be
downloaded to your terminal or PC.

To log on:

1. Dial (512) 891-FREE (891-3733). Be sure to set the
character format to 8 data, no parity, 1 stop bit.

2. Follow directions from the system.

3. Read log—on messages, then follow the directions on the
screen display. A log—on session is limited to 120 minutes.
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Development support for Motorola microcontrollers is available from a variety of independent suppliers.

Third—Party Development Tools

Table 12. Software Products

P&E Microcomputer Systems, Inc.
PseudoCorp.
TECi

Nohau Corp.

P&E Microcomputer Systems, Inc.

M68HCO05 M68HC11 M68HC16 M68300
Family Family Family Family
Simulators

Byte Craft Ltd. Avocet Systems, Inc. P&E Microcomputer Systems, inc. Software Environments Ltd.

Assemblers

2500AD Software, Inc.
American Arium

Byte Craft Ltd.

Computer Systems Consultants, Inc.
Eris Systems, Inc.

Introl Corp.

Lloyd I/O, Inc.

LOGISOFT

Micro Dialects, Inc.

Onset Computer Corp.

P&E Microcomputer Systems, Inc.
PseudoCorp.

TEGi

2500AD Software, Inc.
Archimedes Software, Inc.
Avocet Systems, Inc.

Computer Systems Consultants, Inc
Eris Systems, Inc.

Introl Corp.

Lloyd I/O, Inc.

LOGISOFT

Micro Dialects, Inc.

2500AD Software, Inc.
Byte Craft Ltd.

Eris Systems, Inc.
Introl Corp.

Micro Dialects, Inc.

P&E Microcomputer Systems, Inc.

Avocet Systems, Inc.

Eyring Systems Software Division
Introl Corp.

Micro Dialects, Inc.

Microtec Research, Inc.

Qasys, Inc.

Symbolic Debuggers

Byte Craft Ltd.

Archimedes Software, Inc.

Avocet Systems, Inc.

Forth, Inc.

Intermetrics Microsystems Software, Inc.
Introl Corp.

Laboratory Microsystems Inc.

New Micros, Inc.

Software Environments Ltd.

SYNGEN Industrial Control

Intermetrics Microsystems Software, Inc.

Introl Corp.

Software Environments Lid.

2500AD Software, Inc. 2500AD Software, Inc. Byte Craft Ltd. Eyring Systems Software Division
Byte Craft Ltd. Microtec Research, Inc. Integrated Systems, Inc.

P&E Microcomputer Systems, Inc. P&E Microcomputer Systems, Inc. JMI Software Consultants, Inc.
TECi TECi

Wytec Company

Compilers

American Arium 2500AD Software, Inc. Byte Craft Ltd. Eyring Systems Software Division

Forth, Inc.

Integrated Systems, Inc.

Intermetrics Microsystems Software, Inc.
Introl Corp.

Laboratory Microsystems Inc.
Microtec Research, Inc.

Microware Systems Corp.

RAVEN Computer Systems

Sierra Systems

Single-Chip Microcontrollers (MCU)
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Table 12. Software Products (continued)

M68HC05
Family

M68HC11
Family

M68HC16
Family

M68300
Family

Source Level Debuggers

Byte Craft Ltd.

Yokogawa Digital Computer Corp.

Introl Corp.

Huntsville Microsystems, Inc.
Intermetrics Microsystems Software, Inc.
Introl Corp.

YYokogawa Digital Computer Corp.

Huntsville Microsystems, Inc.

Intermetrics Microsystems Software, Inc.

Introl Corp.
Yokogawa Digital Computer Corp.

Embedded Support Tools Corp.
Eyring Systems Software Division
GreenSpring Computers, Inc.
Huntsville Microsystems, Inc.
Integrated Systems, Inc.

Intermetrics Microsystems Software, Inc.

Microtec Research, Inc.
Sierra Systems

Yokogawa Digital Computer Corp.

Real-Time Executives

{ Accelerated Technology, Inc.

A. T. Barrett & Associates
U S Software Corporation

A. T. Barrett & Associates
U S Software Corporation

Accelerated Technology, Inc.

A. T. Barrett & Associates

Eyring Systems Software Division
GreenSpring Computers, Inc.
Integrated Systems, Inc.

JMI Software Consuitants, Inc.
Microware Systems Corp.

Ready Systems

U S Software Corporation

Other

PsuedoCorp

Logic Automation Inc.
LOGISOFT

PsuedoCorp

U S Software Corporation

Momentum Data Systems, Inc.

U S Software Corporation

Avocet Systems, Inc.

CARDtools Systems Corp.

Eyring Systems Software Division
GreenSpring Computers, Inc.
Integrated Systems, Inc.

JMI Software Consultants, Inc.
Logic Automation Inc.

Microware Systems Corp.

U S Software Corporation
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Table 13. Hardware Products

Orion Instruments, Inc.
Pentica Systems Inc.

Sophia Systems & Technology
TECi

Thorson Engineering Co.

Trace Technology Ltd.

Yokogawa Digital Computer Corp.

American Arium

Huntsville Microsystems, Inc.
MetaLink Corp.

Nohau Corp.

Orion Instruments, Inc.
Pentica Systems Inc.

Sophia Systems & Technology
TECi

Thorson Engineering Co.
Wytec Company

Yokogawa Digital Computer Corp.

Huntsville Microsystems, Inc.
Nohau Corp.

Pentica Systems, Inc.

Yokogawa Digital Computer Corp.

M68HCO05 Family M68HC11 Family M68HC16 Family M68300 Family
Logic Analyzers
American Arium Hewlett—Packard Hewlett-Packard
Hewlett-Packard Tektronix, Inc.
Step Engineering
Tektronix, Inc.
Emulators
American Arium Advance Electronic Diagnostics, Inc. Embedded Support Tools Corp. Advance Electronic Diagnostics, Inc.

Applied Microsystems
Embedded Support Tools Corp.
Hewlett—Packard

Huntsvilie Microsystems, Inc.
Microtek International

Nohau Corp.

Pentica Systems Inc.

Yokogawa Digital Computer Corp.

Evaluation Boards

Elan Digital Systems

Elan Digital Systems
Mosaic Industries, Inc.

New Micros, Inc.

New Micros, Inc.

GreenSpring Computers, Inc.

New Micros, Inc.

Other

3M Electronic Products Division
AMP Inc.

EE Tools Co.

Elan Digital Systems

Pentica Systems Inc.

TECi

3M Electronic Products Division
AMP Inc.

Elan Digital Systems

Emulation Technology, Inc.
Pentica Systems Inc.

SYNGEN Industrial Control

AMP Inc.

P&E Microcomputer Systems, Inc.

Emulation Technology, Inc

Pentica Systems Inc.

Single-Chip Microcontrollers (MCU)
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Table 14. Contact List

Company Phone
3M Electronic Products Division (512) 9843441
2500AD Software, Inc. (719) 395-8683
A. T. Barrett & Associates (713) 728-9688
Accelerated Technology, Inc. (205) 450-0707

Advance Electronic Diagnostics, Inc.
American Arium

AMP:Inc.

Applied Microsystems
Archimedes Software, Inc.
Avocet Systems, Inc.

Byte Craft Ltd.

CARDtools Systems Corp.
Computer Systems Consultants, Inc
EE Tools Co.

Elan Digital Systems

Embedded Support Tools Corp.
Emulation Technology, Inc.

Eris Systems, Inc.

Eyring Systems Software Division
Forth, Inc.

GreenSpring Computers, Inc.
Hewlett—-Packard

Huntsville Microsystems, Inc.
Integrated Systems, Inc.
Intermetrics Microsystems Software, Inc.
Introl Corp.

JMI Software Consultants, Inc.
Laboratory Microsystems Inc.
Lloyd I/O, Inc.

Logic Automation Inc.

LOGISOFT

MetaLink Corp.

Micro Dialects, Inc.

Microtec Research, Inc.

Microtek International

Microware Systems Corp.
Momentum Data Systems, Inc.
Mosaic Industries, Inc.

New Micros, Inc.

Nohau Corp.

Oasys, Inc.

(602) 8619359
(714) 731-1661
(800) 52AMP52
(800) 426-3925
(415) 567-4010
(800) 448-8500
(519) 888-6911
(408) 559-4240
(404) 483-4570
(716) 346-6973
(4489) 579799

(617) 828-5588
(408) 982-0660
(612) 3742967
(801) 375-2434
(213) 372-8493
(415) 3827-1200
(800) 447-3282
(205) 881-6005
(408) 980-1500
(617) 661-0072
(414) 327-7171
(215) 628-0840
(310) 3067412
(503) 222-0702
(503) 690-6900
(408) 773-8465
(602) 926-0797
(513) 271-9100
(408) 9801300
(503) 645-7333
(515) 224-1929
(714) 5776894
(415) 790-1255
(214) 339-2204
(408) 866-1820
(617) 8622002
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Table 14. Contact List (continued)

TECI

Tektronix, Inc.

Thorson Engineering Co.
Trace Technology Ltd.

U S Software Corporation
Wytec Company

Yokogawa Digital Computer Corp.

Company Phone
Onset Computer Corp. (508) 563-9000
Orion Instruments, Inc. (800) 729-7700
P&E Microcomputer Systems, Inc. (617) 944-7585
Pentica Systems Inc. (617) 275-4419
PseudoCorp. (804) 873-1947
RAVEN Computer Systems (612) 636-0365
Ready Systems (800) 228-1249
Sierra Systems (510) 339-8200
Software Environments Ltd. (714) 588-9685
Sophia Systems & Technology (800) 824-9294
Step Engineering (408) 733-7837
SYNGEN Industrial Control (403) 986-1203

(802) 525-3458
(503) 629-1773
(206) 334-4214
0234 266 455

(503) 641-8446
(708) 8941440
(415) 570-7050

Single-Chip Microcontrollers (MCU)
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LoNWoRKS™ Products

In Brief ...

Motorola’s NEuroN® CHip distributed communication
and control processors are sophisticated VLS| devices that
make it possible to implement low—cost Local Operating
Network applications. The unique combination of hardware
and firmware provides all the key functions necessary to
process inputs from sensors and control devices
intelligently, and propagate control information across a
variety of network media.

Used in conjunction with the LonBuiLDER™ developer’s
workbench, the NEURON CHIPs make available to a system
designer an object—oriented, high—level environment
providing for the easy implementation of distributed sense
and control networks, flexible reconfiguration capability after
networkinstallation, and management of LONTALK™ protocol
messages on the network.

Applications include distributed sense and control
systems, instrumentation, machine automation, processor

control, diagnostic equipment, environmental. monitoring.

and control, power distribution and control, production
control, lighting control, building automation and control,
security systems, data collection/acquisition, robotics, home
automation, consumer electronics, and automotive
electronics.
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NEeEURON CHIPS

Motorola’s NEURON CHiPs, the MC143120 and MC143150,
are the brains behind LONWORKs technology. These VLSI
devices are specifically designed for distributed systems
where sensing, processing, control, and communication are
paramount. With LONWORKs development tools and software,
they form a complete system solution that provides easy
development of Local Operating Networks.

The power of both chips lies in their three respective
on-board CPU’s, high—speed serial communications ports
(up to 1.25 MBps), and LONTALK communications protocol
which is based on the OSI reference model. The difference
between the two integrated circuits lies in the type and size of
memory configuration; the MC143120 is targeted for
cost—sensitive designs with small application programs; the

MC143150 is for larger systems with expanded software
requirements.

MC143120 Features

The MC143120 is a complete system—on—a—chip that
integrates 10K ROM, 1K RAM, and 512 bytes EEPROM. The
ROM is used for storing LONTALK protocol, operating system,
and 24 |/O functions that can be accessed by the application
program. Application program data is stored in RAM or the
internal EEPROM. The application program and system
configuration data reside in the MC143120’s internal
EEPROM. The MC143120 is available in a 32—pin SOG.

MAC
PROCESSOR

8-BIT DATABUS

NETWORK
PROCESSOR

16-BITEMADDRESS BUS

APPLICATION
PROCESSOR

RAM
1KBYTES

EEPROM
512 BYTES

ROM
10K BYTES

» CP4
NETWORK [ > CP3
COMM. » CP2
PORT > CP1
<«—|—» CPO
APPLICATIONS
1/0:
GENERAL
10 > 1010
.
PARALLEL :
PORT 00
SERIAL
PORT L
2 TIMER/
COUNTERS
CLK1
CLOCKING > CLK2
AND
CONTROL [ SERVICE
> RESET

Figure 15. MC143120DW (32-LEAD SOG)
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NEURON CHIPS (continued)

MC143150 Features

The MC143150 contains an additional 1K of on~chip RAM
but no on-board ROM. An external memory interface allows
the system designer to use 42K of the available 64K of
address space for application program storage. The
remaining address space is reserved for LONTALK
communications protocol, operation system, and up to 24 1/0
functions which are supplied with the LONBUILDER Developer’s
Workbench, The protocol and application code can be located
in external ROM, EEPROM, NVRAM, or battery-backup
static RAM. The MC143150 is available in a 64—pin QFP.

Shared Strengths

Of the three processors on-board each NEURON CHIP, two
implement a communication subsystem, -enabling the
automatic transfer of information from node to node. The
remaining processor handles the application program. The
NEuroN IC supports a maximum clock rate of 10 MHz.

Both NEURON CHIPs have eleven I/O pins (10.0 — 10.10)
to provide flexible interfacing to external hardware and access
to two internal timers/counters. All eleven I/0 (10.4 — 10.7)
have optional pull-up resistors. Pins 10.0 — 10.3 have high
current sink capability (20 mA @ 0.8 V) while others have a
standard sink capability of 1.4 mA @ 0.4 V. All I/O pins have
TTL-level inputs with hysteresis.

There are two versions of the MC143150 NeuroN IC that
offer different cost and technical advantages. The
MC143150FU operates up to a maximum clock rate of 10 MHz
over a temperature range of -40 to +85°C. The
MC143150FU1 is a lower cost device that operates up to
5 MHz over the same temperature range and consumes less
power. The key difference between the two IC’s is in the cost
saving gained by using an external 200 ns EPROM memory
device with the mc 143150FU1 as opposed to a 90 ns memory
device for a 10 MHz clock rate with the MC143150FU.

> CP4
MAC < > CP3
PROCESSOR NETWORK cp
COMM. —> CP2
8 PORT > CP1
(2] o
a |= —> CP0
2 |5
2 s
NETWORK g |
PROCESSOR =
§ APPLICATIONS
= 1/0:
GENERAL 1010
APPLICATION 110 .
PROCESSOR .
PARALLEL .
PORT 00
SERIAL
RAM PORT >
2K BYTES g
2 TIMER/
COUNTERS
EEPROM
512 BYTES
ADDRESS < > CLKI1
DATA CLOCKING > CLK2
AND -
AW CONTROL > SERVICE
£ Dl —> RESET

Figure 16. MC143150FU (64-LEAD PQFP)
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LonWorks Technology Overview and Architecture

LoNWoRKs technology is a complete solution for
implementing distributed control networks. These networks
consist of nodes that communicate with one another over a
variety of communications media using LONTALK protocol, a
common, message—based communications protocol. In a
LoNnWoRKs — application, nodes sense, monitor, count,
measure time, manage switches and relays, and respond to
conditions reported by other smart nodes.

LoNWoORKs technology includes all of the hardware and
firmware functions needed to process data within nodes and
to communicate information among nodes through a variety

of network physical layers. In one convenient package,
designers can now access all the elements required to design,
install, and support control networks. Those elements include:
the MC143150 and MC143120 NEURON CHiPs, LONWORKS
transceivers, the LoNBuILDER Developer’s Workbench and
LONTALK protocol.

LONTALK protocol features seven layers, each optimized for
control networks, and is based on the OSI reference model.
LoNTALK protocol is embedded within the firmware of
Motorola’s NEURON CHiPs and is the foundation of the
LoNWoORKs technology networking solution.

Sense or Control Devices:
e.g. Motors, Valves,
E itck

|

Power

Crystal Source

16K-58K EPROM/ROM

O

5V

1/0 Circuitry

LONWORKS
Transceiver

ﬁ

7

Networking Medium (Twisted Pair, RF, Power Line, etc.)

Figure 17. MC143150 in a

Typical Node Block Diagram

LonWoRrks Node 1 LonWorks Node 2 LonWorks Node 3 LonWorks Node 4
Sense/Control Sense/Control Sense/Control Sense/Control
Device Device Device Device
[ woGiouty ]| [ VoCrcuty || |[__VOCircuty J| |[__tOCircuity Jf

| Transceiver | | Transceiver | | Transceiver | l Transceiver |

! !

!

Network Transmission Medium

LonWorks Node 5 LoNWorks Node 6

Sense/Control Sense/Control -
Device Device
LONWORKS R
Router
[woCireuty J|  {[_¥O Gircuity ]|
[ Transceiver I | Transceiver |
| |

| i

Network Transmission Medium
Figure 18. The MC143150 or MC143120 in a LoNWoRrks Network
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LonBuiLber Developer’s Workbench seence 1

This integrated hardware and software environment
provides the tools necessary to build a Local Operating
Network (LON®). LonWoRks consist of intelligent nodes that
interact with their environment, and communicate with one
another over a variety of communications media using a

common, message—-based control protocol. Each node
contains sufficient computing resources to implement the
protocol and perform the node’s control function. In addition,
each node includes a transceiver that couples the node to the
communications media.

Lon Control Processor Board °K
o 2 NEURON 3150 CHiPs

* Memory

© 2 Optional Transceivers

LonWorks Router Evaluation Board

Short-Range RF Transceiver Evaluation Board

© 2 NEURON 3150 CHips
o Memory

Power Line Transceiver Evaluation Unit

Twisted-Pair Transceiver Evaluation Board

1/0 Evaluation Board

LONBUILDER *
Interface Adapter

< It

PC/AT
Compatible
(supports 24 emulators)

Lon Builder| .
[¢] [¢] [*]

o 2 Optional Transceivers
Neuron SBC
* NEURON 3150 CHIP
* Memory |
o Optional Transceiver
o Optional /0

Neuron Emulator *
o NEuRON 3150 CHIP

e Memory

* Optional Transceiver
« Optional I/0

S ECHELON
o 0 [0 [0

AL o

* Included in Starter Kit

Figure 19. LonBuiLber Developer’s Workbench and Starter Kit

LoNBuiLDER Starter Kit (seenote 1) The

LonBuILDER Starter Kit contains all the tools necessary to be-
gin LONWORKs development on a PC/AT or compatible com-
puter. The starter kit contains a LONBUILDER Development Sta-
tion (7-slotenclosure and PC interface adapter board) and the
Interactive Development Environment Software consisting of

the Network Management Tools and the NEuRoN- C-Develop-
er's Kit. The starter kit also contains two LONBUILDER NEURON
CHip Emulators. The backplane built into the enclosure can be
used as an internal development network or optional LoN-
BUILDER transceiver evaluation boards are available for exter-
nal powerline, radio frequency, and twisted pair networks.

(1) Motorola supports these tools, but they should be purchased through Echelon Corporation (1-800—258-4566).
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LoNnWoRks Support Tools

Motorola’s LONBUILDER support tools offer the user a'quick
and flexible means to demonstrate or test a LONWORKS based
product which was developed and debugged on the
LonBuiLber Developer's Workbench. The family of tools
consist of NEURON CHIP based development boards, 1/O
application boards, a Differential Direct Connect Transceiver
Board (for the LonBuiLDER Developer’s Workbench), and a

LONBUILDER
O |0

B[IBLBLIERLIEL]
E D

of Po Po Po Po Po lo ,
IUMEAH RGO RRGR RO

M143204EVK
DIFFERENTIAL Ifo
DIRECT
CONNECT
TRANSCEIVER

RJ45 MC143150 \
— e GIZMO 4
110 M143207EVK
1/0 INTERFACE
BOARD
/ M143150EVBU
NEURON CHIP
EVALUATION BOARD
GIZMO 3
M143206EVK
/0 1/0 INTERFACE
BOARD
M143120EVBU
NeuroN CHIP
EVALUATION BOARD
MC143120/50 sockets om
RJ45 sockets SE
. 0 0m
on
o Iom
om
g om
om
om
om

110

GIZMO 5

M143205EVK M143208EVK
NEURON CHIP 1/0 TES BOARD
TEST/PROGRAMMING
BOARD

Figure 20. Evaluation and I/O Interface Boards
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NeuroN CHiP  Test/Programming Board. The unique
advantages that these tools offer are:

The boards all have RJ45 connectors allowing ease of
connectivity.

The NEURON CHIP boards contain a 5 volt regulator
allowing for a wider range of power supply voltages.

A common 2 x 10 connector for interface to the NEURON
CHIP 1/0 pins. .

A library of application functions are available from
Motorola.

An inexpensive means of demonstrating LONWORKsS
based products.

This document covers a brief detail on each of the boards.

For further information, contact Motorola’s LoNWORKS
applications support team in Austin, Texas at 512-505-8330
or FAX 512-505-8312.

LonWoRks Literature

Motorola Document Number

Echelon Number

Data Sheets
MC143150/D
LONKITSUM/D 003-0001-01
LONBDSUM/D 003-0003-01
LONTP/D 003-0004-01
Manuals
LONUG/AD 078-0001-01A
NEURONCPG/AD 078-0002-01A
Application Notes
AN1208
AN1211
AN1216
AN1225
EB146/D 005-0003-01
EB147/D 005-0006-01
EB148/D 005-0001-01
EB149/D 005-0011-01
EB150/D 005-0009-01
EB151/D 005-0004—-01
EB152/D 005-0002-01
EB153/D 005-0014-01
EB155/D 005-0019-01
EB157/D 005-0016~01
EB159/D 005-0022-01
EB160/D 005-0007-01
EB161/D 005-0017-01
Other
BR1134/D
LONPROD/D
BR1139/D

The family consists of:

* M143120EVBU: MC143120DW NEURON CHIP
Custom Node Development Board
¢ M143150EVBU: MC143150FU NEeuroN CHIP

Custom Node Development Board
Direct Connect Transceiver Board
NEURON CHIP Test/Programming

o M143204EVK:
o M143205EVK:

Board

o M143206EVK: NEURON CHIP I/O Interface Board
(Gizmo 3)

¢ M143207EVK: NeuRoN CHIPN {/O Interface Board
(Gizmo 4)

¢ M143208EVK: NEURON CHIP I/O Interface Test

Board (Gizmo 5)

All the boards are available from Motorola and our

franchised distributors.

