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IEEE Standards documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation. They
are not necessarily members of the Institute. The standards developed within IEEE
represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of IEEE which have expressed an interest in participating in
the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does
not imply that there are no other ways to produce, test, measure, purchase, market, or
provide other goods and services related to the scope of the IEEE Standard. Further-
more, the viewpoint expressed at the time a standard is approved and issued is subject
to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE Standard is subjected to review at least
once every five years for revision or reaffirmation. When a document is more than five
years old, and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are
cautioned to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership affiliation with IEEE. Suggestions for changes in documents
should be in the form of a proposed change of text, together with appropriate support-
ing comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions
of standards as they relate to specific applications. When the need for interpretations is
brought to the attention of IEEE, the Institute will initiate action to prepare appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, it is important to ensure that any interpretation has also received the concurrence
of a balance of interests. For this reason IEEE and the members of its technical commit-
tees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Electrical and Elec-
tronics Engineers without regard to whether their adoption may involve patents
on articles, materials, or processes. Such adoption does not assume any liability to
any patent owner, nor does it assume any obligation whatever to parties adopting
the standards documents.
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Foreword

(This Foreword is not a part of IEEE Std 959-1988, IEEE Standard Specifications for an 1/0 Expan-
sion Bus: SBX Bus.)

During the 1980s, the rapid technological advances in computer technology have
positively impacted societies world-wide. The driving force behind computer tech-
nology advancement has been the dramatic improvements in VLSI (very large scale
integration) component technology. The magnitude of VLSI technology changes is
so compelling, that systems based on the latest technologies have substantial
advantages over their predecessors. VLSI technologies are projected to continue
their exponential rates of change throughout the 1990s.

Two concerns are raised by the tremendous rate of change of computer technol-
ogy. First, no one supplier can keep up on all fronts of computer technology
advancements. And second, today’s state-of-the-art designs will be technically obso-
lete in 2 -4 years. The move toward standards is in direct response to both of these
concerns. Standards play a pivotal role in the absorption of computer technology
by providing the key technology decouplers and access points that facilitate the
mixing of products from multiple vendors and modular upgrades with new tech-
nology over time.

This standard was created as a means of quickly integrating the latest 1/0-
oriented VLSI into system designs. The standard defines an interface between a
baseboard and a small piggyback module. This physical partitioning allows generic
baseboards to be quickly and easily customized by the addition of small easily
designed modules. Since these modules typically contain only one VLSI device and a
few support ICs, they can be designed much more quickly than a full baseboard.
Further, with the standardization of the interconnect interface, numerous vendors
have created hundreds of compatible modules. Thus, this standard provides
designers rapid access to the wide diversity of the latest VLSI in the form of small
modules that piggyback onto baseboards.

This standard was originally developed in 1980 by Intel Corporation to provide
I/0 flexibility for its line of 8- and 16-bit MULTIBUS single-board computers. This
original bus was called the Intel System Bus Extension and named the SBX bus. To
promote multivendor acceptance, Intel submitted its SBX specifications to the
IEEE Microcomputer Standards Committee as a basis for independent standardi-
zation in 1981. A working group was formed, and the first draft of IEEE P959 was
written in 1982.
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The working group had the following members:

Stephen D. Cooper, Chairman

Leon Adams Lawrie Eaton Richard Main
Warren Buster Gordon Force Juan Monico
John Craig Peter Hoa Douglass Sherrod
Glen Dokken Steve Leibson Tom Thorsteinson

Pete MacWilliams

By 1983, this group had refined the P959 specification into its near-final draft,
draft 3. In June of 1984, draft 3 was published in IEEE Micro magazine for public
comment. A year later, the Microcomputer Standards Committee approved P959
draft 3 to proceed to a ballot of the sponsoring Technical Committee on Micro-
processors and Microcomputers (TCMM).