Description

MC143150/20 NEURON IC Data Sheet

MC143160EVK LoNBuUILDER Starter Tools

MC143165/66/67EVK LONBULIDER Processor Boards
Summary

MC143175 LonBuILDER Twisted Pair Transceiver

LonWorks User’s Guide
NEURON C Programming Guide

Parallel I/O Interface

Interfacing DAC’s and ADC'’s to the NEURON IC

Setback Thermostat Design using the NEURON IC

Fuzzy Logic

NEeuRON CHIP Quadrature Input Function Interface

LoNWoRKs Installation Overview

Enhanced Media Access with LONTALK Protocol

Optimizing LONTALK Response Time

NEURON CHIP RS—485 Transceiver

Scanning a Keyboard with a NEURON CHIP

How to Use SNVT’s in LONWORKs Applications

Driving a Seven Segment Display with the NEURON CHIP

Analog-to-Digital Conversion with the NEURON CHiP

Creating Applications with the LONBUILDER Multi-Function
1/O Kit

NEURON CHIP based Installation of LoNWORKs Networks

NEURON CHIP Input/Output Timing Specification

LONTALK Protocol

NEuRON CHIP Product Overview
LoNWoRks Products
LoNWoRKs Support Tools

Motorola Master Selection Guide Rev 7

2.6-7

LoNWoORKs Products




LoNWoRkKs Products 2.6-8 Motorola Master Selection Guide Rev 7



MOS Memories

In Brief...

Motorola’s MOS memory product portfolio has been
expanded to support a broad range of engineering
applications.

Motorola’s Fast Static RAM division’s goal is simple:
speed. These high—density, high—speed products are
targeted for specific solutions in  microprocessor
applications, providing access times as fast as 6 and 9 ns.
Included in this portfolio are application—specific FSRAMs,
along with standard and custom Fast Static RAM modules.
Also included are asynchronous devices with access times
of 6 ns at the 256K—bit density and 8 ns at 1 Megabit density.

The Dynamic Memory Products Division utilizes
alliances as a vehicle for global customer support in the
DRAM and memory module markets. The product portfolio
consists of high—density DRAMs and standard and custom
memory modules including DRAM PC cards and PCMCIA
Flash cards.
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Fast Static RAMs
Introduction

Motorola is designing the fastest, most technologically
advanced fast SRAMs. From 0.8 um to 0.5 um with access
times as fast as 6 ns 256K, 8 ns 1M, and 12ns 4M, these
devices are progressively smaller, faster, and lower cost.

Application specific memories are designed for
high—performance microprocessors that require more
specialization from memory cache than is available from
standard devices. Products include those for use with digital

SRAMs with advanced BiCMOS technology will keep pace signal processors as well as a variety of popular
with machines of the future. Selected fast SRAMs are also microprocessors.
available on 2M and 8M memory modules.
APPLICATION SPECIFIC STATIC RAMSs (7 to 35 ns)
Organi- Motorola Pin Access Time Tech— Pro—
Description zation Part Number Count Packaging (ns Max) nology | duction Comments
Processor 64Kx18 MCM67B618 52 (FN) PLCC 9/10112 BICMOS Now Burst mode for i486™/Pentium™ (non-pipeline). 3.3 V I/0
Specific 119 (2P) BGA 910/12 | BICMOS | aqe4 | compatible.
MCM67C618 52 (FN) PLCC 6/7/9 BiCMOS Now Burst mode for i486/Pentium (pipeline). 3.3 V I/O
119 (ZP) BGA 6/7/9 BICMOS | aqo4 | compatile.
MCM67H618 52 (FN) PLCC 91012 BICMOS | 2Q94 | Supports Pentium pipeline address mode
MCM67J618 52 (FN) PLCC 6/7/9 BICMOS 2Q94 | Supports Pentium pipeline address mode with data pipe-
line
MCM67M618 52 (FN) PLCC 911114 BICMOS Now Burst mode for '040/PowerPC™ (non-pipeline). 3.3 V I/0
compatible.
32Kx18 | MCM67B518 52 (FN) PLCC 910/12 BiICMOS | 2Q94 | Burst mode for i486™/Pentium™ (non-pipeline). 3.3 V I/0
119 (ZP) BGA 9110/12 BICMOS | aqas | compatile.
MCMe67C518 52 (FN) PLCC 6/7/9 BICMOS 2Q94 | Burst mode for i486/Pentium (pipeline). 3.3 V 1/0
119 (2P) BGA 6/7/9 BICMOS | aqas | compatile.
MCM67H518 52 (FN) PLCC 9/10/12 BiCMOS 2Q94 | Supports Pentium pipeline address mode
MCM67J518 52 (FN) PLCC 6/7/9 BICMOS 2Q94 | Supports Pentium pipeline address mode with data pipe-
line
MCM67M518 52 (FN) PLCC 91114 BiCMOS 2Q94 | Burst mode for '040/PowerPC (non-pipeline). 3.3 V I/0
compatible.
32Kx9 MCM62486A 44 (FN) PLCC 11112/14/19/24 | HCMOS Now Burst mode for i486/Pentium applications > 50 MHz.
MCM62486B 44 (FN) PLCC 1011712114/ HCMOS 3Q94 | Replaces MCM62486A. Sampling 2Q94.
19/24
MCM62940A 44 (FN) PLCC 11/12/14/19/24 | HCMOS Now Burst mode for '040/PowerPC.
MCM62940B 44 (FN) PLCC 10/11/12114/ HCMOS 3Qo4 Replaces MCM62940A. Sampling 2Q94.
19/24
8Kx24 MCM56824A 52 (FN) PLCC 20/25/35 HCMOS Now Designed for DSP56001 applications, replaces 3 8Kx8's.
Latched 64Kx18 MCM67A618 52 (FN) PLCC 10/12/15 BiCMOS Now General asynchronous, latched address and data.
32Kx18 | MCM67A518 52 (FN) PLCC 10/12/15 BiCMOS 2Q94 General asynchronous, latched address and data.
16Kx16 | MCM62995A 52 (FN) PLCC 12-5/15/20/25 | HCMOS Now DSP96000 and MIPS R3000 applications. Latch on
address inputs.
Synchronous 128Kx9 MCM67D709 52 (FN) PLCC 6/7.5 BiCMOS Now Dual I/O for 88110 and other multiprocessor. 50MHz and
60MHz applications.
MCM67Q709 86 (ZP) BGA 10112 BiCMOS 2Q94 | General synchronous separate |/O with write pass
through.
MCM67Q804 36 400 (WJ)SOJ 10/12 BiCMOS Now Graphics; general RISC. Register to register. Revolu-
tionary pinout. 3.3 V I/0O compatible. Write pass through.
Separate 1/0.
16Kx16 | MCM62990A 52 (FN) PLCC 12-5/15/20/25 | HCMOS Now Designed for advanced RISC-CISC cache applications.
32Kx9 MCM62110 52 (FN) PLCC 15/17/20 HCMOS Now Dual I/O’s for 88110 and other multiprocessor
applications.
64Kx4 MCM62980 28 300 (J)SOJ 15/20 HCMOS Now For RISC and CISC systems; 1-stage pipeline.
MCM62981 32 300 (J)SOJ 15/20 HCMOS Now Parity bit storage.
8Kx16 MCM67T316 44 (FN) PLCC 12 BiCMOS 3Q94 Synchronous cache tag with comparator. Samples 2Q94.
8Kx8 MCM62X308 28 300 (J)SOJ 15-5/17 HCMOS Now Line buffer for processing digital data.
MCM62Y308 32 300 (J)SOJ 16-5/17 HCMOS Now Line buffer for processing digital data with added roll-
over flags.
4Kx12 MCM62973A 44 (FN) PLCC 18/20 HCMOS Now Pipelined with chip select.
MCM62974A 44 (FN) PLCC 18/20 HCMOS Now Pipelined with output enable.
MCM62975A 44 (FN) PLCC 25/30 HCMOS Now Output enable.
MOS Memories 2.7-2 Motorola Master Selection Guide Rev 7




BiCMOS FAST STATIC RAMs (6 to 15 ns)

Organi- Motorola Pin Packaging Access Time Tech— Pro—
Density zation Part Number Count Package width in mils (ns Max) nology duction Comments
4M 1Mx4 MCM101524 36 400 (TS)TSOP 1215 BICMOS Now 100K ECL compatible @ - 5.2 V.
(TB)TAB
2Mx2 MCM101525 36 400 (TS)TSOP 12/15 BiICMOS Now 100K ECL compatible @ - 5.2 V.
(TB)TAB
™ 128Kx8 | MCM6726 32 400 (WJ)SOJ 10112/15 BiCMOS Now Revolutionary pinout.
MCM6726A 32 400 (WJ)SOJ 8/10/12/15 BiICMOS Now Revolutionary pinout. Sampling 4Q93.
256Kx4 | MCM6728 28 400 (WJ)SOJ 10/12/15 BiICMOS Now Revolutionary pinout.
MCM6728A 28 400 (WJ)SOJ 8/10/12115 BICMOS Now Revolutionarypinout. Sampling 4Q93.
MCM6729 32 400 (WJ)SOJ 10/12/15 BICMOS Now With output enable. Revolutionary pinout.
MCM6729A 32 400 (WJ)SOJ 8/10/12/15 BiICMOS Now With output enable. Revolutionary pinout.
256K 32Kx8 | MCM6706A 28 300 (J)SOJ 8/10/12 BiICMOS Now Use for new quals and designs. Evolutionary pinout,‘
MCM6706R 32 300 (J)SOJ 6/7/8 BiCMOS Now Revolutionary pinout. Sampling 3Q93.
32Kx9 | MCM6705A 32 300 (J)SOJ 1012 BiCMOS Now Evolutionary pinout.
64Kx4 | MCM6708A 24 300 (J)SOJ 8/10 BICMOS Now Use for new quals and designs. Evolutionary pinout.
MCM6709A 28 300 (J)SOJ 8/10 BiICMOS Now Use for new quals and designs. Output enable.
Evolutionary pinout.
MCM6709R 28 300 (J)SOJ 6/7/8 BiICMOS Now Revolutionary pinout. Sampling 3Q93.
CMOS FAST STATIC RAMs (12 to 45 ns)
Organi— Motorola Pin Packaging Access Time Tech— Pro-
Density zation Part Number Count Package width in mils (ns Max) nology duction Comments
4aM 512Kx8 | MCM6246 36 400 (WJ)SOJ 20/25/35 HCMOS 2Q94 Output enable. Revolutionary pinout.
1Mx4 MCM6249 32 400 (WJ)SOJ 20/25/35 HCMOS 2Q94 Output enable. Revolutionary pinout.
™ 128Kx8 | MCM6226A 32 400 (WJ)SOJ 20/25/35/45 HCMOS Now Standard asynchronous.
MCM6226B 32 300 (J), 400 (WJ)SOJ 15/20/25/35 HCMOsS 2Q94 Standard asynchronous.
256Kx4 | MCM6229A 28 400 (WJ)SOJ 20/25/35/45 HCMOS Now Standard asynchronous.
MCM6229B 28 300 (J), 400 (WJ)SOJ 15/20/25/35 HCMOS 2Q94 Standard asynchronous.
1Mx1 MCM6227A 28 400 (WJ)SOJ 20/25/35/45 HCMOS Now Separate 1/0.
MCM62278 28 300 (J), 400 (WJ)SOJ 16/20/25/35 HCMOS 2Q94 Separate I/0.
256K 16Kx16 [ MCM62996 52 (FN)PLCC 12-5/15/20/25 HCMOS Now Choice of 5 V or 3.3 V power supplies for output
buffers. For wide bus applications.
32Kx8 [ MCM6206D 28 300 (J)SOJ/(P)DIP 12/15/20/25 HCMOS Now Replaces MCM6206C.
MCM6306D 28 300 (J)SOJ/(P)DIP 15/20/25/35 HCMOS 4Q94 Sampling 3Q94. First 3.3 V power supply.
32Kx9 [ MCM6205D 32 300 (J)SOJ 15/20/25 HCMOS Now Replaces MCM6205C.
64Kx4 | MCM6208C 24 300 (J)SOJ/(P)DIP 12/15/20/25 HCMOS Now
MCM6209C 28 300 (J)SOJ/(P)DIP 12/15/20/25 HCMOS Now Output enable access time = 6 ns.
64K 8Kx8 MCM6264C 28 300 (J)SOJ/(P)DIP 12/15/20/25/35 HCMOS Now Complementary chip enables.
8Kx9 MCM6265C 28 300 (J)SOJ/(P)DIP 12/15/20/25/35 HCMOS Now Complementary chip enables.
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FAST STATIC RAM MODULES (Contact Fast Static RAM Marketing for Custom Fast SRAM Modules)

Organi- Motorola Pin Access Time Tech— Pro—
Description zation Part Number Count Packaging (ns Max) nology duction Comments
PowerPC™ 32Kx72 | MCM72MS32 136 DIMM 50/66 MHz BiICMOS 2Q94 256KB Can be used in any PowerPC application
Cache Module ["64Kx72 | MCM72MS64 136 DIMM 50/66 MHz | BICMOS | 2Q94 512KB |
R4000 64Kx44 | MCM4464 Series 80 (SG)SIMM 12115117 BiICMOS Now 1MB cache using 4 modules, all Tag options available.
Cache MOdI,.Ile 256Kx44 | MCM44256 Series 80 (SG)SIMM 12/15117 BiICMOS Now 4MB cache using 4 modules, all Tag options available.
Standard 256Kx32 | MCM32257 64 2P 20/25/35 HCMOS Now Uses 1M Fast SRAMs, JEDEC standard.
FSRAM 128Kx32 | MCM32128 64 @)P 20/25/35 HCMOS Now | Industry standard x32 family.
Modules (SG) SIMM Now
64Kx32 MCM3264A 64 P4l 15/20 HCMOS Now Designed for 32-bit systems, JEDEC standard.
486 Cache 32Kx32 | MCM32A32 128 DIMM 33/50 MHz HCMOS Now 128KB e Compatible with Multiple 486 Chip Set;
Module with Opti, SIS, UMC, VLS|, and others.
Tag and 64Kx32 | MCM32A64 128 DIMM 3350 MHz | HCMOS Now 256KB | ® Compact Dual Readout SIMM.
Altered Bit @ Jumperless Cache Upgrade.
i486™ Cache 32Kx32 MCM32Ax32 12 Card Edge 25/33/50 MHz [ HCMOS Now 128KB © Complete cache solution for Intel
Module with x=tagbits 7,8, 9 Connector 82420 PCI Chip Set.
Tag (7,8, 0r9
bits), Valid, 64Kx32 | MCM32Ax64 112 Card Edge | 25/33/50 MHz | HCMOS Now 256KB
Altered Bit x=tagbits 7, 8, 9 Connector
128Kx32 | MCM32Ax128 112 Card Edge 25/33/50 MHz [ HCMOS 2Q94 512KB
x=tagbits 7,8,9 Connector
Pentium™ 32Kx64 | MCMB4AA32 136 DIMM 12115 HCMOSs 2Q94 256KB e 68 Pin SIMM Form Factor.
Secondary  [Tapi72 | MCM72BA32 136 DIMM | 50/60/66 MHz | BICMOS | 2Qe4 | 2s6kB | ®  Complete cache forintel 82430 PCI
Cache Module Chip Set.
64Kx72 | MCM72BA64 136 DIMM 50/60/66 MHz | BICMOS Now 512KB
32Kx64 | MCMB4AB32 160 Card Edge 12/15 HCMOS 2Q94 256KB e Complete cache for Intel 82430 PCI
Connector Chip Set.
32Kx72 | MCM72BB32 160 CadEdge | 60/66MHz | BICMOS | 294 | 25ekB | ® 160 Pin Card Edge
Connector
64Kx72 | MCM72BB64 160 Card Edge 60/66 MHz BiICMOS 2Q94 512KB
Connector
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Dynamic RAMs
Introduction

DRAMs offer the lowest cost per bit of any memory.
Because of this, they are popular for.a wide range of
applications, particularly in the computing environment.
Motorola’s Dynamic Memory Products include DRAM
components and memory modules including DRAM PC cards
and PCMCIA Flash cards. The 4 and 16 MByte DRAM
components are offered in various organizations and surface
mount packaging. Motorola's DRAM memory modules

include densities up to 64 MByte in both standard and custom
configurations. The 88-pin DRAM PC card conforms to
JEDEC/JEDIA standards, while the 68—pin Flash card is fully
PCMCIA compatible.

All devices are fabricated using HCMOS technology and
operate in a 5—volt power supply. However, specific DRAM
products are designed for use in either a 3.3 Volt or 5-Volt
power supply.

DRAM MODULES (Contact DRAM Marketing for Custom DRAM Modules)

Motorola Address Operating
Organi— Byte Part Pin Access Time Current Pro—
zation Density Number Count Packaging (ns Max) (mA Max) | duction :Comments
1Mx8 1MB MCM81000 30 (S), (AS), (LH). (L) 70/80 640/560 Now 30-pad SIMM package
MCM81430 30 (S), (L) 60/70 240/200 Now 30-pad SIMM package; 2-chip version
4Mx8 4MB MCM84000 30 (AS), (L) 60/70 960/800 Now 30-pad SIMM package
MCM84030 30 (LH) 60/70 960/800 Now 30-pad SIMM package; low height (0.52 in) version
16Mx8 16MB MCM81600 30 (8), (L) 60/70 960/800 Now 30-pad SIMM package
1Mx9 1MB MCM91000 30 (8), (AS,.(L), (LH), (SG) 70/80 720/630 Now 30--pad SIMM package for parity application
MCM91430 30 (S), (L), (SC) 60/70 330/280 Now 30-pad SIMM package for parity application; 3-chip
version
4Mx9 4MB MCM94000 30 (AS), (ASG), (LH), (SC) 60/70 1080/900 Now 30-pad SIMM package for parity application
MCM94030 30, L) 60/70 1080/900 Now 30-pad SIMM package for parity application; low
height (0.52 in) version
16Mx9 16MB MCM91600 30 (8), (8G) 60/70 810/720 Now 30-pad SIMM package for parity application
1Mx18 2MB MCM18100 72 (AS), (ASG) 60/70 240/220 Now 72—-pad SIMM package for 16 bit parity application
2Mx18 4MB MCM18200 72 (S), (8G) 60/70 672/572 Now 72—pad SIMM package for 16 bit parity application
4Mx18 8MB MCM18400 72 (AS), (ASG) 60/70 240/220 Now 72—pad SIMM package for 16 bit parity application
8Mx18 16MB MCM18800 72 (S), (SG) 60/70 732/612 Now 72—pad SIMM package for 16 bit parity application
1M x 32 4MB MCM32100D 72 (D), (DG) 60/70 960/800 Now Small outline DIMM package, 5 V
MCM32103D 72 (D), (DG) 80 480 Now Small outline DIMM package, 3.3 V
MCM32130 72 (SH), (SHG), (SSH) 60/70 960/800 Now 72-pad SIMM package
2M x 32 8MB MCM32230 72 (SH), (SHG) 60/70 976/816 Now 72-pad SIMM package
4Mx32 16MB MCM32400 72 (S), (SG) 60/70 960/800 Now 72—pad SIMM package
MCM32400D 72 (D), (DG) 60/70 720/640 Now Small outline DIMM package, 5 V, 4K refresh
MCM32410 72 (S), (SG) 60/70 3840/3200 Now Double-sided module using 4M DRAM
MCM32420D 72 (D), (DG) 60/70 800/680 Now MCM32400 small outline package, 5.0 V
8Mx32 32MB | MCM32800 72 (S), (SG) 6070 976/816 Now | 72-pad SIMM package
1Mx33 aMB | MCM33100 72 (), (5G) - 60770 1050/880 Now | MCM32100 with single bit parity
1Mx36 4MB MCM36100 72 (AS), (ASG), (ASH), 60/70 1320/1120 Now 72-pad SIMM package for parity application
(ASHG)
MCM36104 72 (8), (8G) 60/70 1080/900 Now 72-pad SIMM package for ECC, and parity
application
2Mx36 8MB MCM36200 72 (AS), (ASG) 60/70 1344/1144 Now 72-pad SIMM package for parity application
MCM36204 72 (S), (8G) 60/70 1098/918 Now 72-pad SIMM package for ECC, and parity
application
4Mx36 16MB MCM36400 72 (AS), (ASG), (ASH), 60/70 1440/1200 Now 72-pad SIMM package for parity application
(ASHG)
MCM36404 72 (SG) 60/70 810/720 Now ECC pinouts (4K refresh), for parity application
8Mx36 32MB MCM36800 72 (S), (8G) 60/70 1464/1224 Now 72-pad SIMM package for parity application
MCM36804 72 (SG) 60/70 828/738 Now ECC pinouts (4K refresh), for parity application
1Mx40 4MB MCM40100 72 (AS), (ASG) 60/70 1200/1000 Now 72—pad SIMM package for ECC application
for EDC
2Mx40 8MB MCM40200 72 (AS), (ASG) 60/70 1220/1020 Now 72—-pad SIMM package for ECC application
for EDC
4Mx40 16MB MCM40400 72 (8), (SG) 60/70 1200/1000 3Q94 Replaces MCM40420; Sampling 2H94
for EDC -
16MB MCM40420 72 (S), (SG) 60/70 1200/1000 Now 72~-pad SIMM for ECC application
for EDC
8Mx40 'SEMBC MCM40800 72 (S), (SG) 60/70 1220/1020 3Q94 | 72-pad SIMM for ECC application; Sampling 2H94
for ED(
1Mx64 8MB MCM64100 84 (D)IMM 60/70 4Q94 168-pad DIMM package
4Mx64 32MB MCM64400 84 (D)IMM 60/70 4Q94 168-pad DIMM package
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FLASH MODULES

Motorola Address Operating
Organi- Byte Part Pin Access Time Current Pro-
zation Density Number Count Packaging (ns Max) {mA Max) | duction Comments
512Kx32 2MB MCM29020 80 ) 90 240 2Q94 | JEDEC Standard FLASH SIMM
1Mx32 4MB MCM29040 80 ) 90 248 2Q94 | JEDEC Standard FLASH SIMM
2Mx32 8MB MCM29080 80 (S) 90 252 2Q94 - | JEDEC Standard FLASH SIMM

NOTE: Package suffixes are enclosed by ( ) in packaging column.

AS = SIMM (Board Revision)

ASG = Gold Pad SIMM (Board Revision)

ASH = Low Profile SIMM
ASHG = Low Profile Gold Pad SIMM

D/DG = Dual Inline Module/Dual Inline Gold Pad Module

L=8IP
LH = Low Height SIP
S =SIMM

DYNAMIC RAMs (HCMOS) (Contact DRAM Marketing)

SC = Industrial Temperature SIMM
SG = Gold Pad SIMM

SH = Short Height SIMM

SSH = Super Short Height SIMM
SHG = Short Height Gold Pad SIMM

Motorola Address Operating
Organi— Part Pin Packaging Access Time Current Pro—-
Density zation Number Count Package width in mils (ns Max) (mA Max) | duction Comments
e RO |3 TR eren e R e B A0
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MCM441 00B 20/26 60/70 110/100/90 Now Fast page mode cycle time = 40/45/50 ns
MCM4L4100B 20/26 60/70 110/100/90 Now Low power
MCM54100A 20, 20/26 300 SOJ, 300 (T)SOP 60/70 120/100 Now Fast page mode cycle time = 45/45 ns
MCM5L4100A 20, 20/26 300 SOJ, 300 (T)SOP 60/70 120/100 Now Low power
MCM54100A-C 26 300 SOJ 70/80 100/85 Now Industrial temp range (- 40° to + 85°C)
1Mx4 MCM444008 20/26 300 SO(J) 60/70 110/100/90 Now Fast page mode cycle time = 40/45/50 ns
MCM4L4400B 20/26 300 SO(J) 60/70 110/100/90 Now Low power
MCM54400A 26 300 SOJ(N), 300 (T)SOP 60/70 120/100/85 Now Fast page mode cycle time = 45/45 ns
MCMS5L4400A 26 300 SOJ(N), 300 (T)SOP 80/70 120/100/85 Now Low power
MCM54400A-C 26 300 SOJ 70/80 100/85 Now Industrial temp range (- 40 to + 85°C)
MCM54400A-V 26 300 SOJ(N), 300 (T)SOP 80 60 Now | 3.3 V Fast page mode cycle time = 50 ns
512Kx8 |- MCMB4800A 28 700 SO(J), 400 (T)SOP 70780 105/90 Now | Fast page mode cycle time = 45/50/60 ns
MCMS5L4800A 28 400 SO(J), 400 (T)SOP 70/80 105/90 Now | Low power
MCMS5V4800A 28 400 SO(J), 400 (T)SOP 70/80 105/90 Now Low power, self refresh
[ 256Kx16 | MCM54170B 40, 40744 | 400 SO(J), 400 (T)SOP' 70780710 75165 TBD | Fast page mode, 1 CAS, 2 W, 1K refresh
MCM5L4170B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 75/65 TBD Low power
MCM5V4170B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 75/65 TBD Low power, self refresh
MCM542608 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 100/85 Now Fast page mode, 2 CAS, 1 W, 512 refresh
MCM5L4260B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 100/85 Now Low power
MCM5V4260B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 100/85 Now Low power. self refresh
256Kx18 | MCM54190B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 75/65 TBD Fast page mode, 1 CAS, 2 W, 1K refresh
MCM5L4190B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 75/65 TBD Low power
MCM5V4190B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 75/65 TBD Low power, self refresh
MCM542808 40, 40/44 400 SO(J), 400 (T)SOP 70/80110 110/95 Now Fast page mode, 2 CAS, 1 W, 512 refresh
MCM5L4280B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 110/95 Now Low power
MCM5L.4280B 40, 40/44 400 SO(J), 400 (T)SOP 70/80/10 110/95 Now Low power, self refresh
16M 16Mx1 MCM516100 24/26 400 SO(J), 400 (T)SOP 60/70 90/80 Now 4K refresh
MCM5161008J 24/26 300 SO(J) 50/60/70 110/90/80 | 4Q94 | Narrow package
MCM516100BT 24/26 300 (T)SOP 50/60/70 110/90/80 4Q94 Narrow package
4Mx4 MCM516400 24/28 400 SO(J), 400 (T)SOP 60/70 90/80 Now 4K refresh, 12 row, 10 column
MCM517400 24/28 400 SO(J), 400 (T)SOP 60/70 120/100 Now 2K refresh, 11 row, 11 column
MCM516400B 24/26 300 SO(J), 300 (T)SOP 50/60/70 110/90/80 4Q94 | 4K refresh, 5 V/3.3 V, Fast Page Mode
MCM5174008 24/26 300 SO(J), 300 (T)SOP 50/60/70 140/130/110 4Q94 | 2K refresh, 5 V/3.3 V, Fast Page Mode
1Mx16 | MCM516160AJ 42 400 SOW) 60/70/80 95/80/70 3Q94 | 4K refresh, 12 row, 8 column
MCM516160AT 44/50 400 (T)SOP 60/70/80 95/80/70 3Q94 | 4K refresh
MCM518160AJ 42 400 SO() 70/80 140/120 3Q94 | 1K refresh, 5 V/3.3V, 10 row, 10 column
MCM518160AT 44/50 400 (T)SOP 70/80 140/120 3Q9o4 1K refresh, 5 V/3.3 V
1Mx18 | MCM516180AJ 42 400 SO(J) 60/70/80 105/90/80 4Q94 | 4K refresh, 12 row, 8 column
MCM516180AT 44/50 400 (T)SOP 60/70/80 105/90/80 4Q94 | 4K refresh
MCM518180AJ 42 400 SO(J) 70/80 150/130 4Q94 1K refresh, 5 V/3.3 V, 10 row, 10 column
MCM518180AT 44/50 400 (T)SOP 70/80 150/130 4Q94 1K refresh, 5 V/3.3 V
GENERAL MEMORY PRODUCTS (Contact DRAM Marketing)
Motorola Address Operating
Organi~ Part Pin Packaging Access Time Current Pro-
Density zation Number Count Package width in mils (ns Max) (mA Max) duction Comments
2K 256x8 MCM2814 8 300 (BP)DIP, 150 PSO(G) 100/200 10 Now Byte programmable serial EEPROM
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PCMCIA FLASH CARDS

Motorola

Address Operating
Byte Part Pin Access Time Current Pro—-
Density Number Count Packaging (ns Max) (mA Max) | duction Comments
iMB MCM29010E6 68 E 150 135 2Q94 | 68—pin PCMCIA Flash Memory Card, 5V
2MB MCM29020E6 68 E 150 135 2Q94 | 68—pin PCMCIA Flash Memory Card, 5 V
4MB MCM29040E6 68 E 150 135 2Q94 | 68-pin PCMCIA Flash Memory Card, 5 V
10MB MCM29100E6 68 E 150 135 2Q94 | 68—pin PCMCIA Fiash Memory Card, 5 V
DRAM MEMORY CARDS
Motorola Address Operating
Byte Organi- Part Pin Access Time Current Pro-
Density | zation Number Count Packaging (ns Max) {mA Max) | duction Comments
2MB 1Mx16 | MCM16100R8 88 R 60/70 528/444 Now 88-pin DRAM Memory Card
1Mx18 | MCM18100R8 88 R 60/70 715/609 Now 88-pin DRAM Memory Card for parity application
4MB 2Mx16 | MCM16200R8 88 R 60/70 744/635 Now 88~pin DRAM Memory Card
2Mx18 | MCM18200R8 88 R 60/70 744/635 Now 88-pin DRAM Memory Card for parity application
1Mx32 | MCM32100R8 88 R 60/70 1068/894 Now 88-pin DRAM Memory Card
1Mx36 | MCM36100R8 88 R 60/70 1393/1185 Now 88-pin DRAM Memory Card for parity application
8MB 2Mx32 | MCM32200R8 88 R 60/70 1084/910 Now 88-pin DRAM Memory Card
2Mx36 | MCM36200R8 88 R 60/70 1452/1238 Now 88-pin DRAM Memory Card

NOTE: Package suffixes are enclosed by ( ) in packaging column.

E =68 Pin PCMCIA Card

R =88 Pin JEDEC Card
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TTL, ECL, CMOS and

Special Logic Circuits

In Brief . ..

Since the inception of IC technology, Motorola has
earned a reputation as the supermarket for digital logic
circuits. Although early circuit designs such as RTL, DTL,
HTL, etc., have been largely supplanted by newer
techniques, Motorola’s reputation as a leading-edge
supplier of standard logic families remains unchallenged.

Motorola currently concentrates on supplying those logic
families and functions that advance the state—of-the-art as
well as serving the needs of designers requiring interface
circuits for more complex ICs and semicustom designs. It
does so with three technologies:

ECL (four unique families) for high speed
TTL (two families) for high performance at lower cost
CMOS (three families) for lowest power dissipation

This selector guide contains only devices in production at
Motorola’s Logic I.C. Division, accurate to the date of
publication.

There are numerous new devices introduced between
printings of the Master Selection Guide. Therefore, the Logic
Division publishes a selector guide on a quarterly basis. This
selector guide, SG366/D, can be ordered from your nearest
Motorola Sales Office or from the Motorola Literature
Distribution Center.

The Logic |.C. Division publishes a New Product Calendar
quarterly that reflects any recent device releases and the
approximate dates new devices are expected to be released.

There are many new devices in various stages of
development on Motorola’s Logic I.C. Division’s design
schedule. Call your nearest Motorola Sales Office for the
current status of any device not listed within this guide.
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Motorola Logic Families,
Which Is Best for You?

By Gary Tharalson, Motorola, Inc., Mesa, AZ

Selecting a logic family for a new design from today’s rap-
idly changing semiconductor technologies can be a perilous
task. There are huge ratios between the highest and lowest
values of several characteristics — for speed it’s 250:1, power
83,000:1, and output drive 24:1. With the many choices avail-
able, it is easy to under— or over—supply an application with
inadequate or excessive capabilities. The purpose of this
paper is to briefly describe the various technologies and
compare their performance differences.

Logic Families

Although many family technologies are available, they can
be divided into roughly three broad categories: transistor—to—
transistor logic (TTL), complementary metal-oxide semicon-
ductor (CMOS) technology, and emitter coupled logic (ECL).
TTL and ECL are bipolar technologies that differ in imple-
mentation techniques while CMOS (an MOS technology) dif-
fers in fundamental transistor structure and operation.

The designation “bipolar” refers to the basic component of
TTL ICs, the bipolar npn transistor. Since the output drivers
and the input buffers both use transistors, there is a direct tran-
sistor-to-transistor connection. Older technologies were
interconnected via passive components like resistors and
diodes.

_Since the original TTL design, several enhancements have
reduced power and increased speed. Common to these has
been the use of Schottky diodes, which, ironically, no longer
result in strictly TTL connections. The two names, Schottky
and TTL, are used in combination: LS (Low power Schottky),

TYPICAL OF ALL OUTPUTS

TTL | Vee

EQUIVALENT OF EACH INPUT
Vee -
Req OUTPUT

INPUT -

ALS (Advanced Low power Schottky), and National Semicon-
ductor’'s FAST (Advanced Schottky) TTL.

The outstanding characteristics of TTL compared to
CMOS in the past have been its higher speed, output drive,
and transistor gain. These advantages are rapidly diminish-
ing.

CMOS field—effect transistors differ from bipolar transistors
both in structure and operation. The primary advantages of
CMOS are its low power dissipation and small physical geom-
etry. Recent advances in design and fabrication have brought
CMOS devices into the same speed and output drive arena as
TTL. Again, enhancements have resulted in additional classi-
fications: MG (Metal-Gate CMOS), HC (High—speed silicon
gate CMOS), and National Semiconductor’s FACT (Advanced
CMOS).

ECL derives its name from the common differential-ampli-
fier configuration in which one side of the diff-amp consists of
multiple input bipolar transistors with their emitters tied
together. An input bias on the opposite side of the diff-amp
causes the amplifier to operate continuously, rather than satu-
rating high or low. Consequently, ECL consumes significant
power in either state but results in the fastest switching speeds
of all the logic families listed in the table, “Characteristics of
Logic Families.”

There have also been many evolutionary advancements in
ECL. Four of the most recent families are 100K (1975), 10H
(1981), and Motorola’s ECLinPS (1987) and ECLInPS Lite
(1992).
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Speed

Speed is typically the first specification designers look at.
When they are asked what features of a logic family they
would like enhanced, usually they want more speed. But
increased speed often brings potential problems, including
increased noise generation, higher power consumption,
increased component and system cost, and more difficult
board layout. Obviously, the other family characteristics must
be considered also.

In the table, family speed is compared using typical values
for three specs: propagation delay through a simple gate, flip—
flop toggle frequency, and output switching time. Typical val-
ues can be misleading because they are frequently specified
according to different vendors’ criteria, but they are usually an
average of minimum and maximum values.

For a final assessment of a particular component’s perfor-
mance, the minimum/maximum specifications in most ven-
dors’ data books should be examined. Furthermore, the
switching (edge) rate is highly load dependent. Once again,
data book specifics must be compared.

Power Consumption

The amount of power an application consumes and the
heatgenerated are frequently of prime importance. Power dis-

sipation, one of the major differences between the three fami-
lies, may limit the designer’s choices.

TTL power consumption is moderate and constant over
operating frequencies up to about 10 MHz. It then begins to
climb rapidly. Although only a few milliwatts are consumed by
each device, a complete system may use substantial power.

CMOS power consumption, on the other hand, is highly fre-
quency dependent. At quiescent (zero frequency), it con-
sumes almost no power at all, measured in microwatts per
device. However, its consumption grows almost linearly with
frequency, so at maximum operating frequency it may be sev-
eral milliwatts per device. The great power advantage of
CMOS derives from the fact that in most applications, most of
the devices will not be operating simultaneously at high fre-
quencies at any given time. Consequently, the average sys-
tem power is greatly diminished.

Because of its inherent design, ECL consumes the most
power at frequencies below about 30 MHz. However, at higher
frequencies, TTL and CMOS can consume more. The power
used by ECL is fairly constant over its entire operating fre-
quency range. Designers of large, high—performance ECL
systems may have to use more complex cooling and power
distribution techniques.
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Characteristics of Logic Families

Logic Families

. . TTL CMOS ECL
Typical Commercial
Parameter (0°C To +70°C) LS ALS | FAST MG HC | FACT 10H | 100K | ECLinPS**

Speed

OR gate propagation delay (tp| ) (ns) 9 7 3 65 8 5 1 0.75 0.33

D flip~flop toggle rate (MHz) 33 45 125 4 45 160 330 400 1,000

Output edge rate (ns) 6 3 2 50 4 2 1 0.7 0.5
Power Consumption Per Gate (mW)

Quiescent 5 1.2 12,5 0.0006 | 0.003 | 0.003 25 50 25

Operating (1 MHz) 5 1.2 125 0.04 0.6 " 0.8 25 50 25
Supply Voltage (V) +4.5 | +45 | +45 +3 +2 +2 -49 [ -42 [-49t0-55/

to to to to to to to to -42t0-4.8
+5.5 +5.5 +5.5 +18 +6 +6 ~55 | —-4.8
Output Drive (mA) 8 8 20 1 4 24 50-Q | 50-Q 50-Q
load load load

DC Noise Margin (%)*

High Input 22 22 22 30 30 30 27 41 28/41

Low Input 10 10 10 30 30 30 31 31 31/31
Packaging

DIP Yes Yes Yes Yes Yes Yes Yes Yes No

SO Yes Yes Yes Yes Yes Yes No No No

PLCC No Yes Yes No No Yes Yes No Yes
Functional Device Types 157 195} 103 104 122 144 93 44+ 74
Relative 1-25 Quantity Price/Gate 1 1 1 1 1.2 1.2 2 10 28

*Typical noise margin expressed as a percentage of typical output voltage swing.

**ECLinPS and ECLInPS Lite are available in both 10H- and 100K—compatible versions.

TEstimates

Manufacturers Referenced:

{LS) Motorola Low power Schottky TTL
(ALS) Texas Instruments Advanced Low
(FAST) Motorola Advanced Schottky TTL

(MG) Motorola 14000 Series Metal Gate CMOS

(HC) Motorola High-speed silicon gate CMOS
(FACT) Motorola Advanced CMOS

(10H) Motorola 10H Series ECL

(100K) National 100K Series ECL
(ECLinPS/Lite) Motorola advanced ECL

ECL

Ac-
INPUTS é

B!

OUTPUT

VEg ©

—© AeB
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Supply Voltage

The power supply voltage required for TTL and ECL is
restricted to fixed values. Only a narrow voltage variation is
allowed for the device to remain within specifications. Since
these families also consume substantial amounts of power,
there is a large current flow through the power lines.

To avoid unacceptable voltage fluctuation, various preven-
tive measures may be necessary, such as remote sensing of
the supply regulator, heavy power buses and filters, and multi-
layer pc boards with separate power and ground planes. Typi-
cally, a high-speed energy—storage capacitor is required near
each logic device. That capacitor maintains the correct device
voltage during high current switching.

Animportant advantage of CMOS is the large range of sup-
ply voltage over which operation is specified, particularly at
lower values. By allowing systems to be operated at voltages
as low as 2 to 3V, not only is power consumption lowered but
noise generation from fast signal switching is reduced. In simi-
lar fashion, the narrow switching level swings of ECL (about
800 mV) helps to moderate its noise generation.

Output Drive

An important characteristic of a logic device is its ability to
drive relatively large loads directly. This eliminates the require-
ment for special interface buffers. The older families within
TTL and especially CMOS had only limited drive capability
(below 10mA). All of the advanced logic family versions have
significantly increased drive capacity. Several (FACT and all
ECL) are capable of driving 50—-Q transmission lines directly.
Furthermore, because of the symmetrical sink/source capa-
bility of FACT, its rise and fall times are nearly equal, resulting
in balanced delay times.

Noise Margin

Noise immunity refers to the resistance of a logic device to
undesired switching. Depending on the input level, a noise
glitch that causes a transient large enough to cross the input
switch point can result in erroneous operation. Clearly, the
larger the voltage difference between the switch point and the
normal input high and low levels, the more the immunity to
erroneous switching. In the table, these differences are
expressed as a percentage of the swing between typical out-
put high— and low-voltage logic levels.

The venerable dual-in—line package (DIP) has been, and
still is, very popular. One reason is the ease with which proto-
type circuits using it can be fabricated and debugged. Particu-
larly prominent is that an industry standard pinout arrange-
ment, which puts power and ground on the end pins, has been

adopted for all the TTL and CMOS families in the accompany-
ing table.

Package Standardization

This standard package not only eases design procedures
but also simplifies final production testing. This same stan-
dardization has been carried over to the new small-outline
(SO) package for surface mounting. The SO package aver-
ages about 70% smaller in footprint than a DIP.

Fast switching of several outputs simultaneously (such as
on an octal interface device) may result in a phenomenon
called “ground bounce” voltage. This results partially from
ground path current flow through internal lead inductance, and
from the interaction between internal input and output ground
paths.

Although present ground bounce voltage is well below
CMOS trigger levels, TTL input devices may require special
consideration. A number of approaches to internal circuit and
package design have been developed to reduce ground cur-
rent effects. Indications are that ground bounce will soon be
reduced to nominal levels.

More Devices, Less Space

Lower product costs can result from packing more logic
devices into less pc board space and then using automation to
assemble and test the product. This opportunity is vastly
enhanced by the ability of present technology to supply thou-
sands of identical surface—-mounting packages on a single
large tape—and-reel for high-speed pick-and-place
machines. A user’s package preference — SO or PLCC —is
dictated mainly by the available production assembly capabili-
ties.

Package material has also benefited from improvements in
manufacturing technology. Thus, the majority of packages
that are shipped today (for commercial applications) are
constructed from relatively inexpensive plastic material.

Mix and Match

Many designers have found that the best approach to
achieving their particular application performance goal is to
combine devices from several families. This is especially easy
inthe TTL and CMOS families because of their industry—stan-
dard pinouts, particularly for power and ground.

The obvious advantage of mixing and matching is to opti-
mize the requirements of selected portions of a design,
whether for speed, power consumption, output drive, or cost.
Some disadvantages are that devices must be analyzed and
tested for compatibility, inventories may increase, and some
performance parameters may be compromised.
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Selection by Function
Special Logic Circuits

ALExIS — Advance Low—Power Expandable Interface Solutions

L Function Device Family
Buffer
20-Bit Buffer (3-State, Inverting) MC20LX240 BiCMOS
20-Bit Buffer (3-State, Non~Inverting) MC20LX244 BiCMOS
Flip—Flop

IZO—Bii D Type Flip—Flop (3-State, Non—Inverting) MC20LX374 BiCMOS j
Transceiver
16-Bit Latching Transceiver (3-State, Non—Inverting)t MC16LX543 BiCMOS
16-Bit Transceiver/Registered Transceiver W/ Multiplexed Outputs (3-State, MC16LX646 BiCMOS
Non-Inverting)t
20-Bit Transceiver (3—State, Non-Inverting) MC20LX245 BiCMOS
Register

I 1616-Bit Bidirectional Register With Clock Enable (3-State, Non-Inverting) MC16LX952 BiCMOS 1
Latch
18-Bit Transparent Latch With Preset and Reset (3-State, Non-Inverting) MC18LX843 BiCMOS
20-Bit Transparent Latch (3—State, Non-Inverting) MC20LX373 BiCMOS
Timing Solutions

L Function Device Family —I
Clock Drivers
1:2 Differential Clock Driver MC10/100EL11 ECLInPS Lite
1:6 Differential Clock Distribution Chip MC10/100E211 ECLinPS
1:8 PECL/TTL to TTL Clock Distribution Chip MC10/100H646 | MECL 10H
1:9 Differential Clock Driver With Low Skew, Enable, Vpp MC10/100E111 ECLinPS
1:9 TTL-TTL Clock Distribution Chip MC10H645 MECL 10H
68030/040 PECL/TTL-TTL Clock Driver (Single @ 5.0 V) MC10/100H640 | MECL 10H
68030/040 PECL/TTL-TTL Clock Driver (Similar to H640) MC10/100H642 MECL 10H
68030/040 PECL/TTL-TTL Clock Driver MC10/100H644 MECL 10H
Clock Driver, Quad D-Type Flip~Flop, With Matched Propagation Delays MC74F1803 FAST
Clock Driver, Quad D-Type Flip~Flop, With Matched Propagation Delays MC74F803 FAST
Dual Supply ECL/TTL 1:8 Clock Driver MC10/100H643 . | MECL 10H
Low Skew CMOS Clock Driver MC88913 CMOS
Low Skew CMOS Clock Driver With Reset MC88914 CMOS
55MHz Low Skew CMOS PLL Clock Driver MC88915*55 CMOs
70MHz Low Skew CMOS PLL Clock Driver MC88915*70 CMOS
55MHz Low Skew CMOS PLL Clock Driver, 3-State MC88915T*55 CMOSs
70MHz Low Skew CMOS PLL Clock Driver, 3-State MC88915T*70 CMOS
100MHz Low Skew CMOS PLL Clock Driver, 3-State MC88915T*100 CMOS

+ = New Device
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Timing Solutions (continued)