The TCMM sponsor ballot was began in late 1987, with approval reported in
March 1988. Minor comments from this ballot resulted in the creation of draft 4 of
the specification. The final steps in the IEEE standardization process were com-
plete in June 1988 when the IEEE Standards Board Review Committee (REVCOM)
recommended approval, and the full IEEE Standards Board unanimously approved
the draft 4 specification.

The following persons were on the balloting committe that approved this docu-
ment for submission to the IEEE Standards Board:

Andrew Allison Jim Flournoy Rollie Linser
Peter J. Ashenden Gordon Force Gary Nelson

Matt Biewer Martin Freeman Thomas Pittman
John Black Subramaniam Ganesan Shlomo Pri-Tal
Jack Blevins David B. Gustavson Panchanathan Ragu
Richard W. Boberg Tom Harkaway Richard Rawson
Paul L. Borrill David James Michael Smolin
Bradley Brown Richard L. Kalish Robert Stewart
Clyde Camp Richard Karpinski Michael Teener
John D. Charlton Doug Kraft Eike Waltz

Steve Cooper Glen Langdon Carl Warren
James R. Davis Bill LaPlant George White
Randy Davis Gerry Laws Fritz Whittington
Jim Dunlay Tom Leonard Thomas Wicklund
Wayne Fischer Andrew Wilson
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When the IEEE Standards Board approved this standard on June 9, 1988, it had

the following membership:

Donald C. Fleckenstein, Chairman

Arthur A. Blaisdell
Fletcher J. Buckley
James M. Daly
Stephen R. Dillon
Eugene P. Fogarty
Thomas L. Hannan
Kenneth D. Hendrix
Theodore W. Hissey, Jr

*Member emeritus

Andrew G. Salem, Secretary

Jack M. Kinn

Frank D. Kirschner
Frank C. Kitzantides
Joseph L. Koepfinger*
Irving Kolodny
Edward Lohse

John E. May, Jr
Lawrence V. McCall

Marco W. Migliaro, Vice Chairman

L. Bruce McClung
Richard E. Mosher
L. John Rankine
Gary S. Robinson
Frank L. Rose
Helen M. Wood
Karl H. Zaininger
Donald W. Zipse
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1. General

1.1 Scope. One of the most important parts of any computer system is the 1/0.
Many systems require different types of I/0 depending on the specific application.
In addition, the system designer is faced with a significant challenge to keep up
with new technology in I/0 devices types, interfaces, and the LSI components
designed to support them. The IEEE 959 1/0 expansion bus is designed to address
these needs. Using this standard interface allows small increments of 1/0 to be
added or modified in an easy, cost-effective way.

The IEEE 959 I/0 expansion bus is specified independent of processor or board
type. Each expansion interface supports up to sixteen 8-bit I/O ports directly.
Enhanced addressing capability is available using slave processors or FIFO devices.
In addition, each expansion interface may optionally support a DMA channel cap-
able of data rates up to 2 16-bit Mwords/sec. These features are supported for both
8- and 16-bit data paths.

This specification has been prepared for those users who intend to design or
evaluate products that will be compatible with the IEEE 959 1/0 expansion bus.
For this purpose, functional, electrical, and mechanical specification are covered in
detail. The intent of the specification is to guarantee compatibility between base-
boards and expansion modules while not restricting the actual designs any more
than necessary. Additional design considerations that are not part of the actual
specification are presented in the appendixes.

1.2 Definitions. The following paragraphs contain definitions that are used
throughout this specification. More detailed definitions can be found in the
appropriate section of this specification.

1.2.1 General System Term Definitions

compatibility. The degree to which devices may be interconnected and used with-
out modification, when designed as defined in Sections 2, 3, and 4 of this specifica-
tion. Section 6 discusses the various levels of compliance that the specification
allows.

13
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Std 959-1988 SECTION 1

operation. The process whereby digital signals effect the transfer of data across
the interface by means of a sequence of control signals. Operations may be either
interlocked or full speed.

interface. A shared boundary, between two systems or parts of systems, through
which information is transferred.

system. A set of interconnected elements that achieve a given objective through
performing a specific function.

arbitration. The process of determining which requesting device will gain access to
a resource.