[ Function Device Family J
Clock Drivers
133MHz Low Skew CMOS PLL Clock Driver, 3-Statet MC88915T*133 | CMOS
160MHz Low Skew CMOS PLL Clock Driver, 3-Statet MC88915T*160 | CMOS
70MHz Low Skew CMOS PLL Clock Driver With Processor Reset MC88916*70 CMOS
80MHz Low Skew CMOS PLL Clock Driver With Processor Reset MC88916*80 CMOS
50MHz Low Skew CMOS PLL Clock Driver With Power—Up/Power-Down MC88920 CMOS
66MHz Low Skew CMOS PLL Clock Driver With Power—Up/Power-Down't MC88921 CMOS
Single Supply PECL/TTL 1:9 Clock Distribution Chip MC10/100H641 MECL 10H
Programmable Delay Chips
Programmable Delay Chip (Dig. 20ps Anal. Ps/mv) MC10/100E196 MECL
Programmable Delay Chip (Digitally Selectable 20ps Res.) MC10/100E195 MECL

+ = New Device

Translators

Function Device Family
9-Bit ECL-TTL Translator MC10/100H601 MECL 10H
9-Bit Latch/ECL-TTL Translator MC10/100H603 MECL 10H
9-Bit Latch/TTL-ECL Translator MC10/100H602 | MECL 10H
9-Bit TTL—ECL Translator MC10/100H600 | MECL 10H
ECL-to—TTL Translator (Single P.S. @+ 5.0V) MC10H350 MECL 10H
Hex MECL 10K—-to-MST Translator MC10191 MECL 10K
Hex TTL OR CMOS to CMOS Hex Level Shifter MC14504B CMOS
Quad CMOS-to—ECL Translator (Single P.S. @+ 5.0V) MC10H352 MECL 10H
Quad MECL~to-TTL Translator MC10H125 MECL 10H
Quad MECL-to—TTL Translator MC10125 MECL 10K
Quad MST—to-MECL 10K Translator MC10190 MECL 10K
Quad TTL/NMOS—to—PECL Translator (Single P.S. @+ 5.0V) MC10H351 MECL 10H
Quad TTL-to-MECL Translator, With TTL Strobe Input MC10H124 MECL 10H
Quad TTL-to-ECL Translator (ECL Strobe) MC10H424 MECL 10H
Quad TTL-to-MECL Translator MC10124 MECL 10K
Triple MECL-to—-NMOS Translator MC10177 MECL 10K
Registered Hex TTL/ECL Translator MC10/100H604 MECL 10H
Registered Hex ECL/TTL Translator MC10/100H605 MECL 10H
Registered Hex TTL/PECL Translator MC10/100H606 MECL 10H
Registered Hex PECL/TTL Translator MC10/100H607 MECL 10H
Differential ECL—to—TTL Translatorf MC10/100ELT25 | ECLinPS Lite

F = New Device
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CBM

Function Device Family
Carrier Band Modem MC68194 MECL
' SCSI Bus Terminator
Function Device Family
9-Bit Switchable Passive SCSI Bus Terminator (220 to 330Q) MCCS142233 CMOS
9-Bit Switchable Active SCSI Bus Terminator (1109) MCCS142234 CMOS
18-Bit Active SCSI Bus Terminator (Also Available in 32—Pin QFP Package) MCCS142235 CMOS
Memory Support
Function Device Family
Quad Dual Output ECL-TTL DRAM Driver With Latch MC10/100H660 | MECL 10H
Industrial Control Unit
Function Device Family
Industrial Control Unit MC14500B CMOS
Bounce Eliminator
Function Devk;e Family
Hex Contact Bounce Eliminator MC14490 CMOSs
Phése—Locked 'Loop
L Function Device Temperature Rang:l
Prescalers )
1.1GHz +2 Low Power Prescaler with Stand-By Mode MC12083 —40° to +85°C
1.1GHz +256 Prescaler MC12074 0° to +70°C
1.1GHz +32/33, +64/65 Dual Modulus Prescaler MC12028A ~40° to +85°C
1.1GHz +32/33, +64/65 Dual Modulus Prescaler MC12028B ~40° to +85°C
'| 1.1GHz +64 Prescaler MC12073 0° to +70°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler MC12022A —40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler MC12022B —40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler MC12022SLA —40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler MC12022SLB —40° to +85°C
1.1GHZ +64/65, +128/129 Dual Modulus Prescaler MC12022TSA —40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler MC12022TSB -40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler with Stand-By Mode MC12036A —40° to +85°C
1.1GHz +64/65, +128/129 Dual Modulus Prescaler with Stand-By Mode MC12036B ~40° to +85°C
1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12022LVA —40° to +85°C
1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12022LvB —40° to +85°C
1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12022TVA -40° to +85°C
1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12022TVB —40° to +85°C
1.3GHz +256 Prescaler MC12076 0° to +85°C
1.8GHz +256 Prescaler MC12078 0° to +85°C
2.0GHz +32/33, +64/65 Dual Modulus Prescaler MC12034A —40° to +85°C
2.0GHz +32/33, +64/65 Dual Modulus Prescaler MC12034B —40° to +85°C
2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler MC12033A —40° to +85°C
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Phase-Locked Loop (continued)

Function Device Temperature Range
2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler MC12033B —40° to +85°C
2.0GHz +64/65, +128/129 Dual Modulus Prescaler MC12032A —40° to +85°C
2.0GHz +64/65, +128/129 Dual Modulus Prescaler MC12032B —40° to +85°C
2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12031A —40° to +85°C
2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler MC12031B —40° to +85°C
225MHz +20/21 Dual Modulus Prescaler MC12019 —40° to +85°C
225MHz +32/33 Dual Modulus Prescaler MC12015 —40° to +85°C
225MHz +40/41 Dual Modulus Prescaler MC12016 —-40° to +85°C
225MHz +64 Prescaler MC12023 0°to +75°C
225MHz +64/65 Dual Modulus Prescaler MC12017 —40° to +85°C
480MHz +5/6 Dual Modulus Prescaler MC12009 —-30° to +85°C
520MHz +128/129 Dual Modulus Prescaler MC12018 —40° to +85°C
520MHz +64/65 Dual Modulus Prescaler MC12025 —40° to +85°C
550MHz +10/11 Dual Modulus Prescaler MC12013 -30° to +85°C
550MHz +8/9 Dual Modulus Prescaler MC12011 —30° to +85°C
750MHz +2 UHF Prescaler MC12090 0°to +75°C
2.8GHz +64/128 Low Power Prescalert MC12089 -30° to +85°C
Oscillators
Crystal Oscillator MC12061 0°to +75°C
Low Power Voltage Controlled Oscillator MC12148 —40° to +85°C
Mixer
Analog Mixer MC12002 ~30° to +85°C J
Detectors
Phase-Frequency Detector MC4044 0° to +75°C
Phase—Frequency Detector MC4344 —55° to +125°C
Phase-Frequency Detector MC12040 0° to +75°C
Phase—Frequency Detector MCH12140 —40° to +70°C
Phase—Frequency Detector MCK12140 —40° to +70°C
Phase-Locked Loop
Phase—Locked Loop MC14046B -55° to +125°C J
Counters
Counter Control Logic MC12014 0°to +75°C
Phase Comparator and Programmable Counter MC14568B -55° to +125°C
Programmable Modulo—N Counters (N=0-9) MC4016 0° to +75°C
Programmable Modulo—-N Counters (N=0-9) MC4018 0° to +75°C
Programmable Modulo—N Counters (N=0-9) MC4316 -55° to +125°C
Multivibrators
130MHz Voltage Controlled Multivibrator MC12101 0°to +75°C
200 MHz Voltage Controlled Multivibrator MC12100 0° to +75°C
Dual Voltage—Controlled Multivibrator MC4024 0°to +75°C
Dual Voltage—Controlled Multivibrator MC4324 -55° to +125°C
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Selection by Function

Cross—Functional Table

TTL CMmos MECL
High ECLinPS
Function LS - FAST STD Speed | FACT 10K 10H E-Lite
AND Gates
Quad 2-Input 08 08 081 08A 08 104 104
Quad 2-Input, Open—Collector 09
Triple 3~Input 11 1 073 " 1"
Triple 3—input, Open—Collector 15
Dual 4—Input 21 21 082
Hex 197
NAND Gates
Quad 2-Input 00 00 oM 00A 00
Quad 2-Input, Open-Collector 01
Quad 2-Input, Open—Collector 03 03A
Quad 2-Input, High-Voltage 26
Quad 2-Input Buffer 37 37
Quad 2-Input Buffer, Open—Collector 38 38
13-Input 133 133
Triple 3—Input 10 10 023 10 10
Triple 3-Input, Open—Collector 12
Dual 4-Input 20 20 012 20 20
Dual 4-Input, Open—Collector - 22
Dual 4-Input Buffer 40 40 )
8-Input 30 068 30
OR Gates
Quad 2-Input 32 32 071 32A 32 103 103
Dual 3—Input 3—-Output ) 110
High—Speed Dual 3—Input 3-Output 210 210
Triple 3—Input 075 4075
Dual 4-Input 072
NOR Gates
Quad 2-Input 02 02 001 02A 02 102 102
Quad 2-Input Buffer 28
| Quad 2-Input Buffer, Open—Collector 33
Dual 5-Input 260
Triple 3-Input 27 025 27
Quad 2-Input With Strobe ' ' 100 100
Triple 4-3-3 Input 106 106
Dual 3-Input 3-Output m
High—Speed Dual 3-Input 3-Output 211 21
Dual 3-Input, Plus Inverter 000
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Cross—Functional Table (continued)

TTL CMOS MECL

High ECLIinPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite

NOR Gates (continued)
Dual 4-Input 002 4002
8~Input 078

Exclusive OR Gates
Quad 2—-Input 86 86 070 86 86 113 113
Quad 2-Input 386
Quad, Open—Collector 136

Exclusive NOR Gates
Quad, 2-Input Open Drain Output 266 077
Quad, 2-Input 7266 810

Complex Gates
Quad OR/NOR 101 101
Triple 2-3-2 Input OR/NOR 105 105
Triple 2-Input Exclusive OR/Exclusive NOR 107 107
Dual 4-5 Input OR/NOR 109 109
Dual 4-5 Input OR/NOR 209
Dual 2-Wide 2-3 Input OR—AND/OR-AND-Invert 117 117
Dual 2-Wide 3-Input OR-AND 18 118
4-Wide 4-3-3-3 Input OR-AND Gate 119 119
OR-AND/OR-AND-INVERT Gate 121 121
High-Speed Dual 3—Input 3-Output OR/NOR 212
Dual 4-Input OR/NOR ]
Dual AND-OR-INVERT Gate 51 51 506 51
3-2-2-3 Input AND-OR-INVERT Gate 54
2-Wide and 4-Input AND-OR-INVERT Gate 55
4-2-2-3 Input AND-OR-INVERT Gate 64

Triple Gate (Dual 4-Input NAND Gate and 2-Input 501
NOR/OR Gate or 8—Input AND/NAND Gate)

4-Bit AND/OR Selector (Quad 2—-Channel Data 519
Selector or Quad Exclusive NOR Gate)

Dual 5-Input Majority Logic Gate 530

Hex Gate (Quad Inverter plus 2—input NOR Gate plus 572
2-Input NAND Gate)

2-Wide, 2-Input/2-Wide, 3-Input AND-OR Gate 58

Quint 2—Input AND-OR E104
ELO4

Quint 2-Input XOR-OR E107
ELO7

Quad Differential AND-NAND E404
ELO5
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Cross-Functional Table (continued)

Function

CMOs

MECL

LS

FAST

STD

High
Speed

ECLinPS

FACT 10K 10H E-Lite

Complex Gates (continued)

Quad 4-Input OR-NOR

E101
ELO1

8-Input OR-NOR

4078

Inverters/Buffers (2-State)

Hex Inverter

04

04

069

04A

04

Hex Inverter, Open—Collector

05

05

Dual Complementary Pair Plus Inverter

007

Hex Buffer, Non—Inverting

050

4050

Strobed Hex Inverter/Buffer

502

Hex Buffer With Enable

188 188

Hex Inverter With Enable

189 189

Hex Inverter/Buffer

049

4049

195

Hex Unbuffered Inverter

49U

uo4

9-Bit Buffer

E122

Quad Driver

E112
EL12

Translators

Quad TTL to MECL, TTL Strobe

124 124

Quad TTL to MECL, ECL Strobe

424

Differential ECL to TTL Translator

ELT25

Quad MECL to TTL

125 125

Quad PECL to TTL, Single Supply

350

Quad TTL/NMOS to PECL

351

Quad CMOS to PECL

352

TTL or CMOS to CMOS Hex Level Shifter

504

Quad MST-to-MECL 10,000

190

Hex MECL 10K to MST Translator

191

9-Bit TTL-ECL Translator

600

9-Bit ECL-TTL Translator

601

9-Bit Latch/TTL-ECL Translator

602

|| 9-Bit Latch/ECL-TTL Translator

603

Registered Hex ECL-TTL Translator

605

Registered Hex PECL-TTL Translator

Bus-Oriented 3-State Circuits

Quad Buffer, Low Enable, 3-State

125A

125

125A

125

Quad Buffer, High Enable, 3—State

126A

126

126A

126

Octal Bus/Line Driver, Inverting, 3-State

240

240

240

240

Octal Bus/Line Driver, 3-State

241

241

241

241

Quad Bus Transceiver, Inverting 3-State

242

242

242

Motorola Master Selection Guide Rev 7

3.1-13

TTL, ECL, CMOS and Special Logic Circuits




Cross—Functional Table (continued)

TTL CMOS MECL
High ECLinPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite
Quad Bus Transceiver, Noninverting, 3-State 243 243
Bus—-Oriented 3—-State Circuits (continued)
Octal Driver, Noninverting, 3-State 244 244 244A 244
Octal Bus Transceiver, Noninverting, 3-State 245 245 245A 245
Hex Buffer, Common Enable, 3-State 365A 365 365
Hex Inverter, Common Enable, 3—State 366A 366 366
Hex Buffer, 4-Bit and 2-Bit, 3—State 367A 367 503 367
Hex Inverter. 4-Bit and 2-Bit, 3-State 368A 368 368
Octal Buffer (81LS95), 3—State 795
Octal Buffer (81LS96), 3—State 796
Octal Buffer (81LS97), 3-State 797
Octal Buffer (81LS98), 3—State 798
Octal Buffer/Line Driver, 3-State 540 540 540
Octal Buffer/Line Driver, 3-State 541 541 541
Octal Bus Transceiver, Inverting, 3-State 640 640 640A 640
Octal Bus Transceiver, Noninverting, 3—State 645
Octal Transceiver With Storage, 3—State 623 623
Octal Transceiver/Latch/Multiplexer. Noninverting, 646 646 646
3-State
Octal Transceiver/Latch/Multiplexer. Inverting, 3-State 648 648
Dual Latching Bus Driver 128
Octal Bidirectional Transceiver With 3—State Outputs 620
623
643
Octal Bus Transceiver/Register Non—Inverting With 652
3-State Outputs
Octal Registered Transceiver Non—Inverting, With 543
3-State Outputs
Octal Registered Transceiver Inverting, With 544
3-State Outputs
Octal Bus Transceiver/inverting, With 3-State Outputs 620
Octal Bus Transceiver With Parity Generator Checker, 657A
With 3-State Outputs 657B
Octal Bus Transceiver, Lite Load F245, With 1245
3-State Outputs
10-Bit Buffer/Line Driver (Non—Inverting), 827
With 3—State Outputs
10-Bit Buffer/Line Driver (Inverting), 828
With 3—State Outputs
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Cross—Functional Table (continued)

TTL CMOs MECL

High ECLinPS
Function ' LS FAST STD Speed | FACT 10K 10H |. E-Lite

Bus Drivers (25Q Outputs)
Triple 4-3-3 Input 123 123

Quad Driver/Receiver With 2-1 Output Multiplexer 330

Dual Driver/Receiver With 4~to~1 Output Multiplexers 332

Quad Driver/Receiver With Transmit 334
and Receiver Latches

Triple 3-Input Driver With Enable 423

3-Bit Registered Transceiver E336

3-Bit Scannable Registered Transceiver E337

Transceivers

Octal Bus, Noninverting, Open—Collector 641

Octal Bus, Inverting, Open—Collector 642
Quad Futurebus Backplane, 3-State, Open—Collector 3893A
Quad TTL-ECL 25Q Bus Transceiver 680
6-Bit 50Q ECL-TTL Transceiver 681

Schmitt Triggers
Quad 2—-Input NAND 132 132 093 132A 132
Dual 583
Dual 4—-input ) 13 13

Hex 14 14 584 14A 14
106

Latches
4-Bit Bi-Stable Latch With Q and Q 75 042 75
4-Bit Bi-Stable Latch 77
Octal Transparent Latch, 3-State, Noninverting 373 373 373A 373
Quad Latch 375 168
Quad NAND R-S Latch 279 044
8-Bit Addressable Latch (9334) 259 259 099 259 259
Dual 4-Bit Addressable Latch 256 256 256

Octal Transparent Latch, 3-State 573 573
563 563

Octal Transparent Latch, 3-State, Inverting 533 533

Dual Latch 130 130

Quad (Negative Transition) Latch 133

Quad (Positive Transition) Latch 153
Quint Latch 175 175
Quad NOR R-S Latch 043
Dual 4-Bit Latch 508

8-Bit, Bus-Compatible, 3-State Latches, 598
Binary Address

8-Bit Addressable Latch With Bidirectional Port 599
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Cross—Functional Table (continued)

TTL CMOS MECL
High ECLinPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite
Latches (continued)
6-Bit D E150
9-Bit With Parity E175
3-Bit, 4:1 MUX E256
3-Bit, 4:1 MUX E156
5-Bit, 2:1 MUX E154
6-Bit, 2:1 MUX E155
Flip—Flops/Registers
Dual J-K 73A 027 73
Dual D 74A 74 013 74A 74 131 131
Dual J-K With Set and Reset 76A 135 135
Dual J-K With Preset 109A 109 109 109
Dual J-K With Clear 107A 107
Dual J-K Edge—Triggered 112A 112 112 112
Dual J-K Edge—Triggered 113A 113
Dual J-K Edge—Triggered 114A
4-Bit D Register, 3-State 173 076 173
Hex D With Clear 174 174 174 174A 174
Hex D With Enable 378 378 378
Quad D With Clear 175 175 175 175 175
Octal D With Clear 273 273A 278
Octal D, 3—State 374 374 374A 374
Octal D With Enable 377 377 377
4-Bit D With Enable 379 379
Hex D 176 176
Hex D Master—Slave With Reset 186 186
Octal D, Inverting, 3-State 564 564
Octal D, 3—-State 574 574A 574
High-Speed Dual Type D Master—Slave 231
Octal D Flip-Flop, 3-State 534 534A 534
3-Bit Differential D Flip—Flop E431
4-Bit D Flip—Flop E131
EL31
6-Bit D Register E151
EL51
6-Bit D Register, Differential Data and Clock E451
6-Bit, 2:1 MUX Register E167

1 = New Device
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Cross-Functional Table (continued)

TTL CMOS MECL
High ECLInPS

Function LS FAST STD Speed | FACT 10K 10H E-Lite
Flip—Flops/Registers (continued)
5-Bit Differential D Register E452

EL52

9-Bit Hold Register ' E143
J-K Flip—Flop EL35
Counters
Decade 90
Divide~By—12 92
4~-Bit Binary 93 154
Decade, Asynchronously Presettable 196
4-Bit Binary, Asynchronously Presettable 197
BCD Decade, Asynchronously Reset 160A 160A 160 160 160
4-Bit Binary, Asynchronous Reset 161A 161A 161 161A 161 178 016
BCD Decade, Synchronous Reset 162A 162A 162 162 162
4-Bit Binary, Synchronous Reset 163A 163A 163 163A 163
Up/Down Decade, With Clear 192 510
Up/Down Binary, With Clear 193 516
Up/Down Decade 190 190
Up/Down Binary 191 029 136 136
Decade (Divide By 2 and 5) 290 138
4-Bit Binary 293
Dual Decade 390 518 390
Dual 4-Bit Binary 393 520 393
Dual Decade . 490
Decade Up/Down, 3-State 568
Binary Up/Down, 3-State 569A 569
Synchronous 4-Bit Up/Down Binary 669
Up/Down Decade 168 168
Up/Down Binary 169 169
Programmable Decade 522
Programmable Binary 526
Universal Decade BCD 137
Seven-Stage Ripple Counter 024 4024
Decade Counter/Divider 017 4017
Presentable Divide—-by—-N 018
14-Bit Binary Counter/Divider 060 4060
12-Bit Binary 040 4040 4040
14-Bit Binary 020 4020 4020
Octal Counter/Divider 022
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Cross—Functional Table (continued)

Function

TTL

CMOS

MECL

LS

FAST

STD

High
Speed

ECLiInPS

FACT 10K 10H E-Lite

Counters (continued)

Dual Programmable BCD/Binary

569

Three-Digit BCD

553

Real Time 5-Decade

534

8-Bit Bidirectional Binary Counter,
With 3-State Outputs

579
779

Industrial Time Base Generator

566

8-Bit Synchronous Binary Up Counter

EO16

6-Bit Universal Counter

E136

8-Bit Ripple Counter

E137

8-Bit Bidirectional Binary Counter

269

Register Files

4 x 4 Register File, Open—Collector

170

4 x 4 Register File, 3-State

670

16 X 4-Bit Register File

145 145

Shift Registers

8-Bit Serial-In/Parallel-Out Shift Register

164

164

8-Bit Parallel-In/Serial-Out Shift Register

165

021

165

4-Bit Shift Register

958

8-Bit Parallel-In/Serial-Out Shift Register

166

014

4-Bit Shift Register

195A

195

195

4-Bit Universal Shift Register

194A

194

194

194

194 141 141

8-Bit Shift/Storage Register, 3-State

299

299

094

299

299

8-Bit Shift Register With Sign Extend, 3—-State

322A

8-Bit Shift/Storage Register, 3-State

323

323

323

4-Bit Shift Register, 3-State

395

4-Bit Shifter, With 3—State Outputs

350

350

18-Bit Static Shift Register

006

1-to—64 Bit Variable Length Shift Register

557

Dual 64-Bit Static Shift Register

517

4-Bit Parallel-In/Parallel-Out Shift Register

035

Dual 4-Bit Static Shift Register

015

128-Bit Static Shift Register

562

8-Bit Parallel to Serial S.R. With Input Latches,
3-State

589

8-Bit Serial to Parallel S.R. 3-State

595A

8-Bit Parallel to Serial S.R. With Input Latches

597

8-Bit Shift Register

E141

9-Bit Shift Register

E142
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Cross-Functional Table (continued)

TTL CMOSs MECL
High ECLinPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite
Shift Registers (continued) o
8-Bit Scannable Register ; E241
3-Bit Scannable Registered Address Driver E212
8-Bit Successive Approximation Register . 549
559
Multiplexers/Data Selectors .
Quad 2-Input Multiplexer, Non-Inverting ) 157 157A 519 157A 157 158 158
Quad 2-Input Multiplexer, Inverting 158 158A 158 159 159
Quad 2-Input Multiplexer, Non~Inverting, 3-State 1 257B 257A 257 257
Quad 2-Input Multiplexer, Inverting, 3-State 258B 258A 258
Quad 2-Multiplexer, With Output Register 298 173 173
Dual 4-Input Multiplexer 153 153 539 153 153 174 174
Dual 4-input Multiplexer, 3—State 253 253 253 | 253
8~Input Multiplexer 151 151 ' 151 151 164 164
8-Input Multiplexer, 3-State 251 251 512 251 251
Dual 4—Input Multiplexer (Inverting LS153) 352 352 352
Dual 4~Input Multiplexer (3-State LS352) 353 353 353
QUAD 2-Input Multiplexer With Output Register 398 398
Quad 2-Input Multiplexer With Output Register 399 399
Dual Multiplexer With Latch and Common Reset 132
Dual Multiplexer With Latch 134
Quad Analog Switch/Quad Multiplexer . 016 4016
4316
Quad Analog Switch/Quad Multiplexer 066 4066
Triple 2-Channel Analog Multiplexer/Demultiplexer 053 4053
4353
Dual 4-Channel Analog Multiplexer/Demultiplexer 052 4052
Dual 4-Channel Analog Data Selector 529
Quad 2-Input Analog Multiplexer/Demultiplexer 551
8-Channel Analog Multiplexer/Demultiplexer 051 4051
4351
16-Channel Analog Multiplexer/Demultiplexer 067
4~to~16 Decoder 154
Quad 2:1 Multiplexer E157
EL57
5-Bit 2:1 Multiplexer - [ | E158
EL58
3-Bit 4:1 Multiplexer E171
2-Bit 8:1 Multiplexer o E163
16:1 Multiplexer E164
Triple Differential 2:1 Multiplexer E457
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Cross—Functional Table (continued)

TTL [o1 " [o1] MECL
High ECLInPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite
Decoders/Demultiplexers
Dual 1-of—4 Decoder/Demultiplexer 139 139 139A 139
Dual 1-of—4 Decoder (Low) 155 ' 556 : 171 171
Dual 1—of-4 Decoder, Open-Collector 156
1-o0f-10 Decoder 42 42
1-0f-10 Decoder/Driver, Open—Collector 145
1—0f-8 Decoder/Demultiplexer (Low) 138 138 138A 138 161 161
3-Line to 8-Line Decoder/Demultiplexer 137 137
1-o0f-10 Decoder, 3—State 537
1-of-8 Decoder, 3-State 538
Dual 1-of—4 Decoder, 3—State 539
Binary to 1-8 (High) 162 162
Dual Binary 1—4 (High) 555 172 172
BCD-to-Decimal/Binary-to-Octal Decoder 028
4-Bit Latch/4-to—16 Line Decoder (High) 514 4514
4-Bit Latch/4—to—16 Line Decoder (Low) 515
1-of-8 Decoder/Demultiplexer With Latched Inputs 237
Display Decode Drivers
BCD-to~Seven Segment Decoder/Driver, 47
Open—Collector
BCD-to-Seven Segment Decoder/Driver With 48 558
Pull-Ups
BCD-to-Seven Segment Decoder/Driver, 247
Open-Collector
BCD—to—Seven Segment Decoder/Driver With 248
Pull-Ups 249
BCD-to-Seven Segment Latch/Decoder/Driver 511 4511
BCD-to-Seven Segment Latch/Decoder/Driver 513
Ripple Blanking
BCD-to-Seven Segment Latch/Decoder/Driver 543
BCD-to-Seven Segment Latch/Decoder/Driver 544
Ripple Blanking
BCD-to-Seven Segment Decoder/Driver, High Current 547
Priority Encoders
10-Line Decimal to 4-Line Priority Encoder 147 147
8-Input to 3-Line Priority Encoder 148 148 532 165 165
8-Input to 3-Line Priority Encoder 748
8-Input to 3-Line Priority Encoder, 3-State 348
8-Input to 3-Line Priority Encoder, 3-State 848
Multivibrators
Retriggerable Monostable Multivibrator 122 198
Dual Retriggerable Monostable Multivibrator 123 4538A
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Cross—Functional Table (continued)

TTL CMOS MECL

High ECLinPS
Function LS FAST STD Speed | FACT 10K 10H E-Lite

Multivibrators (continued)
Dual One-Shot (Very Stable) 221

Dual Precision Retrig/Reset Monostable Multivibrator 538

Oscillators/Timers

24-Stage Frequency Divider 521B

Programmable Timer 536B

Programmable Oscillator Timer 541B

Quad Precision Timer/Driver 415

Receivers

Triple Line 114

Quad Line 115 115

Triple Line 116 116

High-Speed Triple Line 216

Quad Bus . 129

Quint Differential Line E116
EL16

Quint High-Frequency Differential Line E416

Comparators
4-Bit Magnitude Comparator 85 85 585 85

5-Bit Magnitude Comparator 166 166

8-Bit Magnitude Comparator 521 521

8-Bit Magnitude Comparator, 3-State 682
8-Bit Magnitude Comparator, 3—State 684
8-Bit Magnitude Comparator 688 688
9-Bit Magnitude Comparator E166

Arithmetic Operators
4-Bit Full Adder 83A 008
4-Bit Full Adder (Rotated LS83A) 283 283

4-Bit ALU 181 181 181 181
381
382

4~-Bit Barrel Shifter 350 350
Look Ahead Carry Generator 182 - 179
Dual High—-Speed Adder/Subtractor 180
BCD Rate Multiplier 527
Triple Serial Adder (Negative Logic) 038
NBCD Adder 560
9’s Complementer 561

Parity Generator/Checkers
9-Bit Odd/Even Parity Generator/Checker 280 280 280 170
12-Bit Parity Generator/Checker 531 160 160
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Numeric Listings
Special Logic Circuits

ALEXxIS — Advance Low-Power Expandable Interface Solutions

Device Function Pins DIP SM
MC16LX5431 16-Bit Latching Transceiver (3—-State, Non-Inverting) 64 -1
MC16LX6461 16-Bit Transceiver/Registered Transceiver W/ Multiplexed Outputs (3-State, Non-inverting) 64 -1
MC16LX952F —Bit Bidirectional Register With Clock Enable (3-State, Non-Inverting) 64 -1
MC18LX843 18-Bit Transparent Latch With Preset and Reset (3-State, Non—Inverting) 64 -1
MC20LX240 20-Bit Buffer (3—State, Inverting) 64 -1
MC20LX244 20-Bit Buffer (3-State, Non—Inverting) 64 -1
MC20LX245 20-Bit Transceiver (3-State, Non-Inverting) 64 -1
MC20LX373 20-Bit Transparent Latch (3-State, Non—Inverting) 64 -1
MC20LX374 20-Bit D-Type Flip—Flop (3-State, Non—Inverting) 64 -1

+ = New Devices

Timing Solutions

r Device Function | Pins I DIP I SM J

Clock Drivers

MC10E111 MC100E111 1:9 Differential Clock Driver With Low Skew, Enable, Vbb 28 FN
MC10E211 MC100E211 1:6 Differential Clock Distribution Chip 28 FN
MC10EL11 MC100EL11 1:2 Differential Clock Driver 8 D
MC74F803 - Clock Driver, Quad D-Type Flip—Flop, With Matched Propagation 14 N D

Delays

MC74F1803 — Clock Driver, Quad D-Type Flip—Flop 14 N D
MC10H640 MC100H640 PECL/TTL-TTL Clock Driver (Single @ 5.0V) 28 FN
MC10H641 MC100H641 1-9 PECL-TTL Clock Distribution Chip (Single P.S. @ 5.0V) 28 FN
MC10H642 MC100H642 PECL/TTL-TTL Clock Driver (Similar to H640) 28 FN
MC10H643 ‘MC100H643 1:8 ECL-TTL Clock Distribution Chip (Dual Supply, H641) 28 FN
MC10H644 MC100H644 PECL/TTL-TTL Clock Driver 28 FN
MC10H645 — 1:9 TTL-TTL Clock Distribution Chip 28 FN
MC10H646 MC100H646 1:8 PECL/TTL to TTL Clock Distribution Chip 28 FN
MC88913 — Low Skew CMOS Clock Driver 14 N D
MC88914 — Low Skew CMOS Clock Driver With Reset 14 N D
MC88915*55 —_ 55MHz Low Skew CMOS PLL Clock Driver 28 FN
MC88915*70 — 70MHz Low Skew CMOS PLL Clock Driver 28 FN
MC88915T*55 — 55MHz Low Skew CMOS PLL Clock Driver, 3—State 28 FN
MC88915T*70 — 70MHz Low Skew CMOS PLL Clock Driver, 3-State 28 FN
MC88915T*100 — 100MHz Low Skew CMOS PLL Clock Driver, 3-State 28 FN
MC88915T*133% - 133MHz Low Skew CMOS PLL Clock Driver, 3-State 28 FN
MC88915T*160F — 160MHz Low Skew CMOS PLL Clock Driver, 3-State 28 FN
MC88916*70 - 70MHz Low Skew CMOS PLL Clock Driver With Processor Reset 20 DW
MC88916*80 — 80MHz Low Skew CMOS PLL Clock Driver With Processor Reset 20 Dw
MC88920 — 50MHz Low Skew CMOS PLL Clock Driver With Power-Up/Down 20 DW
MC889211 - 66MHz Low Skew CMOS PLL Clock Driver With Power-Up/Down 20 DW

*< 20-Pin DIP = 20-Pin PLCC; > 20—Pin DIP = 28-Pin PLCC; See Conversion Table on page 3.1-62
T = New Devices
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Timing Solutions

L Device Function | Pins | DIP | SM —l
Programmable Delay Chips
MC10E195 MC100E195 Programmable Delay Chip (Digitally Selectable 20ps Res) 28 FN
MC10E196 MC100E196 Programmabile Delay Chip (Dig 20ps Anal. < Ips) 28 FN
*< 20-Pin DIP = 20-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on page 3.1—6é
T = New Devices
Translators
Device Function Pins DIP SM

MC10124 — Quad TTL-to-MECL Translator 16 PL FN
MC10125 — Quad MECL~to-TTL Translator 16 PL FN
MC10177 — Triple MECL-to-NMOS Translator 16 L
MC10190 - Quad MST-to-MECL 10K Translator 16 PL FN
MC14504B — Hex TTL OR CMOS to CMOS Hex Level Shifter 16 PL D
MC10H124 — Quad TTL~to~MECL Translator 16 PL FN
MC10H125 — Quad MECL~to~TTL Translator 16 PL FN
MC10H350 — PECL~to-TTL Translator (Single P.S. @+ 5.0V) 16 PL FN
MC10H351 — Quad TTL/NMOS-to-PECL Translator (Single P.S. @+ 5.0V) 20 PL FN
MC10H352 — Quad CMOS-to-PECL Translator (Single P.S. @+ 5.0V) 20 PL FN
MC10H424 — Quad TTL~to-ECL Translator (ECL Strobe) 16 PL | FN
MC10H600 MC100H600 9-Bit TTL-ECL Translator 28 FN
MC10H601 MC100H601 9-Bit ECL-TTL Translator 28 FN
MC10H602 MC100H602 9-Bit Latch/TTL-ECL Translator 28 FN
MC10H603 MC100H603 9-Bit Latch/ECL-TTL Translator 28 FN
MC10H604 MC100H604 Registered HEX TTL-ECL Translator 28 FN
MC10H605 MC100H605 Registered Hex ECL-TTL Translator 28 FN
MC10H606 MC100H606 Registered Hex TTL-PECL Translator 28 FN
MC10H607 MC100H607 Registered Hex PECL-TTL Translator 28 FN
MC10ELT25+ MC100ELT25% Differential ECL-to-TTL Translator 8 D
*< 20~Pin DIP = 20-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on page 3.1-62
= New Devices
CBM

Device Function Pins DIP SM
MC68194 CBM — Carrier Band Modem 52 ) FJ*
**FJ = Ceramic Leadless Chip Carrier (CLCC)
SCSI Bus Terminator

Device Function Pins DIP SM
MCCS142233 9-Bit Switchable Passive SCSI Bus Term (2209 & 330Q) 20 FN
MCCS142234 9-Bit Switchable Active SCSI Bus Term (110Q) 16 D
MCCS142235 18-Bit Active SCSI Bus Terminator (Also Available in 32-Pin QFP Package) 24 DW, F, A
Memory Support

Device Function Pins DIP SM

MC10H660 MC100H660 Quad Dual Output ECL-TTL DRAM Driver With Latch 28 FN
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Industrial Control Unit

Device Function Pins DIP SM
MC14500B Industrial Control Unit 16 PL DW
Bounce Eliminator

Device Function Pins DIP SM
MC14490 Hex Contact Bounce Eliminator 16 PL DW
Phase—Locked Loop

Device Function Pins DIP SM
MC4016 Programmable Modulo-N Counters (N=0-9) 16 PL
MC4018 Prog}ammable Modulo—N Counters (N=0-9) 16 PL
MC4024 Dual Voltage—Controlled Multivibrator 14 PL
MC4044 Phase—Frequency Detector 14 PL
MC4316 Programmable Modulo-N Counters (N=0-9) 16 PL
MC4324 Dual Voltage—Controlled Multivibrator 14 PL
MC4344 Phase—Frequency Detector 14 PL
MC12002 Analog Mixer 14 PL
MC12009 480MHz +5/6 Dual Modulus Prescaler 16 PL
MC12011 550MHz +8/9 Dual Modulus Prescaler 16 PL
MC12013 550MHz +10/11 Dual Modulus Prescaler 16 PL
MC12014 Counter Control Logic 16 PL
MC12015 225MHz +32/33 Dual Modulus Prescaler 8 PL D
MC12016 225MHz +40/41 Dual Modulus Prescaler 8 PL D
MC12017 225MHz +64/65 Dual Modulus Prescaler 8 PL D
MC12018 520MHz +128/129 Dual Modulus Prescaler 8 PL D
MC12019 225MHz +20/21 Dual Modulus Prescaler 8 PL D
MC12022A 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022B 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022LVA 1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022LVB 1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022SLA 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022SLB 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022TSA 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022TSB 1.1GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022TVB 1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022TVA 1.1GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12023 225MHz +64 Prescaler 8 P D
MC12025 520MHz +64/65 Dual Modulus Prescaler 8 P D
MC12026A 1.1GHz +8/9, +16/17 Dual Modulus Prescaler 8 P D
MC12026B 1.1GHz +8/9, +16/17 Dual Modulus Prescaler 8 P D
MC12028A 1.1GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12028B 1.1GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12031A 2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12031B 2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
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Phase-Locked Loop (continued)

Device Function Pins | DIP SM
MC12032A 2.0GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12032B 2.0GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12033A 2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 P D
MC12033B 2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 P D
MC12034A 2.0GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12034B 2.0GHz +32/33, +64/65 Dual Modulus Prescaler ) 8 P D
MC12036A 1.1GHz +64/65, +128/129 Dual Modulus Prescaler with Stand-By Mode 8 P D
MC12036B 1.1GHz +64/65, +128/129 Dual Modulus Prescaler with Stand-By Mode 8 P D
MC12040 Phase-Frequency Detector 14 PL FN
MC12061 | Crystal Oscillator 16 PL
MC12073 1.1GHz +64 Prescaler 8 P D
MC12074 1.1GHz +256 Prescaler 8 P D
MC12076 1.3GHz +256 Prescaler 8 P D
MC12078 1.3GHz +256 Prescaler 8 P D
MC12079 2.8GHz +64/128/256 Prescaler 8 P D
MC12080 1.1GHz +10/20/40/80 Prescaler 8 P D
MC12083 1.1GHz +2 Low Power Prescaler with Stand-By Mode 8 P D
MC12089% 2.8GHz +64/128 Low Power Prescaler 8
MC12090 750MHz +2 UHF Prescaler 16 PL
MC12100 200MHz Voltage Controlled Multivibrator 20 P FN
MC12101 130MHz Voltage Controlled Multivibrator 20 FN
MCH12140 Phase-Frequency Detector 8 D
MCK12140 Phase-Frequency Detector 8 D
MC12148 Low Power Voltage Controlled Oscillator 8 P
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Numeric Listings

TTL Overview

Since its introduction, TTL has become the most popular
form of digital logic. It has evolved from the original
gold—doped saturated 7400 logic, to Schottky—Clamped logic,
and finally to the modern advanced families of TTL logic. The
popularity of these TTL families stems from their ease of use,
low cost, medium—to—high speed operation, and good output
drive capability.

Motorola offers two modern TTL logic families — LS and
FAST. They are pin and functionally compatible and can easily

be combined in a system to achieve maximum performance

at minimum cost.

LS (Low Power Schottky) is currently the more popular and
commands by far the largest share of the total TTL logic
market. It is low—cost and provides moderate performance at
low power.

FAST, the state—of-the—art, high—performance TTL family,
is growing rapidly and gaining a significant share of the total
TTL logic market. FAST offers a 20-30 percent improvement
in performance over the older Standard Schottky family (74S)
with a 75—80 percent reduction in power. When compared with
the Advanced Schottky family (74AS), FAST offers nearly
equal performance at a 25-50 percent savings in power.

FAST is manufactured on Motorola’s MOSAIC

TTL Family Comparisons

(oxide—isolated) process. This process provides FAST with
inherent speed/power advantages over the older
junction—isolated 74S and 74LS families. This allows the
FAST family to be designed and specified with improved
noise margins, reduced input currents, and superior line
driving capabilities in comparison to these earlier families.
Additionally, FAST designs incorporate power—down
circuitry on all three—state outputs, and buffered outputs on
all storage devices.

Two further advantages of FAST are the load
specifications and power supply specifications. FAST ac
characteristics are specified at a heavier capacitive load
than the earlier families (50 pF versus 15 pF) to more
accurately reflect actual in—circuit performance. Motorola’s
DC and AC characteristics for FAST are specified overafull
10% supply voltage range — a significant improvement
over the industry standard specifications for the earlier
families (5% for DC, 0% for AC).

These design and specification improvements offered by
the Motorola FAST family provide the user with better system
performance, enhanced design flexibility, and more reliable
system operation.

General Characteristics for Schottky TTL Logic (All Maximum Ratings)

LS FAST

Characteristic Symbol 54LSxxx 74LSxxx 54Fxxx 74Fxxx Unit
Operating Voltage Range Vee 5+£10% 5+5% 5+10% 5+£10% Vdc
Operating Temperature Range TA -551t0 125 0to 70 —55to 125 0to 70 °C
Input Current IIN —12180 —42180 _280 _ggo A
Output Drive IOH -0.4 -0.4 -1.0 -1.0 mA
Standard Output loL 4.0 8.0 20 20 mA
Isc —20 to -100 -20 to —100 —60 to —150 —60 to -150 mA

IoH -12 -15 -12 -15 mA

Buffer Output loL 12 24 48 64 mA
Isc —40 to —225 —40 to —225 —100to —225 | —100 to —225 mA

Speed/Power Characteristics for Schottky TTL Logic(1) (All Typical Ratings)

Characteristic Symbol | LS | FAST | Unit Characteristic Symbol | LS | FAST | Unit
S:irsre:r?sgta?:pply le} 04| 1.1 mA Speed Power Product — 18 | 19.2 pJ
Power/Gate (Quiescent) Pg 20| 55 mw Clock Frequency (D-F/F) fmax 33 | 125 MHz
Propagation Delay tp 90| 37 ns Clock Frequency (Counter) fmax 40 | 125 MHz

(1) Specifications are shown for the following conditions: a) Voo =5.0 Vde; b) Ta = 25°C and ¢) C_ = 50 pF for FAST, 15 pF for LS.
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LS — Low Power Schottky

Numeric Listing

Device - Function ) Pins DIP SM
SN54LS00 SN74LS00 Quad 2—-Input NAND Gate 14 N,J D
SN54L.501 SN74LS01 Quad 2-Input NAND Gate 14 N,J D
SN54LS02 SN74LS02 Quad 2-Input NOR Gate 14 N,J D
SN54LS03 SN74LS03 Quad 2-Input NAND Gate 14 N,J D
SN54LS04 SN74LS04 Hex Inverter 14 N,J D
SN54L.505 SN74LS05 Hex Inverter 14 N,J D
SN54L.508 SN74LS08 Quad 2-Input AND Gate 14 N,J D
SN54LS09 SN74LS09 Quad 2-Input AND Gate 14 N,J D
SN54LS10 SN74LS10 Triple 3—Input NAND Gate 14 N,J D
SN54LS11 | SN74LS11 Triple 3—Input AND Gate 14 N,J D
SN54LS12 SN74LS12 Triple 3—Input NAND Gate 14 N,J D
SN54LS13 SN74LS13 Dual 4-Input NAND Schmitt Trigger 14 N,J D
SN54LS14 SN74LS14 Hex Inverter Schmitt Trigger 14 N,J D
SN54LS15 SN74LS15 Triple 3—Input AND Gate 14 N,J D
SN54LS20 SN74LS20 Dual 4-Input NAND Gate 14 N,J D
SN54LS21 SN74LS21 Dual 4-Input AND Gate 14 N,J D
SN54L.822 SN74LS22 Dual 4—Input NAND Gate 14 N,J D
SN54L.526 SN74LS26 Quad 2—-Input NAND Buffer ‘ 14 N,J D
SN54LS27 SN74LS27 Triple 3-Input NOR Gate 14 N,J D
SN54L.528 SN74LS28 Quad 2-Input NOR Buffer 14 N,J D
SN54L530 SN74LS30 8-Input NAND Gate 14 N,J D
SN54LS32 SN74LS32 Quad 2-Input OR Gate 14 N,J D
SN54LS33 SN74LS33 Quad 2-input NOR Buffer . 14 N,J D
SN54LS37 SN74LS37 Quad 2—Input NAND Buffer 14 N,J D
SN54LS38 SN74L838 Quad 2-Input NAND Buffer Open—Collector 14 N,J D
SN54LS40 SN74LS40 Dual 4-Input NAND Buffer 14 N,J D
SN54LS42 SN74LS42  One—of-Ten Decoder 16 N,J D
SN54L.547 SN74L847 Binary-Coded-Decimal to 7 Segment Decoder/Driver 16 N,J D
SN54L548 SN74L548 Binary—Coded-Decimal to 7 Segment Decoder 16 N,J D
SN54LS51 SN74LS51 Dual 2 Wide 2-Input/3-Input AND/OR Invert Gate 14 N,J D
SN54LS54 SN74LS54 3-2-2-3-Input AND/OR Invert Gate 14 N,J D
SN54LS55 SN74LS55 2-Wide, 4—-Input AND/OR Invert Gate 14 N,J D
SN54LS73A SN74LS73A Dual J-K Negative Edge-Triggered Flip—Flop 14 N,J D
SN54LS74A SN74LS74A Dual D-Type Positive Edge-Triggered Flip-Flop 16 N,J D
SN54LS75 - SN74LS75 4-Bit D Latch 16 NJ D
SN54LS76A SN74LS76A Dual J-K Flip—Flop With Set and Clear 16 N,J D
SN54LS77 SN74LS77 4-Bit D Latch 14 N,J D
SN54LS83A SN74LS83A 4-Bit Binary Full Adder With Fast Carry 14 N,J D
SN54LS85 SN74LS85 4~Bit Magnitude Comparator 16 N,J D
SN54LS86 SN74LS86 Quad Exclusive OR Gate 14 N,J D
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LS — Low Power Schottky (continued)
Numeric Listing (continued)