1.2.2 Signals and Paths

bus. A signal line or set of signal lines used by an interface system to connect a
number of devices and to transfer data.

byte. A group of eight adjacent bits of data that are operated on as a unit.
word. Two bytes operated on as a unit.
data path. Signal lines on a bus associated with data.

high state. The more positive voltage level; used to represent one of two logical
binary states (see 3.1.1 for more details).

low state. The more negative voltage level; used to represent one of two logical
binary states (see 3.1.1 for more details).

signal. The physical representation of a logical value.

signal level. The relative magnitude of a signal when compared to a reference.
Signal levels in this specification are specified in volts.

signal line. One of a set of signal conductors in an interface system used to
transfer messages among interconnected devices.

active-high signal. A signal for which the logical-true (activated) state is repre-
sented by the high electrical state, and the logical-false (deactivated) state is
represented by the low electrical state. In this specification, the active-high signal
can be identified by the absence of an asterisk (*) at the end of the signal name
(refer to 3.1.1 for more details).

active-low signal. A signal for which the logical-false (deactivated) state is repre-
sented by the high electrical state, and the logical-true (activated) state is repre-
sented by the low electrical state. In this specification, the active-low signal can be

14
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identified by the presence of an asterisk (*) at the end of the signal name (refer to
3.1.1 for more details).

two-directional signal line. A signal line that may be defined in either direction
across an interface, and that cannot be defined in both directions simultaneously.
The direction of operation for a two-directional signal line in a system is a configu-
ration option.

bidirectional signal line. A signal line that may be defined in either direction
across an interface. The direction is determined by control signals for each
operation.

15
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2. Functional Description

The IEEE 959 1/0 Expansion Bus concept allows low-cost, highly flexible I/0
expansion for computer boards. This section provides an overall understanding of
the concept by describing the elements of the bus system, the bus interface signals,
and the bus operations.

2.1 Bus Elements. There are two basic elements in the IEEE 959 I/0 Expansion
Bus: the baseboard and the expansion module.

2.1.1 Baseboard. A baseboard is any board that provides one or more I/0
expansion interfaces (connectors) that meet the electrical and mechanical require-
ments of this specification. Logically, the baseboard is always the master device,
making it responsible for generating all addresses, chip selects, and commands. As
a master device for DMA transfers, the baseboard is required to provide the DMA
controller function. Mechanically, the baseboard shall supply latching connector(s)
and mounting hole(s) for attaching the expansion module with nylon screws and
spacers. See Figs 1 and 2 for mounting details.

2.1.2 Expansion Module. An expansion module is a small specialized 1/0 board
that attaches to a baseboard. Each expansion module can be one of two standard
sizes, single wide and double wide; each is shown in Figs 1 and 2, respectively. The
purpose of an expansion module is to convert the general bus interface into a
specific I/0 interface. An example of this would be an RS232 serial interface
module. The IEEE 959 1/0 expansion bus is specifically designed to simplify the
expansion module interface. In many cases, LSI peripheral components can con-
nect to this interface directly.

2.2 Bus Signals. The IEEE 959 1/0 expansion bus signals can be grouped into
seven classes based on the functions they perform. The classes are as follows:

(1) Address and chip select lines

(2) Data lines

(3) Control lines

(4) Interrupt lines

(5) Option lines

(6) Power lines

(7) Reserved lines

17
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?4-”// NYLON SCREW (2)

/O CONNECTOR

EXPANSION MODULE
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/
BASEBOARD
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!

Fig 1
IEEE 959 1/0 Expansion Bus System with Single-Wide Expansion Module

2.2.1 Address and Chip Select Lines. These lines can be broken into two

groups.
Function Signals
Address MAO, MA1, MA2
Chip Select MCS0*, MCS1*

The function of these signals is somewhat unique. A typical bus would simply
have address lines and require the slave device to create its own chip selects. The
IEEE 959 1I/0 expansion bus requires the baseboard to generate chip selects. This
feature simplifies the expansion modules with only minimal impact to the
baseboard.
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