Device Function Pins DIP SM
SN54LS90 SN74LS90 Decade Counter 14 N,J D
SN54LS92 SN74LS92 Divide By 12 Counter 14 N,J D
SN54L.S93 SN74LS93 4-Bit Binary Counter 14 N,J D
SN54L.S95B SN74LS95B 4-Bit Shift Register 14 N,J D
SN54LS107A SN74LS107A Dual J-K Flip—Flop 14 N,J D
SN54LS109A SN74LS109A Dual J-K Positive Edge—Triggered Flip—Flop 16 N,J D
SN54LS112A SN74LS112A Dual J-K Negative Edge-Triggered Flip—Flop 16 N,J D
SN54LS113A SN74LS113A Dual J-K Negative Edge-Triggered Flip—Flop 14 N,J D
SN54LS114A SN74LS114A Dual J-K Negative Edge—Triggered Flip—Flop 14 N,J D
SN54L.S122 SN74LS122 Retriggerable Monostable Multivibrators 14 N,J D
SN54LS123 SN74LS123 Retriggerable Monostable Multivibrators 14 N,J D
SN54LS125A SN74LS125A Quad Buffers With 3—State Outputs 14 N,J D
SN54LS126A SN74LS126A Quad Buffers With 3—-State Outputs 14 N,J D
SN54LS132 SN74LS132 Quad 2—-Input Schmitt Trigger NAND Gate 14 N,J D
SN54L.5133 SN74LS133 13—Input NAND Gate 16 N,J D

— SN74LS136 Quad 2—-Input Exclusive OR Gate 14 N,J D

SN54LS137 SN74LS137 3-Line to 8-Line Decoders/Demultiplexers With Address Latches 16 N,J D
SN54LS138 SN74LS138 1—0f-8 Decoder/Demultiplexer 16 N,J D
SN54LS139 SN74LS139 Dual 1-of-4 Decoder/Demultiplexer 16 N,J D
SN54LS145 SN74LS145 1-0f-10 Decoder/Driver Open—Collector 16 N,J D
SN54LS147 SN74LS147 10-Line to 4-Line Priority Encoder 16 N,J D
SN54LS148 SN74LS148 8-Line to 3—Line Priority Encoder 16 N,J D
SN54LS151 SN74LS151 8—Input Multiplexer 16 N,J D
SN54LS153 SN74LS153 Dual 4-Input Multiplexer 16 N,J D
SN54LS155 SN74LS155 Dual 1—of—4 Decoder 16 N,J D
SN54LS156 SN74LS156 Dual 1-of—4 Decoder Open—Collector 16 N,J D
SN54LS157 SN74LS157 Quad 2—-Input Multiplexer 16 N,J D
SN54L.8158 SN74LS158 Quad 2-Input Multiplexer 16 N,J D
SN54LS160A SN74LS160A 4-Bit BCD Decade Counter, Asynchronous Reset 16 N,J D
SN54LS161A SN74LS161A 4-Bit Binary Counter, Synchronous Reset 16 N,J D
SN54L.S162A SN74LS162A 4-Bit BCD Decade Counter, Asynchronous Reset 16 N,J D
SN54LS163A SN74LS163A 4-Bit Binary Counter, Synchronous Reset 16 N,J D
SN54LS164 SN74LS164 8-Bit Serial-In Parallel-Out Shift Register 14 N,J D
SN54L.S165 SN74LS165 8-Bit Parallel-to—Serial Converter 16 N,J D
SN54LS166 SN74LS166 8-Bit Shift Registers 16 N,J D
SN54LS168 SN74LS168 BCD Decade Synchronous Bidirectional Counter 16 N,J D
SN54LS169 SN74LS169 Modulo 16 Binary Synchronous Bidirectional Counter 16 N,J D
SN54LS170 SN74LS170 4 X 4 Register File Open Collector 16 N,J D
SN54L.S173A SN74LS173A 4-Bit D-Type Register With With 3—State Outputs 16 N,J D
SN54LS174 SN74LS174 Hex D Flip—Flop 16 N,J D
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LS — Low Power Schottky (continued)
Numeric Listing (continued)

Device Function Pins | DIP SM
SN54LS175 SN74LS175 Quad D Flip-Flop 16 N,J D
SN54LS181 SN74LS181 4-Bit Arithmetic Logic Unit 24 N,J DwW
SN54LS190 SN74LS190 Presettable BCD/Decade Up/Down Counter 16 N,J D
SN54L.S191 SN74LS191 Presettable 4-Bit Binary Up/Down Counter 16 N,J D
SN54LS192 SN74LS192 Presettable BCD/Decade Up/Down Counter 16 N,J D
SN54L.S193 SN74LS193 Presettable 4-Bit Binary Up/Down Counter 16 N,J D
SN54L.S194A SN74LS194A 4-Bit Bidirectional Universal Shift Register 16 N,J D
SN54L.S195A SN74LS195A Universal 4-Bit Shift Register 16 N,J D
SN54L.S196 SN74LS196 4-Stage Presettable Ripple Counters 14 N,J D
SN54LS197 SN74LS197 4-Stage Presettable Ripple Counters 14 N,J D
SN54LS221 SN74LS221 Dual Monostable Multivibrators With Schmitt Trigger Inputs 16 N,J D
SN54LS240 SN74LS240 Octal Buffer/Line Driver With 3-State Outputs 20 N,J bDw
SN54L.5241 SN74LS241 Octal Buffer/Line Driver With 3-State Outputs 20 N,J DW
SN54LS242 SN74LS242 Quad Bus Transceiver/Inverting With 3-State Outputs 14 N,J
SN54L8243 SN74L5243 Quad Bus Transceiver/Non-Inverting With 3-State Outputs 14 N,J
SN54L.5244 SN74L5244 Octal Buffer/Line Driver With 3-State 20 N,J bw
SN54LS245 SN74L.S245 Octal Bus Transceiver 20 N,J Dw
SN54L5247 SN74LS247 BCD-to-Seven—Segment Decoders/Drivers 16 N,J D
SN54LS248 SN74LS248 BCD-to-Seven-Segment Decoders/Drivers 16 N,J D
SN54LS249 SN74LS249 BCD-to-Seven—Segment Decoders/Drivers 16 N,J D
SN54LS251 SN74LS251 8-Input Multiplexer With 3-State Outputs 16 N,J D
SN54L8253 SN74LS253 Dual 4-Input Multiplexer With 3—State Outputs 16 N,J D
SN54L.5256 SN741.5256 Dual 4-Bit Addressable Latch 16 N,J D
SN54L.8257B SN74LS257B Quad 2-Input Multiplexer With 3-State Outputs 16 N,J D
SN54L.5258B SN74LS258B Quad 2-Input Multiplexer, Inverting, With 3-State Outputs 16 N,J D
SN54LS259 SN74LS259 8-Bit Addressable Latch 16 N,J D
SN54L.5260 SN74L5260 Dual 5-Input NOR Gate 14 N,J D
SN54L.5266 SN74LS266 Quad 2-Input Exclusive NOR Gate 14 N,J D
SN541L.5273 SN74LS273 Octal D Flip-Flop With Clear 20 N,J DW
SN54L5279 SN74LS279 Quad Set/Reset Latch 16 N,J D
SN541.5280 SN74L.5280 9-Bit Odd/Even Parity Generator/Checker 14 NJ D
SN54L5283 SN74LS283 4-Bit Binary Full Adder With Fast Carry 16 N,J D
SN54L.5290 SN74LS290 Decade Counter 14 N,J D
SN541.5293 SN74L.5293 4-Bit Binary Counter 14 N,J D
SN54L.5298 SN74LS298 Quad 2-Input Multiplexer With Storage 16 N,J D
SN54L.5299 SN74LS299 8--Bit Shift/Storage Register With 3-State Outputs 20 N,J DW
SN54LS322A SN74LS322A 8-Bit Shift Registers With Sign Extend 20 N,J DW
SN54L5323 SN74LS323 8-Bit Shift/Storage Register With 3-State Outputs 20 N,J DW
SN54L.8348 SN74LS348 8—Input Priority Encoder 16 N,J D
SN54LS352 SN74LS352 Dual 4-Input Multiplexer 16 N,J D
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LS — Low Power Schottky (continued)
Numeric Listing (continued)

Device Function Pins | DIP SM
SN54LS353 SN74LS353 Dual 4-Input Multiplexer With 3—-State Outputs 16 N,J D
SN54LS365A SN74LS365A Hex Buffer Gated Enable Non—Inverting With 3—State Outputs 16 N,J D
SN54LS366A SN74LS366A Hex Buffer Gated Enable Inverting With 3—-State Outputs 16 N,J D
SN54LS367A SN74LS367A Hex Buffer 4/2-Bit/Non—Inverting With 3—State Outputs 16 N,J D
SN54LS368A SN74LS368A Hex Buffer 4/2-Bit/Inverting With 3—State Outputs 16 N,J D
SN54LS373 SN74LS373 Octal Transparent Latch With 3-State Outputs 20 N,J DW
SN54LS374 SN74LS374 Octal D-Type Flip—Flop With 3-State Outputs 20 N,J DW
. | SN54LS375 SN74LS375 4-Bit D Latch 16 N,J D
SN541.8377 SN74LS377 Octal D Flip—Flop With Enable/ Non—Inverting 20 N,J DW
SN541L.S378 SN74LS378 Hex D Flip—Flop With Enable 16 N,J D
SN54LS379 SN74LS379 4-Bit D Flip—Flop With Enable 16 N,J D
SN54LS386 SN74LS386 Quad 2-Input Exclusive OR Gate 14 N,J D
SN54LS390 SN74LS390 Dual Decade Counter 16 N,J D
SN54L.S393 SN74LS393 Dual 4-stage Binary Counter 16 N,J D
— SN74LS395 4-Bit Shift Register With 3-State Outputs 16 N,J D
SN54LS398 SN74LS398 Quad 2—Port Register 20 N,J DW
SN54L.5399 SN74LS399 Quad 2-Port Register 20 N,J DW
SN54LS490 SN74LS490 Dual Decade Counter 16 N,J D
SN54L.S540 SN74LS540 Octal Buffer/Line Driver With 3-State Outputs 20 N,J DW
SN54LS541 SN74LS541 Octal Buffer/Line Driver With 3—State Outputs 20 N,J DwW
SN54LS569A SN74LS569A 4-Bit Up/Down Counter With 3—State Outputs 20 N,J Dw
SN54LS623 SN74LS623 Octal Bus Transceiver 20 N,J bW
SN54LS640 SN74LS640 Octal Bus Transceiver/Inverting With 3—State Outputs 20 N,J Dw
SN54L.5641 SN74LS641 Octal Bus Transceiver/Non-Inverting With Open Collector 20 N,J Dw
SN54L.S642 SN74LS642 Octal Bus Transceiver/Inverting With Open Collector 20 N,J DwW
SN54L.5645 SN74LS645 Octal Bus Transceiver/Non—Inverting With 3—-State Outputs 20 N,J DW
SN54LS669 SN74LS669 Synchronous 4-Bit Up/Down Counter 16 N,J
SN54LS670 SN74LS670 4 X 4 Register File With 3—-State Outputs 16 N,J D
SN54L5682 SN74LS682 8-Bit Magnitude Comparators 20 N,J DW
SN54LS684 SN74LS684 8-Bit Magnitude Comparators 20 N,J Dw
SN54L.5688 SN74LS688 8-Bit Magnitude Comparators 20 N,J DwW
SN54L.S748 SN74LS748 8-Line to 3-Line Priority Encoder 16 N,J D
SN54LS795 SN74LS795 Octal Buffer (81LS95), With 3—State Outputs 20 N,J bW
SN54LS796 SN74LS796 . | Octal Buffer (81LS96), With 3—State Outputs 20 N,J DW
SN54L.8797 SN74LS797 Octal Buffer (81LS97), With 3-State Outputs 20 N,J DW
SN54LS798 SN74LS798 Octal Buffer (81LS98), With 3—State Outputs 20 N,J DW
SN54L5848 SN74L5848 8-Input Priority Encoder (Glitchless) 16 N,J D
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FAST

Numeric Listing

Device Function Pins DIP SM
MC74F00 Quad 2-Input NAND Gate ) ' 14 N . D
MC74F02 Quad 2—-Input NOR Gate 14 N D
MC74F04 Hex Inverter 14 N D
MC74F08 Quad 2—-Input AND Gate 14 N D
MC74F10 Triple 3—Input NAND Gate 14 N D
MC74F11 Triple 3—Input AND Gate 14 N D
MC74F13 Dual 4-Input NAND Schmitt Trigger 14 N D
MC74F14 - | Hex Inverter Schmitt Trigger 14 N D
MC74F20 Dual 4—Input NAND Gate 14 N D
MC74F21 Dual 4-Input AND Gate 1 14 N D
MC74F32 Quad 2-Input OR Gate 14 N D
MC74F37 Quad 2-Input NAND Buffer 14 N D
MC74F38 Quad 2-Input NAND Buffer Open—Collector 14 N D
MC74F40 Dual 4-Input NAND Buffer 14 N D
MC74F51 Dual 2-Wide 2—Input, 2-Wide 3-Input AND-OR-Invert Gate 14 N D
MC74F64 4-2-3-2 Input AND-OR-Invert Gate 14 N D
MC74F74 Dual D-Type Positive Edge—Triggered Flip—Flop 14 N D
MC74F85 4-Bit Magnitude Comparator 16 N D
MC74F86 Quad 2-Input Exclusive OR Gate 14 N D
MC74F109 Dual JK(bar) Positive Edge—Triggered Flip—Flop 16 N D
MC74F112 Dual J-K Negative Edge—Triggered Flip—Flop 16 N D
MC74F125 Quad Buffer, With 3—State Outputs 14 N D
MC74F126 Quad Buffer, With 3—State Outputs 14 N D
MC74F132 Quad 2-Input NAND Schmitt Trigger 14 N D
MC74F138 1-of-8 Decoder/Demultiplexer 16 N D
MC74F139 Dual 1-of—4 Decoder/Demultiplexer 16 N D
MC74F148 8-Line to 3-Line Priority Encoder 16 N D
MC74F151 8—Input Multiplexer 16 N D
MC74F153 Dual 4-Input Multiplexer 16 N D
MC74F157A Quad 2-Input Multiplexer 16 N D
MC74F158A Quad 2-Input Multiplexer 16 N D
MC74F160A BCD Decade Counter, Synchronous Presettable 16 N D
MC74F161A Binary Counter, Synchronous Presettable, 4-Bit 16 N D
MC74F162A BCD Decade Counter, Synchronous Presettable 16 N D
MC74F163A Binary Counter, Synchronous Presettable, 4-Bit 16 N D
MC74F164 8-Bit Serial In-Serial Out Shift Register 14 N D
MC74F168 4-Stage Synchronous Bidirectional Counter 16 N D
MC74F169 4-Stage Synchronous Bidirectional Counter 16 N D
MC74F174 Hex D Flip—Flop With Master Reset 16 N D
MC74F175 Quad D Flip—Flop 16 N D
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FAST (continued)

Numeric Listing (continued)

Device Function Pins DIP SM
MC74F181 4-Bit Arithmetic Logic Unit 24 N DwW
MC74F182 Carry Lookahead Generator 16 N
MC74F194 4-Bit Bidirectional Universal Shift Register 16 N D
MC74F195 4-Bit Shift Register 16 N D
MC74F240 Octal Buffer/Line Driver With 3—State Outputs 20 N bDw
MC74F241 Octal Buffer/Line Driver With 3-State Outputs 20 N bDw
MC74F242 Quad Bus Transceivers With 3-State Outputs 14 N D
MC74F243 Quad Bus Transceivers With 3-State Outputs 14 N
MC74F244 Octal Buffer/Line Driver With 3-State Outputs 20 N DW
MC74F245 Octal Bidirectional Transceiver With 3—State Outputs 20 N DwW
MC74F251 8—Input Multiplexer, With 3—State Outputs 16 N D
MC74F253 Dual 4-Input Multiplexer, With 3—State Outputs 16 N D
MC74F256 Dual 4-Bit Addressable Latch 16 N D
MC74F257A Quad 2-Input Multiplexer, With 3—State Outputs 16 N D
MC74F258A Quad 2-Input Multiplexer, With 3—State Outputs 16 N D
MC74F259 8-Bit Addressable Latch 16" N D
MC74F269 8-Bit Bidirectional Binary Counter 24 N bw
MC74F280 9-Bit Parity Generator/Checker 14 N
MC74F283 4-Bit Binary Full Adder (With Fast Carry) 16 N
MC74F299 8-Input Universal Shift/Storage Register, With Common Parallel I/O Pins 20 N DwW
MC74F323 8-Input Shift/Storage Register With Sync Reset and Common I/O Pins 20 N bDw
MC74F350 4-Bit Shifter, With 3—State Outputs 16 N D
MC74F352 Dual 4-Input Multiplexer 16 N D
MC74F353 Dual 4-Input Multiplexer, With 3—State Outputs 16 N D
MC74F365 Hex Buffer/Driver Gated Enable Non—Inverting, With 3-State Outputs 16 N D
MC74F366 Hex Buffer/Driver Gated Enable Inverting, With 3—-State Outputs 16 N D
MC74F367 Hex Buffer/Driver, 4+2-Bit, Non—Inverting, With 3-State Outputs 16 N D
MC74F368 Hex Buffer Driver, 4+2—Bit, Inverting, With 3—State Outputs 16 N D
MC74F373 Octal Transparent Latch, With 3—-State Outputs 20 N bDw
MC74F374 Octal D Flip—Flop, With 3-State Outputs 20 N DwW
MC74F377 Octal D Flip—Flop With Enable 20 N DW
MC74F378 Hex Parallel D Register With Enable 16 N
MC74F379 Quad Parallel Register With Enable 16 N D
MC74F381 4-Bit Arithmetic Logic Unit 20 N DW
MC74F382 4-Bit Arithmetic Logic Unit 20 N Dw
MC74F398 Quad 2—-Port Register 20 N DW
MC74F3299 Quad 2—Port Register 16 N D
MC74F521 8-Bit Identity Comparator 20 N bw
MC74F533 Octal Transparent Latch, With 3—State Outputs 20 N DW
MC74F534 Octal D-Type Flip—Flop, With 3—-State Outputs 20 N DW
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FAST (continued)

Numeric Listing (continued)

Device Function Pins DIP SM
MC74F537 1-0f-10 Decoder, With 3—State Outputs 20 N Dw
MC74F538 1-0f-8 Decoder, With 3—-State Outputs 20 N DW
MC74F539 1-of-4 Decoder, With 3—State Outputs 20 N Dw
MC74F543 Octal Registered Transceiver Non—Inverting, With 3-State Outputs 24 N Dw
MC74F544 Octal Registered Transceiver Inverting, With 3-State Outputs 24 N DwW
MC74F568 4-Bit Bidirectional Decade Counter, With 3-State Outputs 20 N - DW
MC74F569 4-Bit Bidirectional Binary Counter, With 3-State Outputs 20 N DW
MC74F574 Octal D Flip-Flop With 3—State Outputs/Broadside Pinout, F374 20 N Dw
MC74F579 8-Bit Bidirectional Bihary Counter, With 3—State Outputs ! 20 N DW
MC74F620 Octal Bus Transceiver/Inverting, With 3—State Outputs 20 N DW
MC74F623 Octal Bus Transceiver, With 3-State Outputs 20 N DW
MC74F640 Octal Bus Transceiver/Inverting, With 3-State Outputs ) 20 N bW
MC74F646 Octal Transceiver/Register, With 3-State Outputs 24 N DwW
MC74F657A Octal Bidirectional Transceiver With 8-Bit Parity Generator Checker, With 3—State Outputs 24 N DW
MC74F6578B Octal Bidirectional Transceiver With 8-Bit Parity Generator Checker, With 3—State Outputs 24 N DwW
MC74F779 8-Bit Bidirectional Binary Counter, With 3-State Outputs 16 N D
MC74F803 Clock Driver, Quad D-Type Flip—Flop, With Matched Propagation Delays 14 N D
MC74F823 9-Bit Bus Interface, NINV, 3 State Outputs 24 N bDw
MC74F827 10-Bit Buffer/Line Driver (‘Non—lnvening), With 3-State Outputs 24 N Dw
MC74F828 10-Bit Buﬁe}/Line Driver (Inverting), With 3—State Outputs 24 N Dw
MC74F1245 Octal Bidirectional Transceiver, With 3-State Inputs/Outputs ‘ 20 N DW
MC74F1803 Clock Driver (Quad D-Type Flip—Flop) With Matched Propagation Delays 14 N D
MC74F3893A Quad Futurebus Backplane Transceiver, With 3-State Outputs and Open Collector 20 FN
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MECL Overview

Motorola’s Emitter Coupled Logic is a non saturated form
of digital logic which eliminates transistor storage time as a
speed limiting characteristic, permitting very high speed
operation.

Motorola offers four versions of MECL: MECL I, MECL
10K, MECL 10H, ECLInPS (ECL in picoseconds) and the
recently introduced ECLInPS Lite family.

MECL Ill, the oldest MECL family still in production, has 1.0
ns gate propagation delays and greater than 500 MHz flip—flop
toggle rates. MECL lll is used mostly in high—speed test and
communications equipment.

The MECL 10K series was the fourth generation of
Motorola’s ECL logic families. To make the circuits
comparatively easy to use, edge speed was slowed to 2.0 ns
while the important propagation delay was held to 2.0 ns. The
slow edge speed permits use of wire-wrap and standard
printed circuit lines, however, the circuits are specified to drive
transmission lines for optimum performance.

The MECL 10H family is a higher performance, pin
compatible upgrade to the MECL 10K family. MECL 10H
features 100% improvement in propagation delay and clock
speeds while maintaining power supply current equal to

Speed/Power Characteristics for MECL (All Typical Ratings)

. MECL IOK. MECL 10H is voltage compensated which allows

guaranteed DC and switching parameters over a 5% power
supply range. MECL 10H is compatible with MECL 10K,
MECL Ill, and ECLInPS 10E devices. The MECL 10H family
includes a number of translators that allow designers to move
between ECL and TTL technologies. The H600 additions to
the MECL 10H family provide wide fanout translators and
translating clock drivers in a 28-lead PLCC package.

The ECLInPS family represents a major advance in
high—speed logic capabilities. With a gate propagation delay
of only 0.33 ns and a flip—flop toggle frequency of at least 1100
MHz it literally eclipses the performance of the earlier ECL
lines while maintaining signal and power—supply compatibility
with MECL 10H/100H. ECLInPS functions include both 10E
(10H Equivalent) and full voltage and temperature
compensated 100E (100H Equivalent) versions.

In addition to the 28—lead PLCC ECLinPS family, an 8—lead
SOIC ECLInPS Lite family is also available. The ECLInPS Lite
family is made up of single basic logic building blocks, i.e.,
gates, flip—flops, line receivers and multiplexers, in both 10E
and 100E varieties. The ECLInPS Lite family also includes
translators to move between ECL and TTL technologies.

TTL, ECL, CMOS and Special Logic Circuits

MECL 10K MECL 10H ECLinPS & ECLInPS Lite MECL Il

Characteristic Symbol | MC101xx | MC102xx | MC10H1xx MC10E/100E | MC10EL/100EL MC16xx Unit
Quiescent Supply
Current/Gate g 5.0 5.0 5.0 3.5 7.0 10 mA
Power/Gate (Quiescent) PG 26 26 26 18 36 54 mwW
Propagation Delay tp 20 1.5 1.0 0.33 0.23 1.1 ns
Rise/Fall Time tn tf 2.0 15 1.0 0.35 0.25 0.4 ns
Speed Power Product — 52 39 26 5.9 8.3 59 pJ
Clock Frequency
(D—F/F) fmax 125 200 250 1100 2200 550 MHz
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MECL 10K

Numeric Listing

Device Function . Pins DIP SM*
MC10100 Quad 2-Input NOR Gate With Strobe 16 PL FN
MC10101 Quad OR/NOR Gate 16 PL FN
MC10102 Quad 2-Input NOR Gate 16 PL FN
MC10103 Quad 2-Input OR Gate 16 PL FN
MC10104 Quad 2-Input AND Gate 16 PL FN
MC10105 Triple 2-3-2 Input OR/NOR Gate 16 PL FN
MC10106 Triple 4-3-3 Input NOR Gate 16 PL FN
MC10107 Triple 2-Input Exclusive Or/Exclusive NOR Gate 16 PL FN
MC10109 Dual 4-5 Input OR/NOR Gate 16 PL FN
MC10110 Dual 3—-Input 3-Output OR Gate ‘ 16 PL FN
MC10111 Dual 3-Input 3-Output NOR Gate 16 PL FN
MC10113 Quad Exclusive OR Gate 16 PL FN
MC10114 Triple Line Receiver 16 PL FN
MC10115 Quad Line Receiver . 16 PL FN
MC10116 Triple Line Receiver 16 PL FN
MC10117 Dual 2-Wide 2-3-Input OR-AND/OR-AND-Invert Gate 16 PL FN
MC10118 Dual 2-Wide 3-Input OR-AND Gate 16 PL FN
MC10119 4-Wide 4-3-3-3 Input OR-AND Gate 16 PL FN
MC10121 4-Wide OR-AND/OR-AND-Invert Gate 16 PL FN
MC10123 Triple 4-3-3 Input Bus Driver (25Q) 16 PL FN
MC10124 Quad TTL-to-MECL Translator 16 PL FN
MC10125 Quad MECL-to-TTL Translator 16 PL FEN
MC10128 Bus Driver ' 16 L
MC10129 Quad Bus Receiver 16 L
MC10130 Dual Latch 16 PL FN
‘MC10131 Dual Type D Master-Slave Flip-Flop 16 PL FN
MC10132 Dual Multiplexer With Latch and Common Reset 16 PL
MC10133 Quad Latch 16 PL FN
MC10134 Dual Multiplexer With Latch 16 PL FN
MC10135 Dual J-K Master-Slave Flip-Flop . 16 PL FN
MC10136 Universal Hexadecimal Counter ' 16 PL FN
MC10137 Universal Decade Counter 16 PL
MC10138 Bi~Quinary Counter 16 PL FN
MC10141 4-Bit Universal Shift Register 16 PL FN
MC10153 Quad Latch 16 PL FN
MC10154 Binary Counter ) 16 PL
MC10158 Quad 2-input Multiplexer (Non—Inverting) 16 PL FN
MC10159 Quad 2-Input Multiplexer (Inverting) 16 PL FN
MC10160 12-Bit Parity Generator/Checker 16 PL FN
MC10161 Binary to 1-8 Decoder, (Low) 16 PL FN

*< 20-Pin DIP = 20-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on Page 3.1-62
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MECL 10K (continued)

Numeric Listing (continued)

Device Function Pins DIP SM*
MC10162 Binary to 1-8 Decoder, (High) 16 PL FN
MC10164 8-Line Multiplexer 16 PL FN
MC10165 8—Input Priority Encoder 16 PL FN
MC10166 5-Bit Magnitude Comparator 16 PL FN
MC10168 Quad Latch 16 PL FN
MC10170 9 + 2-Bit Parity Generator—Checker 16 PL FN
MC10171 Binary to 1-4 Decoder (Low) 16 PL FN
MC10172 Dual Binary to 1-4 Decoder (High) 16 PL FN
MC10173 Quad 2-Input Multiplexer/Latch 16 PL FN
MC10174 Dual 4-to—1 Multiplexer 16 PL FN
MC10175 Quint Latch 16 PL FN
MC10176 Hex D Master—Slave Flip—Flop 16 PL FN
MC10178 Binary Counter 16 PL FN
MC10181 4-Bit Arithmetic Logic Unit/Function Generator 24 PL
MC10186 Hex D Master—Slave Flip—Flop With Reset 16 PL FN
MC10188 Hex Buffer With Enable 16 PL FN
MC10189 Hex Inverter With Enable 16 PL FN
MC10190 Quad MST-to-MECL 10K Translator 16 PL FN
MC10192 Quad Bus Driver 16 PL FN
MC10193 Error Detection—Correction Circuit (Motorola Code) 16 PL
MC10195 Hex Inverter/Buffer 16 PL FN
MC10197 Hex AND Gate 16 PL FN
MC10198 Monostable Multivibrator 16 PL FN
MC10210 Dual 3-Input, 3-Output OR Gate 16 PL FN
MC10211 Dual 3—Input, 3-Output NOR Gate 16 PL FN
MC10212 High Speed Dual 3-Input 3-Output OR/NOR Gate 16 PL FN
MC10216 High Speed Triple Line Receiver 16 PL FN
MC10231 High Speed Dual D Master—Slave Flip—Flop 16 PL FN
MC10804 ECL/TTL Inverting Bidirectional Transceivers With Latch (4-Bit) 16 L
MC10805 ECL/TTL Inverting Bidirectional Transceivers With Latch (5-Bit) 20 L

*< 20-Pin DIP = 20-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on Page 3.1-62
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MECL 10H

Numeric Listing

Device Function Pins DIP SMm*
MC10H016 — 4-Bit Binary Counter 16 PL FN
MC10H100 — Quad 2-Input NOR Gate With Strobe ) 16 PL FN
MC10H101 — Quad OR/NOR Gate 16 PL FN
MC10H102 — Quad 2-Input NOR Gate 16 PL | FN
MC10H103 C— Quad 2-Input OR Gate : 16 PL FN
MC10H104 — Quad 2-Input AND Gate 16 PL FN
MC10H105 = Triple 2-3-2 Input OR/NOR Gate 16 PL FN
MC10H106 — Triple 4-3-3 Input NOR Gate 16 PL FN
MC10H107 — Triple 2-Input Exclusive OR/Exclusive NOR Gate 16 PL FN
MC10H109 — Dual 4-5 Input OR/NOR Gate 16 PL FN
MC10H113 — Quad Exclusive OR Gate 16 PL FN
MC10H115 — Quad Line Receiver 16 PL FN
MC10H116 — Triple Line Receiver : 16 PL D,FN
MC10H117 — Dual 2-Wide 2-3~Input OR-AND/OR-AND~Invert Gate 16 PL FN
MC10H118 — Dual 2-Wide 3-Input OR-AND Gate 16 PL FN
MC10H119 — 4~Wide 4-3-3-3 Input OR-AND Gate 16 PL FN
MC10H121 — 4-Wide OR-AND/OR-AND-Invert Gate 16 PL FN
MC10H123 — Triple 4-3-3 Input Bus Driver (25Q) 16 PL FN
MC10H124 — Quad TTL-to~-MECL Translator, With TTL Strobe Input 16 PL FN
MC10H125 - Quad MECL-to-TTL Translator 16 PL FN
MC10H130 — Dual Latch 16 PL FN
MC10H131 —_ Dual Type-D Master-Slave Flip-Flop 16 PL FN
MC10H135 - Dual J-K Master-Slave Flip-Flop 16 PL FN
MC10H136 —_ Universal Hexadecimal Counter 16 PL FN
MC10H141 — 4-Bit Universal Shift Register 16 PL FN
MC10H145 — 16 X 4-Bit Register File (RAM) 16 PL FN
MC10H158 — Quad 2-Input Multiplexer, Non—-Inverting Output 16 PL FN
MC10H159 — Quad 2-Input Multiplexer, Inverting Output 16 PL FN
MC10H160 — 12-Bit Parity Generator/Checker 16 PL FN
MC10H161 . - Binary to 1-8 Decoder, (Low) 16 PL FN
MC10H162 — Binary to 1-8 Decoder, (High) 16 PL .| FN
MC10H164 — 8-Line Multiplexer - 16 PL FN
MC10H165 — 8-Input Priority Encoder 16 PL FN
MC10H166 — 5-Bit Magnitude Comparator 16 PL FN
MC10H171 — Dual Binary to 1-4 Decoder (Low) 16 PL- FN
MC10H172 — Dual Binary to 1-4 Decoder (High) 16 PL FN
MC10H173 — Quad 2 Input Multiplexer With Latch 16 PL FN
MC10H174 — Dual 4-to—1 Multiplexer 16 PL FN
MC10H175 — Quint Latch 16 PL FN
MC10H176 — Hex D Master—Slave Flip—Flop 16 PL FN

*< 20-Pin DIP = 20~-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on Page 3.1-62
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MECL 10H (continued)

Numeric Listing (continued)

Device Function Pins DIP SM*
MC10H179 — Look Ahead Carry Block 16 PL FN
MC10H180 — Dual 2-Bit Adder/Subtractor 16 PL FN
MC10H181 — 4-Bit Arithmetic Logic Unit/Function Generator 24 PL FN
MC10H186 —_ Hex D Master—Slave Flip—Flop With Reset 16 PL FN
MC10H188 — Hex Buffer With Enable 16 PL FN
MC10H189 — Hex Inverter With Enable 16 PL FN
MC10H209 — Dual 4-5-Input OR/NOR Gate 16 PL FN
MC10H210 — Dual 3—Input, 3—Output OR Gate 16 PL FN
MC10H211 — Dual 3-Input, 3-Output NOR Gate 16 PL FN
MC10H330 — Quad Bus Driver/Receiver With 2-to—1 Output Multiplexer (25Q) 24 PL FN
MC10H332 — Dual Bus Driver/Receiver With 4—to—1 Output Multiplexer (25Q) 20 PL FN
MC10H334 — Quad Bus Driver/Receiver With Transmit & Receiver Latches (25Q) 20 PL FN
MC10H350 — ECL-to-TTL Translator (Single P.S. @+ 5.0V) 16 PL FN
MC10H351 — Quad TTL/NMOS—to-PECL Translator (Single P.S. @+ 5.0V) 20 PL FN
MC10H352 — Quad CMOS-to-ECL Translator (Single P.S. @+ 5.0V) 20 PL FN
MC10H423 — Triple 3-Input Bus Driver With Enable (25Q) 16 PL FN
MC10H424 — Quad TTL-to—ECL Translator (ECL Strobe) 16 PL FN
MC10H600 MC100H600 9-Bit TTL/ECL Translator 28 FN
MC10H601 MC100H601 9-Bit ECL/TTL Translator 28 FN
MC10H602 MC100H602 9-Bit Latch TTL/ECL Translator 28 FN
MC10H603 MC100H603 9-Bit Latch ECL/TTL Translator 28 FN
MC10H604 MC100H604 Registered HEX TTL/ECL Translator 28 FN
MC10H605 MC100H605 Registered Hex ECL/TTL Translator 28 FN
MC10H606 MC100H606 Registered Hex TTL/PECL Translator 28 FN
MC10H607 MC100H607 Registered Hex PECL/TTL Translator 28 FN
MC10H640 MC100H640 68030/040 PECL/TTL Clock Driver 28 FN
MC10H641 MC100H641 Single Supply PECL/TTL 1:9 Clock Distribution Chip 28 FN
MC10H642 MC100H642 68030/040 PECL/TTL Clock Driver 28 FN
MC10H643 MC100H643 Dual Supply ECL/TTL 1:8 Clock Driver 28 FN
MC10H644 MC100H644 68030/40 PECL/TTL Clock Driver 20 FN
MC10H645 — 1:9 TTL-TTL Clock Distribution Chip 28 FN
MC10H646 MC100H646 1:8 PECL/TTL to TTL Clock Distribution Chip 28 FN
MC10H660 MC100H660 4-Bit ECL-TTL Load Reducing DRAM Driver 28 FN
MC10H680 MC100H680 4-Bit Differential ECL Bus/TTL Bus Transceiver 28 FN
MC10H681 MC100H681 Hex ECL/TTL Transceiver With Latches 28 FN

*< 20-Pin DIP = 20-Pin PLCC; > 20-Pin DIP = 28-Pin PLCC; See Conversion Table on Page 3.1-62
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ECLinPS

Numeric Listing

Device Function Pins DIP SM
MC10E016 MC100E016 8-Bit Synchronous Binary Up Counter 28 . FN
MC10E101 MC100E101 Quad 4-Input OR/NOR Gate 28 FN
MC10E104 MC100E104 Quint 2-Input AND/NAND Gate 28 FN
MC10E107 MC100E107 Quint 2—Input XOR/XNOR Gate . ) 28 FN
MC10E111 MC100E111 1:9 Differential Clock Driver With Low Skew, Enable, Vbb 28 FN
MC10E112 MC100E112 Quad Driver 28. FN
MC10E116 MC100E116 Quint Differential Line Receiver 28 FN
MC10E122 MC100E122 9-Bit Buffer 28 FN
MC10E131 MC100E131 4-Bit D Flip—Flop Individual Clock, Reset Differential Output 28 FN
MC10E136 MC100E136 6-Bit Universal Counter, (Lookahead Carry) 28 FN
MC10E137 - MC100E137 8-Bit Ripple Counter ‘ 28 FN
MC10E141 MC100E141 8-Bit Shift Register 28 FN
MC10E142 MC100E142 9-Bit Shift Register, 700MHz, With Asynchronous Master Reset 28 FN
MC10E143 MC100E143 9-Bit Shift Register, 700MHz, With Asynchronous Master Reset 28 FN
MC10E150 MC100E150 6-Bit D Latch ) 28 FN
MC10E151 MC100E151 6-Bit D Register With Common Clock, Asynchronous Master Reset, 28 FN
: ) Differentia_l Outputs
MC10E154 MC100E154 5-Bit 2:1 Mux—Latch, With Common Enable, Asynchronous Master Reset 28 FN
Differential Output
MC10E155 MC100E155 6-Bit 2:1 Mux-Latch, With Common Enable, Asynchronous Master Reset 28 FN
Single Ended
MC10E156 MC100E156 3-Bit 4:1 Mux—Latch, With Common Enable, Asynchronous Master Reset, 28 FN
Differential Output
MC10E157 MC100E157 Quad 2:1 Mux, Individual-Select 28 FN
MC10E158 MC100E158 5-Bit 2:1 Multiplexer, With Differential Output 28 FN
MC10E160 MC100E160 12-Bit Parity Generator/Checker, Register—Shiftable, Differential Output 28 FN
MC10E163 MC100E163 2-Bit 8:1 Multiplexer 28 FN
MC10E164 MC100E164 16:1 Multiplexer 28 FN
MC10E166 MC100E166 9-Bit Magnitude Comparator 28 FN
MC10E167 MC100E167 6-Bit 2:1 Mux—Register With Common Clock, Asynchronous Master Reset 28 FN
Single Ended
MC10E171 MC100E171 3-Bit 4:1 Multiplexer, With Split Select Differential Output 28 FN
MC10E175 MC100E175 9-Bit Latch, With Parity 28 FN
MC10E193 MC100E193 Error Detection and Correction Circuit 28 FN
MC10E195 MC100E195 Programmable Delay Chip (Digitally Selectable 20ps Res) 28 FN
MC10E196 MC100E196 Programmable Delay Chip (Dig 80ps Anal. 1.6 Ps/mv) 28 FN
MC10E197 — Data Separator 28 FN
MC10E211 MC100E211 1:6 Differential Clock Distribution Chip 28 FN
MC10E212 MC100E212 3-Bit Scannable Registered Address Driver, ECL 28 FN
MC10E241 MC100E241 8-Bit Scannable Register 28 FN
MC10E256 MC100E256 3-Bit 4:1 Mux-Latch (Integrated E156 & E171) 28 FN
MC10E336 MC100E336 3-Bit Registered Bus Transceiver, 25Q Cutoff Outputs 28 FN
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ECLInPS (continued)

Numeric Listing (continued)

Device Function Pins DIP SM
MC10E337 MC100E337 3-Bit Scannable Registered Bus Transceiver 28 FN
MC10E404 MC100E404 Quad Differential AND/NAND Gate . 28 FN
MC10E416 MC100E416 Quint Differential Line Receiver 28 FN
MC10E431 MC100E431 3-Bit Differential Flip—Flop 28 FN
MC10E445 MC100E445 4-Bit Serial/Parallel Converter 28 FN
MC10E446 MC100E446 4-Bit Parallel/Serial Converter 28 FN
MC10E451 MC100E451 6-Bit D Register, With Differential Inputs, (Data & Clock) , Vbb, Common 28 FN
Reset
MC10E452 MC100E452 5-Bit Differential Register 28 FN
MC10E457 MC100E457 Triple Differential 2:1 Multiplexer 28 FN
MC10E1651 — Dual Analog Comparator With Latch 16 L FN
MC10E1652 — Dléa[ Analog Comparator With Latch (High Performance Version of 16 L FN
MC1651)

ECLinPS Lite

Numeric Listing

Device Function Pins DIP SM*
MC10ELO1 MC100ELO1 4-Input OR/NOR Gate 8 D
MC10ELO4 MC100EL04 2—-Input AND/NAND Gate 8 D
MC10ELO5 MC100ELO5 2-Input Differential AND/NAND Gate 8 D
MC10ELO7 MC100ELO7 2—-Input XOR/NOR Gate 8 D
MC10EL11 MC100EL11 1:2 Differential Clock Driver 8 D
MC10EL12 MC100EL12 Driver 8 D
MC10EL16 MC100EL16 Differential Receiver 8 D
MC10EL31 MC100EL31 D Flip—Flop With Set & Reset 8 D
MC10EL32 MC100EL32 P 2 Divider 8 D
MC10EL33 MC100EL33 P 4 Divider 8 D
MC10EL35 MC100EL35 J-K Flip—Flop 8 D
MC10EL51 MC100EL51 Differential Clock D Flip—Flop 8 D
MC10EL52 MC100EL52 Differential Data & Clock D Flip—Flop 8 D
MC10EL58 MC100EL58 2:1 Multiplexer 8 D
MC10EL89 — Coaxial Cable Driver 8 D
MC10ELT25 MC100ELT25 Differential ECL-to—TTL Translator 8 D
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CMOS Overview

Motorola offers three complete CMOS families, each enhanced for different design applications. Metal Gate CMOS, for low
power and wide ranging voltage applications; High-Speed CMOS for compatibility with LSTTL; and FACT (Advanced CMOS)
combining the best of both families with high speed, low power and high output drive characteristics.

Metal Gate

Motorola’s Standard 14000 Series Metal Gate CMOS logic
family consists of a full line of products which are pinout
compatible with many LSTTL and High—Speed CMOS series
devices. These Metal Gate CMOS devices meet or exceed
the industry—standardized family specifications. Some
additional features are:

o Very Low Power Dissipation

o Available Packages: Dual-in-Line Ceramic, Dual-in-Line
Plastic and SOIC

Electrical Parameters Specified —-55°C to +125°C on all
packages

e 3-18 Volt Operational Limits

e Parameters Specified at 5.0V, 10V and 15V Supply

e Capable of Driving Two Low—Power TTL Loads or One
Low—Power Schottky TTL Load Over the Rated
Temperature Range

Direct Interface to High—Speed CMOS and Many LSTTL
Devices

Maximum Input Current of £1.0pnA at 15V Power Supply
Over the Temperature Range

High-Speed

Motorola’s High-Speed CMOS logic family consists of a

full line .of products that are pinout compatible with many -

LSTTL and MC14000B Standard CMOS series devices. Use
of silicon—gate processing technology allows the High—-Speed
CMOS family to combine the switching speeds and operating
frequencies of LSTTL with the lower power consumption and
high noise immunity advantages of CMOS.
¢ Wide Operating Voltage Range

HC/HCU: 2.0-6.0V Recommended

HCT: 5.0V £10% Recommended
e High Noise Immunity
¢ High Fanout

Standard Outputs Drive 10 LSTTL Loads (4mA)

Bus Outputs Drive 15 LSTTL Loads (6mA)
¢ Wide Operating Temperature Range: —-55°C to +125°C

¢ Noise Margins:
B Series (Buffered)
1.0V Min @ 5.0V Supply

2.0V Min @ 10V Supply
2.5V Min @ 15V Supply

UB Series (Unbuffered)
0.5V Min @ 5.0V Supply

1.0V Min @ 10V Supply
1.0V Min @ 15V Supply

* UB Devices Have Single Inverting Stage Between Input
and Output
Can Be Used in a Linear Mode to Form Oscillators,
Monostables or Amplifiers

Decreased Gain Results in Increased Stability and a
Cleaner Output Waveform

Increases Speed Since Only a Single Stage Is Involved

Low Input Current
Low Power Dissipation
Improved ESD and Latch—-Up Performance
Direct Pin Compatibility:
HCXXX or HCTXXX With LSTTL
HC4XXX With CMOS
* Input Logic Compatible:
HCXXX or HC4XXX With CMOS
HCTXXX With LSTTL B
o Available Packages: Dual-in-Line Ceramic, Dual-in-Line
Plastic and SOIC
* Proven Reliability and Process:
Reliability Report Available From Your Local Motorola
Sales Office

e o o o
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FACT

Motorola FACT is the latest advanced family of CMOS logic
devices which offer system designers a solution to the
problem of high speed and low power in a standard product.
Until now, designers had to choose between either high speed
with large power consumption, or low power with low speed.

Motorola FACT is fabricated using a sub—two micron,
silicon gate process. This process has been proven in the past
few years in high performance gate arrays and is the basis of
the product family for future logic systems.

FACT is faster than any previous CMOS technology and
approaches the speed of advanced bipolar devices. This
superior speed allow direct replacement of slower speed
CMOS or bipolar products with the inherent capabilities of
advanced CMOS.

CMOS Family Comparisons

General Characteristics (All Maximum Ratings)

Low power consumption is a major advantage of CMOS.
During standby operating mode, power consumption is near
zero.

e High Output Drive: Sink or Source 24mA
« Providing Wide Logic Fanout and Will Drive a 50Q

Transmission Line
o Noise Immunity: Consistent, Predictable, Wide Margin
Input Switching Level
Standardized Packages/Pinouts: Available in Either
Dual-in—Line or SOIC Packages
Function Pinouts Adhere to Industry Standards for
Interchangeability and Circuit Layout
Motorola FACT Is Directly Interchangeable and Has
Identical Performance Specifications With FACT From
National Semiconductor Corporation

o

Characteristics Symbol LS ALS HCMOS FACT Unit
Operating Voltage Range VCC/EE/DD 5+5% 5+10% 20t06.0 20t06.0 \
Operating Temperature tA 74 Series 0to+70 0to+70 —551t0 +125 —40 to +85 °C
Input Voltage (limits) ViH (min) 2.0 2.0 3.15 3.15 \

VL (max) 0.8 0.8 0.9 1.35 \%
Output Voltage (limits) VoH (min) 2.7 27 Vee -0.1 Vee—-01 \
VoL (max) 05 0.5 0.1 0.1 \
Input Current liH 20 20 +1.0 +1.0 pA
i -400 -200 1.0 -1.0 pA
Output Current @ Vo (limit) IoH -0.4 -0.4 -4.0 @ Vcc 0.8 -24 @ Vo —-0.8 mA
loL 8.0 8.0 40@04V 24 @04V mA
Egvmfgl_"{'argi" DCM 0.3/0.7 0.4/0.7 0.8/1.25 1:25/1.25 v
DC Fanout (LSTTL Unit Loads) 20 20 10 60 Unit
Loads
Speed/Power Characteristics (All Typical Ratings)

Characteristics Symbol LS ALS HCMOS FACT Unit
Quiescent Supply Current/Gate g 0.4 0.2 0.0005 0.0005 mA
Power/Gate (Quiescent) PG 2.0 1.2 0.0025 0.0025 mw
Propagation Delay tp 7.0 5.0 8.0 4.8 ns
Speed Power Product — 14 6.0 0.02 0.01 pd
Clock Frequency D/FF fmax 33 50 50 160 MHz
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Metal Gate 14000 Series

Numeric Listing

Device Function Pins DIP SM
MC14000UB Dual 3-Input NOR Gate + Inverter (Unbuffered) 14 PL D
MC14001B Quad 2-Input NOR Gate 14 PL D
MC14001UB Quad 2—-Input NOR Gate (Unbuffered) 14 PL D
‘MC14002B Dual 4-Input NOR Gate 14 PL D
MC14002UB Dual 4-Input NOR Gate (Unbuffered) 14 PL D
MC14006B 18-Bit Static Shift Register 14 PL D
MC14007UB Dual Complementary Pair Plus Inverter (Unbuffered) 14 PL D
MC14008B 4-Bit Full Adder 16 PL D
MC14011B Quad 2-Input NAND Gate 14 PL D
MC14011UB Quad 2—-Input. NAND Gate (Unbuffered) 14 PL D
MC14012B Dual 4-Input NAND Gate 14 PL- D
MC14012UB Dual 4-Input NAND Gate (Unbuffered) 14 PL D
MC14013B Dual D Flip—Flop 14 PL D
MC14014B 8-Bit Static Shift Register 16 PL D
MC14015B Dual 5-Bit Shift Register 16 PL D
MC14016B Quad Analog Switch/Multiplexer 14 PL D
MC14017B Decade Counter 16 PL D
MC14018B Presettable Divide—by—N Counter 16 PL D
MC14020B 14-Bit Binary Counter 16 PL D
MC14021B 8-Bit Static Shift Register 16 PL D
MC14022B Octal Counter 16 PL. D
MC14023B Triple 3—Input NAND Gate 14 PL D
MC14023UB Triple 3-Input NAND Gate (Unbuffered) 14 PL D
MC14024B 7-stage Ripple Counter 14 PL D
MC14025B Triple 3—Input NOR Gate 14 PL D
MC14025UB Triple 3—Input NOR Gate (Unbuffered) 14 PL D
MC14027B Dual J-K Flip—Flop 16 PL D
MC14028B BCD-to-Decimal Decoder 16 PL D
MC14029B Presettable Binary/BCD Up/Down Counter 16 PL D
MC14035B 4-Bit Shift Register 16 PL D
MC14038B Triple Serial Adder (Negative Logic) 16 PL D
MC14040B 12-Bit Binary Counter 16 PL D
MC14042B Quad Transparent Latch 16 PL D
MC14043B Quad NOR R-S Latch 16 PL D
MC14044B Quad NAND R-S Latch 16 PL D
MC14046B Phase-Locked Loop 16 PL DW
MC14049B Hex Inverter/Buffer 16 PL D
MC14049UB Hex Inverter/Buffer (Unbuffered) 16 PL D
MC14050B Hex Buffer/Non-Inverting 16 PL D
MC14051B 8-Channel Analog Multiplexer/Demultiplexer 16 PL D
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Metal Gate 14000 Series (continued)

Numeric Listing (continued)

Device Function Pins DIP SM
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer 16 PL D
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer 16 PL D
MC14060B 14-Bit Binary Counter and Oscillator 16 PL D
MC14066B Quad Analog Switch/Multiplexer 14 PL D
MC14067B 16—Channel Analog Multiplexer/Demultiplexer 24 PL bw
MC14068B 8-Input NAND Gate 14 PL D
MC14069UB Hex Inverter (Unbuffered) 14 PL D
MC14070B Quad Exclusive OR Gate 14 PL D
MC14071B Quad 2-Input OR Gate 14 PL D
MC14072B Dual 4-input OR Gate 14 PL D
MC14073B Triple 3—Input AND Gate 14 PL D
MC14075B Triple 3-Input OR Gate 14 PL D
MC14076B Quad D-Type Register With 3-State Outputs 16 PL D
MC14077B Quad Exclusive NOR Gate 14 PL D
MC14078B 8-Input NOR Gate 14 PL D
MC14081B Quad 2-Input AND Gate 14 PL D
MC14082B Dual 4-Input AND Gate 14 PL D
MC14093B Quad 2—-Input NAND Schmitt Trigger 14 PL D
MC14094B 8-Stage Shift/Store Register With 3—State Outputs 16 PL D
MC14099B 8-Bit Addressable Latch 16 PL DW
MC14106B Hex Schmitt Trigger 14 PL D
MC14161B 4-Bit Binary Counter, Synchronous Presettable 16 PL D
MC14163B 4-Bit Binary Counter, Synchronous Presettable 16 PL D
MC14174B Hex D Flip—Flop 16 PL D
MC14175B Quad D Flip—Flop 16 PL D
MC14194B 4-Bit Universal Shift Register 16 PL D
MC14415 Quad Precision Timer/Driver (Buffered) 16 PL Dw
MC14490 Hex Contact Bounce Eliminator (Buffered) 16 PL bDw
MC14500B Industrial Control Unit 16 PL DwW
MC14501UB Dual 4-Input NAND, 2—-Input NOR/OR, 8-Input AND/NAND Gate (Unbuffered) 16 PL D
MC14502B Strobed Hex Inverter/Buffer 16 PL bDw
MC14503B Hex With 3—State Outputs Buffer (Non-Inverting) 16 PL D
MC14504B Hex TTL OR CMOS to CMOS Hex Level Shifter 16 PL
MC14506UB Dual Expandable AND OR Invert Gate (Unbuffered) . 16 PL D
MC14508B Dual 4-Bit Latch 24 PL DW
MC14510B Presettable BCD Up/Down Counter 16 PL D
MC14511B BCD-to—7-segment Latch/Decoder/Driver 16 PL D,DW
MC14512B 8-Channel Data Selector 16 PL D
MC14513B BCD-to—-7-Segment Latch/Decoder/Driver With Ripple Blanking 18 PL
MC14514B 4-Bit Transparent Latch/4—to-16 Line Decoder(High) 24 PL bDw
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Metal Gate 14000 Series (continued)
Numeric Listing (continued)

Device Function Pins DIP SM
MC14515B 4-Bit Transparent Latch/4—to—16 Line Decoder(Low) 24 PL DW
MC14516B Presettable Binary Up/Down Counter 16 PL D
MC14517B Dual 64-Bit Static Shift Register 16 PL DW
MC14518B Dual BCD Up Counter 16 PL DW
MC14519B 4-Bit AND/OR Selector 16 PL D
MC14520B Dual Binary Up Counter 16 PL DW
MC14521B  24-Stage Frequency Divider 16 PL D
MC14522B Presettable 4-Bit BCD Down Counter 16 PL DW
MC14526B Presettable 4-Bit Binary Down Counter 16 PL DW
MC14527B BCD Rate Multiplier 16 PL DW
MC14528B Dual Monostable Multivibrator ' 16 PL D
MC14529B Dual 4-Channel Analog Data Selector 16 PL D
‘MC14530B Dual 5-Input Majority Logic Gate 16 PL D
MC14531B 12-Bit Parity Tree 16 PL D
MC14532B 8-Bit Priority Encoder 16 PL D
MC14534B 5 Cascaded BCD Counters 24 PL DW
MC14536B Programmable Timer 16 PL DW
MC14538B Dual Precision Monostable Multivibrator 16 PL |D,DW
MC14539B Dual 4-Channel Data Selector/Multiplexer 16 PL D
MC14541B Programmable Oscillator Timer 14 PL D
MC14543B BCD-to—7—-Segment Latch/Decoder/Driver for Liquid Crystals 16 PL D
MC14544B BCD-to—-7-Segment Latch/Decoder/Driver With Ripple Blanking 18 PL
MC14547B High Current BCD-to—-7—-Segment Decoder/Driver 16 PL DW
MC14549B Successive Approximation Register 16 PL DW
MC14551B Quad 2—-Channel Analog Multiplexer/Demultiplexer 16 PL D
MC14553B 3-Digit BCD Counter 16 PL DW
MC14555B Dual Binary to 1—of—4 Decoder (Active High Outputs) 16 PL D
MC14556B Dual Binary to 1—of—4 Decoder (Active Low Outputs) 16 PL
MC14557B 1-to—-64-Bit Variable Length Shift Register 16 PL DW
MC14558B BCD-to—-7—-Segment Decoder 16 PL D
MC14559B Successive Approximation Register 16 PL DW
MC14560B NBCD Adder 16 PL
MC14561B 9's Complementer ' 14 PL
MC14562B 128-Bit Static Shift Register 14 PL
MC14566B- Industrial Time Base Generator 16 Pl
MC14568B Phase Comparator and Programmable Counter 16 PL D
MC14569B Programmable Dual Binary/BCD Counter 16 PL DW
MC14572UB Hex NAND/NOR/Invert Gate (Unbuffered) 16 PL D
MC14583B Dual Schmitt Trigger 16 PL
MC14584B Hex Schmitt Trigger 14 PL D
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Metal Gate 14000 Series (continued)

Numeric Listing (continued)

Device Function Pins DIP SM
MC14585B 4-Bit Magnitude Comparator 16 PL D
MC14598B 8-Bit Bus Compatible Addressable Latch 18 PL
MC14599B 8-Bit Addressable Latch 18 PL
High-Speed
Numeric Listing

Device Function Pins DIP SM
MC54HCO00A MC74HCO00A Quad 2-Input NAND Gate 14 N,J D
MC54HC02A MC74HCO02A Quad 2-Input NOR Gate 14 N,J D
MC54HCO03A MC74HCO3A Quad 2-Input NAND Gate With Open—Drain Outputs 14 N,J D
MC54HC04A MC74HCO04A Hex Inverter 14 N,J D
MC54HCUO4 MC74HCU04 Hex Unbuffered Inverter 14 N,J D
MC54HCO08A MC74HCO08A Quad 2-Input AND Gate 14 N,J D
MC54HC10 MC74HC10 Triple 3~Input NAND Gate 14 N,J D
MC54HC11 MC74HC11 Triple 3-Input AND Gate 14 N,J D
MC54HC14A MC74HC14A Hex Schmitt Trigger Inverter 14 N,J D
MC54HC20 - | MC74HC20 Dual 4-Input NAND Gate 14 N,J D
MC54HC27 MC74HC27 Triple 3-Input NOR Gate 14 N,J D
MC54HC30 MC74HC30 8—Input NAND Gate 14 N,J D
MC54HC32A MC74HC32A Quad 2-Input OR Gate 14 N,J D
MC54HC42 MC74HC42 1-of—10 Decoder 16 N,J D
MC54HC51 MC74HC51 2-Wide, 2-Input/2-Wide, 3—Input AND-NOR Gate 14 N,J D
MC54HC58 MC74HC58 2-Wide, 2-Input/2-Wide, 3—Input AND-OR Gate 14 N,J D
MC54HC73 MC74HC73 Dual J-K Flip—Fiop With Reset 14 N,J D
MC54HC74A MC74HC74A Dual D Flip-Flop With Set and Reset 14 N,J D
MC54HC75 MC74HC75 Dual 2—Bit Transparent Latch 16 N,J D
MC54HC85 MC74HC85 4-Bit Magnitude Comparator 16 N,J
MC54HC86 MC74HC86 Quad 2-Input Exclusive OR Gate 14 N,J D
MC54HC107 MC74HC107 Dual J-K Flip—Flop With Reset 14 | NJ D
MC54HC109 MC74HC109 Dual J-K(bar) Flip—Flop With Set and Reset 16 N,J D
MC54HC112 MC74HC112 Dual J-K Flip—Flop With Set and Reset 16 N,J D
MC54HC125A MC74HC125A Quad With 3-State Outputs Non-Inverting Buffer 14 N,J D
MC54HC126A MC74HC126A Quad With 3—State Outputs Non-Inverting Buffer 14 N,J D
MC54HC132A MC74HC132A Quad 2-Input NAND Gate With Schmitt Trigger Inputs 14 N,J D
MC54HC133 MC74HC133 13-Input NAND Gate 16 N,J D
MC54HC137 MC74HC137 1-of-8 Decoder/Demultiplexer With Address Latch 16 N,J D
MC54HC138A MC74HC138A 1-of-8 Decoder/Demultiplexer 16 N,J D
MC54HC139A MC74HC139A Dual 1—of-4 Decoder/Demultiplexer 16 N,J D
MC54HC147 MC74HC147 Decimal-to-BCD Encoder 16 N,J D
MC54HC151 MC74HC151 8-Input Data Selector/Multiplexer 16 N,J D
MC54HC153 MC74HC153 Dual 4-Input Data Selector/Multiplexer 16 N,J D
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Device Function Pins DIP SM

MC54HC154 MC74HC154 1-0f-16 Decoder/Demultiplexer 24 N,J DW
MC54HC157A MC74HC157A Quad 2-Input Data Selector/Multiplexer 16 N,J D
MC54HC160 MC74HC160 Presettable Counter 16 N,J D
MC54HC161A MC74HC161A Presettable Counter 16 N,J D
MC54HC162 MC74HC162 Presettable Counter 16 N,J D
MC54HC163A MC74HC163A Presettable Counter 16 N,J D
MC54HC164 MC74HC164 8-Bit Serial~Input/Parallel-Output Shift Register 14 N,J
MC54HC165 MC74HC165 8-Bit Serial or Parallel-Input/Serial~Output Shift Register 16 N,J D
MC54HC173 MC74HC173 Quad With 3-State Outputs D Flip—Flop With Common Clock & Reset 16 N,J D
MC54HC174A MC74HC174A Hex D Flip-Flop With Common Clock & Reset 16 N,J D
MC54HC175 MC74HC175 Quad D Flip-Flop With Common Clock & Reset 16 N,J D
MC54HC194 MC74HC194 4-Bit Bidirectional Universal Shift Register 16 N,J
MC54HC195 MC74HC195 4-Bit Universal Shift Register 16 N,J
MC54HC237 MC74HC237 1-of-8 Decoder/Demultiplexer With Address Latch 16 N,J D
MC54HC240A MC74HC240A Octal With 3-State Outputs Inverting Buffer/Line Driver/line Receiver 20 N,J DwW
MC54HC241A MC74HC241A Octal With 3-State Outputs Non—Inverting Buffer/Line Driver/Line .20 N,J DW

Receiver
MC54HC242 MC74HC242 Quad With 3—State Outputs Inverting Bus Transceiver 14 N,J
MC54HC244A MC74HC244A Octal With 3-State Outputs Non—Inverting Buffer/Line Driver/Line 20 N,J DW

Receiver
MC54HC245A MC74HC245A Octal With 3-State Outputs Non—Inverting Bus Transceiver 20 N,J DW
MC54HC251 MC74HC251 8-Input Data Selector/Multiplexer With 3-State Outputs 16 N,J D
MC54HC253 MC74HC253 Dual 4-Input Data Selector/Multiplexer With 3—State Outputs 16 N,J D
MC54HC257 MC74HC257 Quad 2-Input Data Selector/Multiplexer With 3—State Outputs 16 N,J D
MC54HC259 MC74HC259 8-Bit Addressable Latch/1-of-8 Decoder 16 N,J D
MC54HC273A MC74HC273A Octal D Flip—Flop With Common Clock & Reset 20 N,J bW
MC54HC280 MC74HC280 9-Bit Odd/Even Parity Generator/Checker 14 N,J D
MC54HC299 MC74HC299 8-Bit Bidirectional Universal Shift Register With parallel I/0 20 N,J DW
MC54HC365 MC74HC365 Hex With 3-State Outputs Non-Inverting Buffer With Separate 2-Bit/4—Bit 16 N,J

Sections
MC54HC366 MC74HC366 Hex With 3-State Outputs Inverting Buffer With Common Enables 16 N,J
MC54HC367 MC74HC367 Hex With 3-State Outputs Non-Inverting Buffer With Separate 2-Bit and 16 N,J

4-Bit Sections
MC54HC368 MC74HC368 Hex With 3-State Outputs Inverting Buffer With Separate 2-Bit and 4-Bit 16 N,J

Sections
MC54HC373A MC74HC373A Octal With 3-State Outputs Non-Inverting Transparent Latch 20 N,J DW
MC54HC374A MC74HC374A Octal With 3-State Outputs Non—Inverting D Flip—Flop 20 N,J Dw
MC54HC390 MC74HC390 Dual 4-Stage Binary Ripple Counter W +2, +5 Sections 16 N,J D
MC54HC393 MC74HC393 Dual 4-Stage Binary Ripple Counter 14 N,J
MC54HC534A MC74HC534A Octal With 3-State Outputs Inverting D Flip~Flop 20 N,J DW
MC54HC540 MC74HC540 Octal With 3-State Outputs Inverting Buffer/Line Driver/Line Receiver 20 N,J DW
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Numeric Listing (continued)

Device Function Pins DIP SM
MC54HC541 MC74HC541 Octal With 3-State Outputs Non—Inverting Buffer/Line Driver/Line 20 N,J Dw
Receiver
MC54HC563 MC74HC563 Octal With 3-State Outputs Inverting Transparent Latch 20 N,J DW
MC54HC564 MC74HC564 Octal With 3-State Outputs Inverting D Flip—Flop 20 N,J DwW
MC54HC573A MC74HC573A Octal With 3-State Outputs Non—Inverting Transparent Latch 20 N,J DwW
MC54HC574A MC74HC574A Octal With 3-State Outputs Non-Inverting D Flip—Flop 20 N,J DW
MC54HC589 MC74HC589 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With 3—State 16 N,J D
Outputs
MC54HC595A MC74HC595A 8-Bit Serial-Input/Serial or Parallel~Output Shift Register With Latched 16 N,J D
3-State Outputs
MC54HC597 MC74HC597 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With Input 16 N,J D
Latch
MC54HC640A MC74HC640A Octal With 3-State Outputs Inverting Bus Transceiver 20 N,J DW
MC54HC646 MC74HC646 Octal With 3-State Outputs Non-Inverting Bus Transceiver & D Flip—Flop 24 N,J DW
MC54HC688 MC74HC688 8-Bit Equality Comparator 20 N,J DW
MC54HC4002 MC74HC4002 Dual 4-Input NOR Gate 14 N,J
MC54HC4016 MC74HC4016 Quad Analog Switch/Multiplexer/Demultiplexer 14 N,J
MC54HC4017 MC74HC4017 Decade Counter 16 N,J
MC54HC4020 MC74HC4020 14-Stage Binary Ripple Counter 16 N,J
MC54HC4024 MC74HC4024 7-Stage Binary Ripple Counter 14 N,J D
MC54HC4040 MC74HC4040 12-Stage Binary Ripple Counter 16 N,J
MC54HC4046A | MC74HC4046A | Phase—Locked—Loop With VCO 16 N,J D
MC54HC4049 MC74HC4049 Hex Inverting Buffer/Logic-Level Down Converter 16 N,J
MC54HC4050 MC74HC4050 Hex Non-Inverting Buffer/Logic—Level Down Converter 16 N,J D
MC54HC4051 MC74HC4051 8—Channel Analog Multiplexer/Demultiplexer 16 N,J DW
MC54HC4052 MC74HC4052 Dual 4-Channel Analog Multiplexer/Demultiplexer 16 N,J bw
MC54HC4053 MC74HC4053 Triple 2-Channel Analog Multiplexer/Demultiplexer 16 N,J DwW
MC54HC4060 MC74HC4060 14-Stage Binary Ripple Counter With Oscillator ‘ 16 N,J
MC54HC4066 MC74HC4066 Quad Analog Switch/Multiplexer/Demultiplexer 14 N,J D
MC54HC4075 MC74HC4075 Triple 3-Input OR Gate 14 N,J D
MC54HC4078 MC74HC4078 8-Input NOR/OR Gate 14 N,J D
MC54HC4316 MC74HC4316 Quad Analog Switch/Multiplexer/Demultiplexer With Separate 16 N,J D
Analog/Digital Power Supplies
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